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Congenital coronary artery fistulas (CAF) are 
aberrant connections between the coro-
nary arteries and contiguous structures like 
non-coronary vessels or cardiac chambers. In 
patients undergoing coronary computed to-
mography (CT) angiography, the prevalence 
of CAFs ranges from 0.2 to 0.9% [1–3].

CAF is often found incidentally during 
a study for other reasons [4], however de-
pending on the anatomy (donor vessel, 
recipient vessel or chamber, size and length) 
and patient characteristics (concomitant heart 
disease), it may cause symptoms and lead 
to life-threatening complications like acute 
ischemia, congestive heart failure, pulmonary 
hypertension, endarteritis and rupture [5, 6]. 
Usually small incidentally found CAFs are 
a symptomatic and do not require intervention 
[1, 4, 7]. Some CAF may remain clinically silent 
for decades, however once it becomes he-
modynamic significant (myocardial ischemia 
through a steal phenomenon, left ventricle 
volume overload or significant left to right 
shunt leading to congestive heart failure or 
pulmonary hypertension) treatment must 
be considered [8]. Percutaneous treatment 
is currently the mainstay of therapy when 
technically feasible and there are no other 
indications for heart surgery [4, 8]. Patients 
that underwent intervention should be fol-
lowed up more frequently early after closure 
to recognize the possible recurrence of the 
fistula, persistent dilatation of the coronary 
artery, thrombus formation, calcification, 
arrhythmias, and myocardial infarction [8]. 
Regarding medical therapy, antiplatelet ther-
apy is recommended empirically to prevent 
thrombosis when there is coronary artery or 

fistula dilatation, anti-anginal drugs should 
be used to alleviate angina, and most authors 
recommend endocarditis prophylaxis.

In this issue of the  Polish Heart Journal, 
Michałowska et al. [9] reported the preva-
lence, anatomic characteristics, and clinical 
significance of congenital CAFs, of 42 patients 
diagnosed as having at least one CAF among 
39 066 unselected adults, that had a cardiac 
CT assessment over a period of 12 year in 
a tertiary single center. It is the largest, CT di-
agnosed congenital CAF series, ever reported. 
Overall, the findings regarding anatomy and 
clinical manifestations are in line with other 
international series, however some points de-
serve a thoughtful reflection. The prevalence 
of CAF in the present report was 0.11%, which 
is within the range of invasive angiography 
registries, but bellow most of the largest CT 
series (0.19%–0.9%) [1–3]. This may be due 
to: 1) the retrospective nature of the study 
and the methodology that the authors used 
to identify CAF cases; 2) exclusion of CAFs 
suspected to be acquired and non-diagnostic 
CTs, (nevertheless, it accounted only for 10 pa-
tients, and the prevalence would have been 
otherwise 0.13%, still bellow most of the CT 
series); and 3) finally a possible difference in 
CAFs prevalence among distinct populations, 
with higher prevalence in eastern population, 
where the largest CT reports were derived 
from [1–3]. There was an association between 
CAF size and drainage site (namely, low pres-
sure right sided vessels/chambers — superior 
vena cava, right atrium, coronary sinus) with 
fistula calcification, infective endocarditis, pul-
monary hypertension, and clinical significance 
(as defined by the authors). Clinical significant 
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CAF were more common in younger and male patients. This 
results should be interpreted with caution, given the small 
sample size, prone to type II error. Also, mortality at a me-
dian follow up of 22.5 months was very high, 16.7% (7/42) 
in the overall CAF population, 43% (3/7) in patients with 
clinically significant CAFs, and 11% (4/35) in patients with 
non-significant CAF, the mean ages of these groups were 
57.5, 47.1 and 59.5 years old, respectively.

The present results add up to the evidence that already 
exists, reinforcing that CAF is a rare entity, and clinically 
significant CAF is even rarer; in adults the diagnosis is usu-
ally made “incidentally” by CT as an investigation for other 
causes of chest pain, and heart failure; and that anatomical 
factors influence the clinical presentation. In addition the 
current findings, raise some hypothesis, namely: 1) the 
possibility that CAF prevalence may vary in different pop-
ulations; 2) that CAFs draining into right sided structures 
may increase in size and progress to larger shunts with 
clinical repercussion at younger ages, and 3) that mortality 
in CAF patients is high, even in patients with non-clinically 
significant CAFs. This issues deserve further investigation, 
to clarify if there are differences in the prevalence and 
presentation in different populations; if CAFs draining 
into right sided structures deserve a different approach, 
namely and more preemptive follow up and treatment; 
and if CAF presence is associated with higher risk of mor-
tality. Furthermore, the role of other diagnostic modalities, 
namely functional cardiac magnetic resonance and invasive 
hemodynamic assessment, in establishing a mechanistic 
correlation between the anatomical characteristics and 
clinical repercussion, needs to be clarified. Finally, given 
the high anatomical and clinical variability, therapy should 
always be individually tailored, however it is not known 
when is the sweet spot for intervention nor what is the 
best therapeutic option for incidentally found CAFs. This 
kind of reports highlight the need for larger prospective 
multicenter international registries. An effort should be 
made to incite physicians collaboration in reporting the 
natural history and management of all types of CAFs, so 
that a more comprehensive characterization of this rare and 
highly heterogeneous condition can be made.
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An abrupt rise in filling pressure is the land-
mark feature of restrictive cardiomyopathies 
(RCM). Non-dilated but stiffened ventricles 
underpin diastolic dysfunction, atrial enlarge-
ment, and heart rate dependency due to fixed 
stroke volume. However, several knowledge 
gaps persist despite a thorough understand-
ing of the underlying pathophysiology. The 
main reason is that pure RCM is the rarest car-
diomyopathy phenotype, and its prevalence is 
still unclear [1]. In addition, a wide spectrum 
of diseases, both genetic and acquired, can 
manifest as RCM. Finally, to further complicate 
the RCM landscape, restrictive phenotypes 
can be transient or permanent; they even 
overlap with other phenotypes [2]. 

Nevertheless, this was a favorable year 
for management of cardiomyopathies, with 
the publishing of the first comprehensive 
cardiomyopathy guidelines by the European 
Society of Cardiology (ESC) [3]. The relevance 
of meticulous etiological research of RCM 
was emphasized since disease-modifying 
therapies are now available, especially for 
transthyretin cardiac amyloidosis (TTR-CA). 
On the other hand, only a few management 
recommendations were suggested, highlight-
ing the lack of data on RCM. Indeed, except 
for TTR-CA, a few studies focused on RCM in 
recent years [4–7]. 

In this issue of Kardiologia Polska, Szczy-
gieł and colleagues [8] provide interesting 
etiolo gical, genetic, and prognostic insights 
(Figure 1) on a prospective cohort of patients 
enrolled in a single tertiary center. Thirty-six 
consecutive patients received a diagnosis 
of RCM from 2015 to 2016. Patients with 
hypertrophic cardiomyopathy features were 

excluded. Then, the entire cohort underwent 
cardiac amyloidosis screening, including 
medical history, physical examination, cardio-
vascular, digestive, and neurological assess-
ment, laboratory tests, electrocardiography, 
echocardiography, and cardiovascular mag-
netic resonance. Novel non-invasive imaging 
features, such as impaired global longitudinal 
strain with the relative apical sparing pattern 
and increased T1 mapping, were not assessed 
in the entire population. A positive result of CA 
screening prompted amyloid typing through 
evaluation of serum-free light chains and im-
munofixation of both serum and urine. 

According to recent position papers [9, 10], 
invasive tests are mandatory for the diagnosis 
of cardiac light chain amyloidosis (AL-CA), 
while a cardiac uptake on diphosphonate scin-
tigraphy of at least grade 2 of Perugini score 
in the absence of a monoclonal protein allows 
non-invasive TTR-CA diagnosis. In non-amy-
loid RCM (na-RCM), genetic testing identified 
pathogenic or likely pathogenic (P/LP) vari-
ants in the majority of patients (86%), under-
scoring that RCM may be mostly a genetic 
disorder, especially after careful exclusion 
of infiltrative diseases. In this regard, similar 
results (60%) were found in a Spanish study 
including 32 patients with end-stage RCM [3]. 
All-cause mortality for the overall cohort was 
56%. The poor prognosis was consistent with 
a previous multicenter Korean study, where 
five-year overall survival was 64% [5]. 

The recent EURObservational Research 
Programme Cardiomyopathy registry de-
signed by the ESC provided further intriguing 
information [6, 7]. Patients with RCM showed 
the highest annual rates of major cardiovas-
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cular events (P <0.001) as compared to those with other 
cardiomyopathies. Moreover, except for RCM, all cardiomy-
opathy phenotypes were more prevalent in males. Finally, 
RCM patients were more symptomatic, and their functional 
status was less likely to improve. Subsequently, biomarkers 
and echocardiographic findings were tested as predictors 
of outcomes. N-terminal proB-type natriuretic peptide 
(NT-proBNP) is included in every proposed prognostic stag-
ing score for both AL-CA and TTR-CA [3]. Interestingly, the 
authors evaluated NT-proBNP, high-sensitive troponin T (hs-
TnT), soluble suppression of tumorigenicity 2 (sST2), and 
growth differentiation factor-15 (GDF15) in both amyloid 
and na-RCM. Univariate Cox models identified GDF15 as 
the strongest predictor among biomarkers (hazard ratio 
[HR], 1.45; confidence interval [CI], 1.12–1.88; P = 0.004). 
NT-proBNP and hs-TnT were also significantly associated 
with reduced survival (HR, 1.17; CI, 1.08–1.28; P <0.001 and 
HR, 1.10; CI, 1.04–1.16; P <0.001, respectively). Pericardial 
effusion was three-fold more frequent in AL-CA than na-
RCM (P <0.001) and was the most important predictor of 
death (HR, 5.49; CI, 1.94–15.51; P = 0.001). It is important to 
note that the prognosis is still poor, as in previous reports 
[4, 6]. Additionally, the limited number of patients prevent-
ed further analyses. 

In conclusion, while authors need to be congratu-
lated for their effort to assess new biomarkers through 
a wide spectrum of well-characterized RCM, we believe 
that emerging targeted therapies are paving the way to 
a proactive approach aiming at precision medicine as 
a cornerstone of RCM management. We acknowledge that 
this is a difficult task to achieve, considering RCM epide-
miology. Thus, further studies are required to improve the 
characterization and prognosis of such a deadly disease.
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Figure 1. Key aspects of the study by 
Szczygieł et al. [7]. Left panel: etiologic 
evaluation. Right panel: assessment 
of biomarkers and echocardiographic 
findings as prognostic factors
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In one of the latest studies describing asso-
ciations between social relationships and 
health, Piwońska and colleagues [1] provide 
further evidence for a conclusion now backed 
by greater than 50 years of research: social 
relationships appear to be important — per-
haps even essential — for optimizing our 
healthspans and lifespans. 

Since the publication of the original 
groundbreaking social network studies in 
the 1970s, linking larger social networks to 
a reduced risk of premature death [2], the 
field has evolved tremendously in both size 
and quality. Beyond the now widely replicated 
findings connecting social relationships and 
numerous health indicators, there are, for 
example, compelling empirical arguments for 
at least all the following theses:
• Social relationship quality and perceived 

social support — not just social network 
size — are associated with improved 
health and longevity.

• The health benefits associated with social 
relationships are surprisingly robust across 
culture, age, and gender groups.

• Social relationships may be as important 
to mental health and quality of life as they 
are to physical health.

• Social relationship effects on health 
may be gradual — perhaps manifesting 
slowly over decades — or sudden, as 
demonstrated in life-threatening cases of 
takotsubo cardiomyopathy (broken heart 
syndrome) [3].

• The relationship between social networks 
and health is probably bidirectional 

— health may affect the number and 
quality of social relationships and social 
relationships (depending on quality) may 
improve or worsen health.

• Even in the absence of randomized con-
trolled trials, there is an increasingly strong 
case — based on traditional Bradford-Hill 
criteria [4], experimental animal models 
[5], and even Mendelian randomization 
studies [4], that at least some of the as-
sociations between social relationships 
and health are causal rather than merely 
correlative. 
This is an impressive resume of re-

search-based social relationship findings. Yet 
amidst this still growing literature, perhaps 
the most vexing scientific and public health 
challenge regarding social relationships and 
health is what we still do not know: what to do 
about loneliness and social isolation.

Thankfully, this practical constraint may 
slowly be changing. As summarized in  
the paper by Piwońska and their team [1], the 
evidence supporting both statistically and 
clinically significant associations between 
social relationships and health is compelling. 
In fact, the quality of evidence is now so per-
suasive that the World Health Organization 
(WHO) [6] and US Surgeon General [7] each 
took unprecedented steps in 2023 to high-
light the importance of social relationships to 
public health and begin the difficult process 
of translating social relationship and health 
science into solution-based initiatives. In the 
former case, the WHO tasked a commission of 
international experts to identify strategies to 
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promote increased social connectedness [6]. The Surgeon 
General report [7], meanwhile, contains a comprehensive 
summary of social relationships and health research and 
proposes a “six pillar” strategy for enhancing social connec-
tions at different levels of society in the US.

The convergence of scientific support by leading 
health organizations towards the cause of promoting 
social relationships for improved public health should be 
a cause for celebration among researchers. It represents 
a multi-decade process of scientific case-building involv-
ing hundreds of investigators and many thousands of 
research participants. However, the path forward for social 
relationships and health scientists arguably remains no less 
daunting than before. 

The landscape of social relationships has changed 
greatly since the days of the Alameda County study and the 
initial Social Network Index. Relationships in the categories 
that formerly comprised the most common examples of 
social relationships on the Social Network Index — such 
as marriage, church attendance, children, and community 
involvement — have since plummeted in many advanced 
countries. Novel relationship categories based on tech-
nology, such as video conferencing and social media 
interactions, have emerged so rapidly that their short- and 
long-term consequences for health remain unclear while 
nonetheless being accelerated by the COVID-19 pandemic. 

Finally, even while organizations such as the WHO 
and the US Surgeon General grapple with the already 
multilayered complexities of promoting healthy social re-
lationships in the present, the future appears ready to offer 
even more dynamic challenges. What role, for instance, 
will relationships with artificial intelligence companions 
play in reducing loneliness and social isolation [8] or re-
lationships that exist only on virtual and extended reality 
platforms [9]? As abruptly and disruptively as social media 
and video relationships emerged in the early 21st century, 
the next wave of technology-based social relationships 
may arrive even faster and with even greater public health 
implications. Current and future generations of social re-
lationship and health scientists must be ready to explore 
these new frontiers. 
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A B S T R A C T
The prevalence of atrial fibrillation (AF) in patients with chronic kidney disease (CKD), especially 
on hemodialysis (HD) is higher compared to the general population without CKD and reaches 
~20%. The risk of ischemic stroke in CKD patients is also significantly increased. However, since the 
risk of bleeding is also significantly increased in CKD patients and the number of bleeding events 
exceeds the number of thrombotic events, there are great concerns regarding the routine use of 
anticoagulation in this patient population. No randomized studies were performed to compare anti-
coagulation with placebo in patients with advanced CKD and AF. This lack of knowledge is reflected 
in international guidelines which refrain from clear recommendations. The use of anticoagulation for 
stroke prevention in HD patients with AF should be strictly individualized for each patient. Antico-
agulation for stroke prevention in HD patients with AF seems justified only in selected patients with 
high stroke and low bleeding risk. Reduced-dose direct oral anticoagulants (especially apixaban) 
may prove beneficial. In patients with high thrombotic and bleeding risk, left atrial appendage 
closure could be considered. In this article, the results of the most relevant observational studies 
with anticoagulation in CKD/HD patients with AF have been presented and discussed. Furthermore, 
results of randomized studies comparing vitamin K antagonists with non-vitamin K antagonists in 
CKD patients have been discussed in detail. Finally, ongoing randomized studies with reduced doses 
of apixaban, factor XI inhibitors, and left atrial appendage closure in CKD patients are mentioned. 
A brief summary of rhythm control strategies in AF is given. 

Key words: anticoagulation, atrial fibrillation, bleeding, dialysis, renal failure

Correspondence to:
Prof. Pavel Osmancik, MD, PhD,
Department of Cardiology, 
Kralovske Vinohrady  
University Hospital 
and 3rd Faculty of Medicine, 
Charles University, 
Šrobárova 50, 100 34 Prague, 
Czech Republic,
phone: +420 267 162 621,
e-mail: pavel.osmancik@fnkv.cz

Copyright by the Author(s), 2023

DOI: 10.33963/v.kp.98424

Received:  
October 20, 2023

Accepted:  
December 6, 2023

Early publication date:  
December 14, 2023

INTRODUCTION — EPIDEMIOLOGY 
AND PATHOPHYSIOLOGY  
OF ATRIAL FIBRILLATION  

AND CHRONIC KIDNEY DISEASE
Atrial fibrillation (AF) is characterized by rapid 
and uncoordinated electrical and mechan-
ical activity of atrial cardiomyocytes. AF is 
considered the most commonly sustained 
arrhythmia with an estimated worldwide 
prevalence of 600 per 100 000 in men and 
370 per 100 000 in women, with significant 
regional and ethnic variations [1, 2]. AF prev-
alence is mostly determined by age, with the 
prevalence spanning from 0.1% among adults 
under 55 years to 9.0% in those 80 years or 
older [3]. The overall prevalence of AF may in-
crease significantly after thorough screenings 
with new rhythm monitoring devices [4]. AF 
is associated with increased mortality, mainly 

due to the increased risk of stroke and wors-
ening of heart failure [5, 6]. Recently, AF has 
also been linked to increased risk of cognitive 
impairment and dementia [7]. 

Chronic kidney disease (CKD) is divided 
into 5 stages according to glomerular filtra-
tion rate, with CKD 5 treated by dialysis as 
end-stage chronic kidney disease. Novel, 
more patient-centered, nomenclature is 
now being used for patients with glomerular 
filtration rate (GFR) <15 ml/min/1.73 m2 or on 
dialysis treatment; terms like “kidney failure” 
are replacing terms such as (end-stage kidney 
disease” (ESKD) or “end-stage renal disease” 
(ESRD) [8]. The prevalence of stage 5 CKD 
worldwide is reported to be 0.1%; the number 
of patients treated by hemodialysis varies 
significantly worldwide and is substantially 
higher in wealthier countries [9]. Hemodia-
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lysis is the most used form of kidney replacement therapy 
(KRT) and accounts for nearly 70% of all patients on kidney 
replacement therapy and nearly 90% of dialyses (the rest 
being peritoneal dialysis) [10].

There is a close and bidirectional relationship between 
CKD and AF since patients with CKD are at higher risk of AF 
and AF patients are more prone to develop CKD [11–13].  
AF is also associated with a significant increase in mortality 
of CKD patients [14]. Estimates of the prevalence of AF dif-
fer by study cohorts. For example, the nationwide United 
States Renal Data System states a prevalence of 21% and 
16% in hemodialysis (HD) and peritoneal dialysis patients, 
respectively [15]. Just as in the general population, the use 
of novel rhythm monitoring devices has increased the num-
ber of AF patients diagnosed with kidney failure. In a study 
of HD patients with implanted loop recorders, 31% (18 of 
59 patients) had de novo detection of AF episodes lasting 
≥6 minutes during a 6-month follow-up [16].

The increased prevalence of AF in HD patients is not 
surprising given the shared risk factors for both AF and CKD, 
factors associated directly with advanced kidney disease, 
and finally with the effects of the dialysis procedure itself. 

Age is one of the greatest risk factors for both AF and 
CKD [3] Other frequently shared risk factors are hyperten-
sion, obesity, and diabetes mellitus, all of which pose a ris-
ing global health burden [17]. The most common primary 
renal diagnosis (cause of kidney failure in HD patients) in 
the Western world is diabetes, followed by hypertension 
[18, 19]. 

The mechanisms associated with advanced kidney 
disease that are involved in AF development include oxi-
dative stress, chronic inflammation, transforming growth 
factor-β1 (TGF-β1) signaling, hyperactivation of the re-
nin-angiotensin-aldosterone system, and altered mineral 
and bone metabolism associated with CKD, most of which 
ultimately play a role in myocardial fibrosis [20–22]. 

The role of mineral and bone abnormalities in chronic 
kidney disease and their impact on cardiovascular disease 
is increasingly more recognized. Levels of fibroblast growth 
factor-23 (FGF-23), a circulating peptide produced by 
osteoblasts and osteocytes that is crucial for serum phos-
phate control, rise in the early stages of CKD. This cytokine 
activates intracellular signaling leading to cardiac hyper-
trophy [23]. The presumed vicious cycle is left ventricular 
hypertrophy leading to diastolic dysfunction, increase in left 
ventricular filling pressure, and then left ventricular strain 
with fibrosis and dilatation, which creates a substrate for AF. 
Thus, and not surprisingly, concentrations of FGF-23 were 
shown to be strongly and independently associated with 
increased risk of AF incidents [24]. This situation is similar to 
heart failure with preserved ejection fraction (HFpEF), which 
is, by far, the most common heart failure phenotype in HD 
patients [25]. It is widely known that AF and HFpEF often 
coexist; AF is seen in about two-thirds of HFpEF patients 
and is linked to a worse prognosis [26]. 

Finally, the dialysis procedure itself is associated with 
large changes in plasma constituents and volume status, 
which can also play a significant role in triggering atrial 
arrhythmias. In a study of dialysis patients with implanted 
cardioverter defibrillators capable of continuous rhythm 
monitoring, AF occurrence was analyzed in relation to 
the HD procedure [27]. Of all AF episodes occurring on 
HD days, 8% occurred before the dialysis procedure, 48% 
during, and 43% after dialysis. AF also occurred more often 
around HD with higher ultrafiltration and lower dialysate 
potassium concentrations (which can serve as a surrogate 
for a potassium shift with lower dialysate concentrations 
indicating higher shifts between dialysate and plasma). 

Hemodialysis significantly contributes to changes in se-
rum electrolytes: serum potassium concentration changes 
by a mean of 1.2 mmol/l during HD, and 40% of patients 
experience hypokalemia immediately after HD, and a sig-
nificant post-HD decrease was also seen in magnesium and 
phosphate concentrations [28]. Pre-dialysis hypokalemia 
and lower dialysate potassium (below 2 mmol/l) are inde-
pendently associated with increased risk of AF [29]. 

STROKE RISK ASSOCIATED  
WITH KIDNEY FAILURE

There are several reasons why patients with advanced 
kidney disease are at higher risk of stroke. The numbers 
of both ischemic and hemorrhagic strokes are increased 
in the HD population. Although ischemic stroke is more 
frequent than hemorrhagic (also in the HD population), 
the proportion of hemorrhagic to ischemic strokes is higher 
in HD patients compared to the general population [30]. 

At the pathophysiological level, the increased ischemic 
stroke risk and overall increased thrombogenesis involve 
primary and secondary hemostasis. Platelet activation and 
interaction, altered platelet transcriptome and secretome, 
platelet-derived microparticles, and endothelial dysfunction 
all seem to play a role, with most effects being media ted 
by uremic toxins [31]. A higher burden of atherosclerosis 
in CKD patients, including the carotid arteries, is well es-
tablished [32]. Interestingly, oxidative stress, inflammation, 
and endothelial dysfunction associated with CKD alter brain 
vascular reactivity and function of the blood-brain barrier, 
making the brain more susceptible to ischemia and aggra-
vating brain injury secondary to ischemia [33]. 

The increased risk of hemorrhagic stroke is primarily 
caused by platelet dysfunction discussed later. Addition-
ally, arterial hypertension (AH) plays a role. The majority 
of HD patients have AH, which is often poorly controlled 
and resistant to pharmacotherapy [34]. AH is a leading 
risk factor for hemorrhagic stroke in the general and HD 
populations [35, 36]. 

All these pathophysiological circumstances have 
major clinical implications and lead to an increase in 
the number of both ischemic and hemorrhagic strokes.  
A meta-analysis of cohort studies focusing on stroke risk 
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in relation to kidney function pooling over 2 million pa-
tients found that the stroke rate increases by 7% for every 
10 ml/min/1.73 m2 decrease in GFR [37] In HD patients, the 
stroke risk was found to be 3–10 times higher than in the 
general population [35, 36]. HD was also linked to a worse 
prognosis, longer in-hospital stays, worse functional status, 
and worse response to rehabilitation after stroke [38, 39]. 
Furthermore, CKD was found to be associated with higher 
risk of hemorrhagic transformation of ischemic stroke and 
with underutilization of evidence-based therapies for acute 
stroke patients [39, 40].

BLEEDING RISK IN HEMODIALYSIS PATIENTS
The bleeding diathesis in kidney failure is a complex 
phenomenon, but most abnormalities are present on the 
platelet count. Disturbed platelet adhesion, disturbed 
endothelial-thrombocyte interplay, defective platelet 
aggregation, an imbalance in secretory granule content, 
and even defects in the platelet cytoskeletal structure 
have been demonstrated in HD patients [31]. Most of the 
aberrations seem to be mediated by uremic toxins, which 
explains the beneficial effect of dialysis [41]. Aspirin, often 
prescribed to HD patients for cardiovascular primary or 
secondary event prevention, has an amplified impact on 
hemostasis compared to healthy individuals [42]. Finally, 
anticoagulation (most often heparin-based) used during 
HD to prevent blood clotting in the extracorporeal circuit 
also contributes to the pro-hemorrhagic milieu. 

The risk of bleeding in CKD and, especially, HD patients 
is higher compared to the general population. For instance, 
a retrospective cohort study with 11 000 patients (>80% 
on HD) found that the annualized incidence of hospitali-
zation for bleeding was 5.3 per 100 patient-years [43] The 
most frequent bleeding site was the lower gastrointestinal 
(GI) tract, with an incidence of 3.1 per 100 patient-years, 
followed by upper GI bleeding (2.1 per 100 patient- 
-years) and intra-cerebral and subarachnoid bleeding 
(0.3 per 100 patient-years). In another prospective co-
hort study with nearly 50 000 patients, the observed 
rate of bleeding requiring hospitalization was 8 per 
100 patients-years [44]. Bleeding rates were dramatically 
higher in HD patients with a history of GI bleeding in 
the past 12 months. A prospective cohort study of over 
200 000 European dialysis patients (84% on hemodial-
ysis) found a 12.8-fold increased risk of death caused 
by bleeding compared to the general population [45]. 
In this cohort, older age at the start of dialysis, primary 
kidney diseases including renal vascular disease, AH, and 
diabetes mellitus were all associated with an increased 
risk of bleeding. Older age and associated frailty affect 
outcomes of anticoagulated patients, irrespective of renal 
function [46]. A meta-analysis of studies on anticoagula-
tion in elderly (age ≥65 years) AF patients with CKD found 
similar rates of ischemic stroke/transient ischemic attack 
in anticoagulated vs. nonanticoagulated patients (risk 
ratio [RR], 1.18; 95% confidence interval [CI], 0.88–1.58 for 

dialysis patients) and increased risk of bleeding in dialysis 
(RR, 1.37; 95% CI, 1.09–1.74) but not in non-dialysis patients 
[47]. Another large cohort study of HD patients found that 
current smoking, history of coronary vascular disease, and 
inability to walk without assistance (a sign of overall frailty) 
were predictive of upper GI bleeding [48].

An observational study of over 200 000 dialysis patients 
examined death caused by bleeding and stroke and com-
pared the data to the general population [49]. The study 
found that bleeding-associated mortality was 12.8 times 
higher, and stroke-related mortality was 12.4 times high-
er than in the general population. On an absolute scale, 
however, mortality rates for bleeding were lower than for 
stroke (6.2 vs. 14.3 per 1000 person-years, respectively). 

STROKE AND BLEEDING  
RISK-STRATIFICATION SCORES  

IN HEMODIALYSIS PATIENTS
In non-CKD patients, the CHA2DS2-VASc score has become 
a standard for stroke risk stratification in patients with AF 
and is widely used in decision-making [50, 51]. Data on the 
usefulness of CHA2DS2-VASc in CKD patients are far less 
substantial than for non-CKD patients; nonetheless, studies 
have confirmed that higher CHA2DS2-VASc scores are also 
associated with higher stroke risk in HD patients. A Tai-
wanese study examined the predicted risk accuracy of 
CHA2DS2-VASc scores in 11 000 non-anticoagulated HD 
patients with AF; the authors found that an increased score 
significantly predicted stroke risk [52]. In HD patients, the 
median score was 5; but importantly only 3.8% of this HD 
population had a score of 0 or 1 (compared to 20% in the 
population in which the scores were validated) [53]. Addi-
tionally, even low-risk patients (CHA2DS2-VASc score = 0) 
had an annualized risk of ischemic stroke of 2.1 per 100 pa-
tient-years. Thus, the score is not considered useful in clin-
ical practice since its aim is to differentiate between low 
and high-stroke-risk patients (to accordingly start, or not, 
anticoagulation treatment), and most HD patients are 
automatically deemed to be at high risk.

The situation is even more complicated for scoring 
systems predicting bleeding risk, and evidence to support 
routine use of bleeding risk scores in HD patients is lacking. 
Two prospective cohort studies performed in 1745 and 
625 patients showed that established bleeding risk scores 
(such as HAS-BLED, ATRIA, HEMORR2HAGES, and others), per-
formed poorly in predicting future bleeding events [54, 55]. 

RATE AND RHYTHM CONTROL STRATEGIES 
IN HEMODIALYSIS PATIENTS 

In the general population without CKD, the clear prognostic 
benefit of rhythm control strategies was confirmed in rand-
omized studies only in patients with left ventricular dysfunc-
tion. Therefore, in patients with preserved left ventricular 
function, the rhythm control strategy is recommended 
primarily to improve symptoms related to AF. Due to the 
absence of specific evidence for the CKD population, the 
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in relation to kidney function pooling over 2 million pa-
tients found that the stroke rate increases by 7% for every 
10 ml/min/1.73 m2 decrease in GFR [37] In HD patients, the 
stroke risk was found to be 3–10 times higher than in the 
general population [35, 36]. HD was also linked to a worse 
prognosis, longer in-hospital stays, worse functional status, 
and worse response to rehabilitation after stroke [38, 39]. 
Furthermore, CKD was found to be associated with higher 
risk of hemorrhagic transformation of ischemic stroke and 
with underutilization of evidence-based therapies for acute 
stroke patients [39, 40].

BLEEDING RISK IN HEMODIALYSIS PATIENTS
The bleeding diathesis in kidney failure is a complex 
phenomenon, but most abnormalities are present on the 
platelet count. Disturbed platelet adhesion, disturbed 
endothelial-thrombocyte interplay, defective platelet 
aggregation, an imbalance in secretory granule content, 
and even defects in the platelet cytoskeletal structure 
have been demonstrated in HD patients [31]. Most of the 
aberrations seem to be mediated by uremic toxins, which 
explains the beneficial effect of dialysis [41]. Aspirin, often 
prescribed to HD patients for cardiovascular primary or 
secondary event prevention, has an amplified impact on 
hemostasis compared to healthy individuals [42]. Finally, 
anticoagulation (most often heparin-based) used during 
HD to prevent blood clotting in the extracorporeal circuit 
also contributes to the pro-hemorrhagic milieu. 

The risk of bleeding in CKD and, especially, HD patients 
is higher compared to the general population. For instance, 
a retrospective cohort study with 11 000 patients (>80% 
on HD) found that the annualized incidence of hospitali-
zation for bleeding was 5.3 per 100 patient-years [43] The 
most frequent bleeding site was the lower gastrointestinal 
(GI) tract, with an incidence of 3.1 per 100 patient-years, 
followed by upper GI bleeding (2.1 per 100 patient- 
-years) and intra-cerebral and subarachnoid bleeding 
(0.3 per 100 patient-years). In another prospective co-
hort study with nearly 50 000 patients, the observed 
rate of bleeding requiring hospitalization was 8 per 
100 patients-years [44]. Bleeding rates were dramatically 
higher in HD patients with a history of GI bleeding in 
the past 12 months. A prospective cohort study of over 
200 000 European dialysis patients (84% on hemodial-
ysis) found a 12.8-fold increased risk of death caused 
by bleeding compared to the general population [45]. 
In this cohort, older age at the start of dialysis, primary 
kidney diseases including renal vascular disease, AH, and 
diabetes mellitus were all associated with an increased 
risk of bleeding. Older age and associated frailty affect 
outcomes of anticoagulated patients, irrespective of renal 
function [46]. A meta-analysis of studies on anticoagula-
tion in elderly (age ≥65 years) AF patients with CKD found 
similar rates of ischemic stroke/transient ischemic attack 
in anticoagulated vs. nonanticoagulated patients (risk 
ratio [RR], 1.18; 95% confidence interval [CI], 0.88–1.58 for 

dialysis patients) and increased risk of bleeding in dialysis 
(RR, 1.37; 95% CI, 1.09–1.74) but not in non-dialysis patients 
[47]. Another large cohort study of HD patients found that 
current smoking, history of coronary vascular disease, and 
inability to walk without assistance (a sign of overall frailty) 
were predictive of upper GI bleeding [48].

An observational study of over 200 000 dialysis patients 
examined death caused by bleeding and stroke and com-
pared the data to the general population [49]. The study 
found that bleeding-associated mortality was 12.8 times 
higher, and stroke-related mortality was 12.4 times high-
er than in the general population. On an absolute scale, 
however, mortality rates for bleeding were lower than for 
stroke (6.2 vs. 14.3 per 1000 person-years, respectively). 

STROKE AND BLEEDING  
RISK-STRATIFICATION SCORES  

IN HEMODIALYSIS PATIENTS
In non-CKD patients, the CHA2DS2-VASc score has become 
a standard for stroke risk stratification in patients with AF 
and is widely used in decision-making [50, 51]. Data on the 
usefulness of CHA2DS2-VASc in CKD patients are far less 
substantial than for non-CKD patients; nonetheless, studies 
have confirmed that higher CHA2DS2-VASc scores are also 
associated with higher stroke risk in HD patients. A Tai-
wanese study examined the predicted risk accuracy of 
CHA2DS2-VASc scores in 11 000 non-anticoagulated HD 
patients with AF; the authors found that an increased score 
significantly predicted stroke risk [52]. In HD patients, the 
median score was 5; but importantly only 3.8% of this HD 
population had a score of 0 or 1 (compared to 20% in the 
population in which the scores were validated) [53]. Addi-
tionally, even low-risk patients (CHA2DS2-VASc score = 0) 
had an annualized risk of ischemic stroke of 2.1 per 100 pa-
tient-years. Thus, the score is not considered useful in clin-
ical practice since its aim is to differentiate between low 
and high-stroke-risk patients (to accordingly start, or not, 
anticoagulation treatment), and most HD patients are 
automatically deemed to be at high risk.

The situation is even more complicated for scoring 
systems predicting bleeding risk, and evidence to support 
routine use of bleeding risk scores in HD patients is lacking. 
Two prospective cohort studies performed in 1745 and 
625 patients showed that established bleeding risk scores 
(such as HAS-BLED, ATRIA, HEMORR2HAGES, and others), per-
formed poorly in predicting future bleeding events [54, 55]. 

RATE AND RHYTHM CONTROL STRATEGIES 
IN HEMODIALYSIS PATIENTS 

In the general population without CKD, the clear prognostic 
benefit of rhythm control strategies was confirmed in rand-
omized studies only in patients with left ventricular dysfunc-
tion. Therefore, in patients with preserved left ventricular 
function, the rhythm control strategy is recommended 
primarily to improve symptoms related to AF. Due to the 
absence of specific evidence for the CKD population, the 
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general recommendations are not different from the recom-
mendations for the non-CKD population. Nonetheless, due 
to important distinctions in CKD patients (i.e., altered drug 
elimination or possible renal improvement in sinus rhythm), 
the following paragraph sums up the treatment possibilities 
of the rhythm control strategy in CKD patients.

With regard to antiarrhythmic drugs, amiodarone does 
not require dose-renal function adjustment, nor does 
propafenone, which should, however, be dosed with cau-
tion in advanced CKD, and ECG and plasma level monitor-
ing is recommended. On the other hand, dronedarone and 
sotalol are contraindicated in advanced CKD, and flecainide 
requires careful dosing with plasma level monitoring [56]. 

Electrical cardioversion has a high success rate in acute 
rhythm control, but the maintenance of sinus rhythm (SR) 
in the long-term is low and the presence of CKD or even 
HD presents a very significant negative prognostic factor 
in SR maintenance [57] Compared to patients with normal 
eGFR, patients with eGFR less than 30 ml/min/1.73 m2 have 
a 5-fold higher risk of AF recurrence within one year. 

Catheter ablation presents the most effective treatment 
modality for the AF rhythm control strategy. No randomized 
study compared the effect of antiarrhythmics to catheter 
ablation specifically in the population of CKD patients. How-
ever, data from observational studies have shown that the 
efficacy of catheter ablation is approximately 2-fold lower 
in patients with advanced CKD compared to the general 
population. In the meta-analysis of observational studies 
by Chung et al. [58], patients with CKD had a significantly 
higher risk of AF recurrence (RR, 2.34; 95% CI, 1.36–4.02; 
P <0.01). The risk of AF recurrence continuously increases 
with decreasing renal function. Furthermore, patients with 
less impaired renal function (CKD 3) compared to the more 
severely impaired (CKD 4–5) not only have a better effect in 
terms of SR maintenance but also an improvement in renal 
function was observed in patients who maintained SR. For 
instance, in the cohort of 368 CKD-3 patients published by 
Takahashi et al., freedom from AF achieved by catheter ab-
lation was associated with eGFR improvement, and similar 
findings were reported by others [59, 60] 

In conclusion, catheter ablation in CKD patients should 
be considered in the same circumstances as in the general 
population, i.e., with the presence of symptoms or with left 
ventricular dysfunction. If catheter ablation is considered, it 
should not be postponed but performed in the early stages 
of renal impairment due to better efficacy and a chance of 
improving renal function due to SR maintenance. 

STRATEGIES TO PREVENT  
ATRIAL-FIBRILLATION-RELATED STROKE  

IN KIDNEY FAILURE PATIENTS

Vitamin K antagonists
In non-CKD patients, the effect of vitamin K antagonists 
(VKAs; namely warfarin), was tested in several randomized 
studies, and all of them confirmed the superiority of VKA 

over placebo in terms of ischemic stroke reduction. Unfor-
tunately, stage 4 and 5 CKD and HD patients were excluded 
from these seminal trials. 

As such, the effect of VKAs in kidney failure patients has 
only been assessed using observational studies, and often 
with conflicting results. A meta-analysis of 15 observational 
studies with nearly 50 000 patients (22% on warfarin) 
showed that warfarin use, compared to no anticoagulation, 
was not associated with a significant reduction in ischemic 
strokes (hazard ratio [HR], 0.96; 95% CI, 0.82–1.13) and had 
no effect on mortality (HR, 0.95; 95% CI, 0.83–1.09) [61]. 
The risk of hemorrhagic stroke was significantly increased 
(HR, 1.49; 95% CI, 1.03–1.94), but surprisingly, the increase 
of all-cause major bleeding did not reach statistical sig-
nificance (HR, 1.2; 95% CI, 0.99–1.47). In another obser-
vational study of older dialysis patients (over 65 years), 
a significant increase in major bleeding was reported [62]. 
VKA treatment must be interpreted relative to long-term 
international normalized ratio values; a higher time in the 
therapeutic range (TTR) is associated with a reduction in 
the number of strokes [63]. Real-world data show that 
international normalized ratio values in dialysis patients 
are often subtherapeutic, with a low TTR even in closely 
monitored clinical trial patients [64]. In addition, a rare 
but serious complication in kidney failure is calcific uremic 
arteriolopathy (sometimes wrongly called calciphylaxis).  
It presents as extensive, painful ischemic skin lesions 
caused by skin arteriole wall calcification and obstruction, 
with 1-year mortality nearing 50% [65]. Warfarin treatment 
is linked to this condition and is possibly causal, with VKAs 
antagonizing the action of matrix Gla protein (MGP), a pro-
tein that inhibits arterial wall calcification. 

Direct oral anticoagulants in renal kidney 
patients
In the non-CKD population, direct oral anticoagulants 
(DOACs) have replaced VKAs due to similar efficacy in terms 
of ischemic stroke reduction, and a significantly lower 
intracranial bleeding risk. All DOACs are excreted by the 
kidneys to some extent, with approximate renal clearance 
being 80% for dabigatran, 50% for edoxaban, 35% for ri-
varoxaban, and 25% for apixaban [66]. Furthermore, 60% 
of dabigatran, 9% of edoxaban, 7% of apixaban, and 1% of 
rivaroxaban are removed by hemodialysis. Essentially, from 
the pharmacokinetic perspective, apixaban presents the 
potentially most favorable DOAC for CKD patients. 

Regrettably, patients with advanced CKD (i.e., 
CrCl <30 ml/min; <25 ml/min for apixaban) have been 
excluded from the landmark trials. Table 1 summarizes 
currently completed randomized trials on anticoagulation 
strategies in HD patients.

Apixaban — the most promising DOAC  
in hemodialysis patients
Due to its aforementioned pharmacokinetics, apixaban has 
garnered the greatest attention in the search for the “best” 
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general recommendations are not different from the recom-
mendations for the non-CKD population. Nonetheless, due 
to important distinctions in CKD patients (i.e., altered drug 
elimination or possible renal improvement in sinus rhythm), 
the following paragraph sums up the treatment possibilities 
of the rhythm control strategy in CKD patients.

With regard to antiarrhythmic drugs, amiodarone does 
not require dose-renal function adjustment, nor does 
propafenone, which should, however, be dosed with cau-
tion in advanced CKD, and ECG and plasma level monitor-
ing is recommended. On the other hand, dronedarone and 
sotalol are contraindicated in advanced CKD, and flecainide 
requires careful dosing with plasma level monitoring [56]. 

Electrical cardioversion has a high success rate in acute 
rhythm control, but the maintenance of sinus rhythm (SR) 
in the long-term is low and the presence of CKD or even 
HD presents a very significant negative prognostic factor 
in SR maintenance [57] Compared to patients with normal 
eGFR, patients with eGFR less than 30 ml/min/1.73 m2 have 
a 5-fold higher risk of AF recurrence within one year. 

Catheter ablation presents the most effective treatment 
modality for the AF rhythm control strategy. No randomized 
study compared the effect of antiarrhythmics to catheter 
ablation specifically in the population of CKD patients. How-
ever, data from observational studies have shown that the 
efficacy of catheter ablation is approximately 2-fold lower 
in patients with advanced CKD compared to the general 
population. In the meta-analysis of observational studies 
by Chung et al. [58], patients with CKD had a significantly 
higher risk of AF recurrence (RR, 2.34; 95% CI, 1.36–4.02; 
P <0.01). The risk of AF recurrence continuously increases 
with decreasing renal function. Furthermore, patients with 
less impaired renal function (CKD 3) compared to the more 
severely impaired (CKD 4–5) not only have a better effect in 
terms of SR maintenance but also an improvement in renal 
function was observed in patients who maintained SR. For 
instance, in the cohort of 368 CKD-3 patients published by 
Takahashi et al., freedom from AF achieved by catheter ab-
lation was associated with eGFR improvement, and similar 
findings were reported by others [59, 60] 

In conclusion, catheter ablation in CKD patients should 
be considered in the same circumstances as in the general 
population, i.e., with the presence of symptoms or with left 
ventricular dysfunction. If catheter ablation is considered, it 
should not be postponed but performed in the early stages 
of renal impairment due to better efficacy and a chance of 
improving renal function due to SR maintenance. 

STRATEGIES TO PREVENT  
ATRIAL-FIBRILLATION-RELATED STROKE  

IN KIDNEY FAILURE PATIENTS

Vitamin K antagonists
In non-CKD patients, the effect of vitamin K antagonists 
(VKAs; namely warfarin), was tested in several randomized 
studies, and all of them confirmed the superiority of VKA 

over placebo in terms of ischemic stroke reduction. Unfor-
tunately, stage 4 and 5 CKD and HD patients were excluded 
from these seminal trials. 

As such, the effect of VKAs in kidney failure patients has 
only been assessed using observational studies, and often 
with conflicting results. A meta-analysis of 15 observational 
studies with nearly 50 000 patients (22% on warfarin) 
showed that warfarin use, compared to no anticoagulation, 
was not associated with a significant reduction in ischemic 
strokes (hazard ratio [HR], 0.96; 95% CI, 0.82–1.13) and had 
no effect on mortality (HR, 0.95; 95% CI, 0.83–1.09) [61]. 
The risk of hemorrhagic stroke was significantly increased 
(HR, 1.49; 95% CI, 1.03–1.94), but surprisingly, the increase 
of all-cause major bleeding did not reach statistical sig-
nificance (HR, 1.2; 95% CI, 0.99–1.47). In another obser-
vational study of older dialysis patients (over 65 years), 
a significant increase in major bleeding was reported [62]. 
VKA treatment must be interpreted relative to long-term 
international normalized ratio values; a higher time in the 
therapeutic range (TTR) is associated with a reduction in 
the number of strokes [63]. Real-world data show that 
international normalized ratio values in dialysis patients 
are often subtherapeutic, with a low TTR even in closely 
monitored clinical trial patients [64]. In addition, a rare 
but serious complication in kidney failure is calcific uremic 
arteriolopathy (sometimes wrongly called calciphylaxis).  
It presents as extensive, painful ischemic skin lesions 
caused by skin arteriole wall calcification and obstruction, 
with 1-year mortality nearing 50% [65]. Warfarin treatment 
is linked to this condition and is possibly causal, with VKAs 
antagonizing the action of matrix Gla protein (MGP), a pro-
tein that inhibits arterial wall calcification. 

Direct oral anticoagulants in renal kidney 
patients
In the non-CKD population, direct oral anticoagulants 
(DOACs) have replaced VKAs due to similar efficacy in terms 
of ischemic stroke reduction, and a significantly lower 
intracranial bleeding risk. All DOACs are excreted by the 
kidneys to some extent, with approximate renal clearance 
being 80% for dabigatran, 50% for edoxaban, 35% for ri-
varoxaban, and 25% for apixaban [66]. Furthermore, 60% 
of dabigatran, 9% of edoxaban, 7% of apixaban, and 1% of 
rivaroxaban are removed by hemodialysis. Essentially, from 
the pharmacokinetic perspective, apixaban presents the 
potentially most favorable DOAC for CKD patients. 

Regrettably, patients with advanced CKD (i.e., 
CrCl <30 ml/min; <25 ml/min for apixaban) have been 
excluded from the landmark trials. Table 1 summarizes 
currently completed randomized trials on anticoagulation 
strategies in HD patients.

Apixaban — the most promising DOAC  
in hemodialysis patients
Due to its aforementioned pharmacokinetics, apixaban has 
garnered the greatest attention in the search for the “best” 
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anticoagulant in HD patients. A pharmacokinetic study in 
eight HD patients found that apixaban 2.5 mg b.i.d. resulted 
in a comparable drug exposure as the standard dose (5 mg 
b.i.d.) in patients without renal impairment; however, 
5 mg b.i.d. in HD patients produced supratherapeutic lev-
els [67]. A retrospective cohort study of over 25 thousand 
Medicare beneficiaries with kidney disease and anticoag-
ulation for AF compared apixaban and warfarin patients 
matched at a ratio of 1:3 based on prognostic scores (dab-
igatran and rivaroxaban prescriptions were negligible and 
thus not tracked) [68]. There was no difference in stroke and 
systemic embolism (SSE) between apixaban and warfarin 
(HR, 0.88; 95% CI, 0.69–1.12), but apixaban was associated 
with significantly lower risk of major bleeding (HR, 0.72; 
95% CI, 0.59–0.87). In sensitivity analyses, the standard 
dose of apixaban was associated with significantly lower 
risk of SSE and death compared to the reduced dose or 
warfarin treatment. This study served as the background 
for the American Heart Association/American College of 
Cardiology/Heart Rhythm Society (AHA/ACC/HRS) guide-
lines recommending the use of standard-dose apixaban 
in HD patients [51]. Due to the observational nature of the 
study, these results must be interpreted cautiously. The 
positive effect of the higher (i.e., standard) dose may be 
explained by selection bias caused by prescribing standard 
doses of apixaban to healthier patients who are less prone 

to bleeding (and vice versa), along with an overall worse 
prognosis for patients meeting criteria for dose reduction. 

A later smaller retrospective study analyzed outcomes 
in 500 HD patients receiving apixaban and 1500 matched 
non-anticoagulated HD patients [69]. Compared to no anti-
coagulation, apixaban did not lower the risk of new stroke 
(ischemic or hemorrhagic), transient ischemic attack, or 
systemic embolism. However, treatment with apixaban was 
associated with a 2.7 higher risk of fatal/intracranial bleed-
ing, with rates translating to fatal/intracranial bleeding oc-
curring in 1 in 30 patients on apixaban per year. In subgroup 
analyses, a significantly higher rate of SSE and a significantly 
higher incidence of fatal or intracranial bleeding was seen 
in the subgroup of patients treated with the standard dose, 
compared to no anticoagulation at all. This did not apply 
to the reduced dose. As in the previous study, apixaban 
was connected to lower all-cause mortality. However, the 
authors also analyzed the incidence of hip fractures and 
pneumonia, which were lower in apixaban-treated pa-
tients. Since these clinical events are definitively associated 
with frailty and cannot be directly affected by apixaban, it 
emphasizes the systematic selection bias associated with 
the observational nature of the study. 

The first randomized trial addressing anticoagulation 
strategies in HD patients was the RENAL-AF trial [70]. 
Study details can be found in Table 1. This trial enrolled 

Table 1. Published randomized studies on anticoagulation strategies in dialysis patients  

First author, 
study name

Cohort Comparison 
(number  

of patient)

Endpoints Outcomes and conclusions Comment

De Vriese et al.
The Valkyrie study 
(76) 

HD patients
Mean  

CHA2DS2-VASc 
score = 5

VKA n = 44
vs.

rivaroxaban  
n = 45

vs.
rivaroxaban + 

vitamin K2 = 42

Primary: vascular calcification 
measures

Secondary: mortality, stroke, 
bleeding, modified MACE,  

valve calcification

No significant changes in vascular 
calcification.

All cause death, stroke, and  
cardiovascular event rates similar  

between the groups.
Bleeding outcomes not significantly 

different (except for a lower number of 
life-threatening and

major bleeding episodes  
in rivaroxaban arms vs. VKA arm)

Not designed 
or powered to 

compare VKA vs. 
DOAC in stroke 
prevention or 

bleeding

Pokorney et al.
Renal-AF trial 
(70)

HD patients
Mean 

 CHA2DS2-VASc 
score = 4.5

Apixaban n = 82
vs.

VKA n = 72

Primary: major or clinically 
relevant nonmajor bleeding 

(ISTH definitions)
Secondary: SSE, death,  
medication adherence,  

pharmacokinetics

Trial stopped prematurely for enrollment 
challenges

Inadequate power to draw conclusions 
regarding primary bleeding outcomes

Clinically relevant bleeding events were 
≈10-fold more frequent than  
stroke or systemic embolism

Death was the most common major 
event in the apixaban and warfarin arms
The AUC for the 2.5 mg dose in RENAL-AF 

did not differ from the AUC for patients 
with eCrCl ≥15 and <90 ml/min  

from the ARISTOTLE trial

Initial targeted 
sample size  
762 patients
Reduce dose 

apixaban in 29% 
of apixaban 

patient.
Median TTR in 

VKA patient  
= 44%

Reinecke et al.
The AXADIA-AF-
NET 8 Study (64)

HD patients
Mean  

CHA2DS2-VASc 
score = 4.0

Apixaban n =48
vs.

VKA n = 49

Primary: composite of all-cause 
death, major bleeding, clinically 

relevant nonmajor bleeding 
(ISTH definitions)

Secondary: composite of MI, 
ischemic stroke, all cause death, 

DVT, PE

No significant differences in primary or 
secondary outcomes

Non-inferiority of apixaban could not be 
shown because of insufficient enrollment

Original sample 
size 222 patients

Median TTR in 
VKA patients  

= 50.7%

Abbreviations: DVT, deep vein thrombosis; HD, hemodialysis; ISTH, International Society on Thrombosis and Haemostasis; MACE, major adverse cardiovascular events;  
MI, myocardial infarction; PD, peritoneal dialysis; PE, pulmonary embolism; SSE, stroke and systemic embolism; TTR, time in therapeutic range; VKA, vitamin K antagonist
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anticoagulant in HD patients. A pharmacokinetic study in 
eight HD patients found that apixaban 2.5 mg b.i.d. resulted 
in a comparable drug exposure as the standard dose (5 mg 
b.i.d.) in patients without renal impairment; however, 
5 mg b.i.d. in HD patients produced supratherapeutic lev-
els [67]. A retrospective cohort study of over 25 thousand 
Medicare beneficiaries with kidney disease and anticoag-
ulation for AF compared apixaban and warfarin patients 
matched at a ratio of 1:3 based on prognostic scores (dab-
igatran and rivaroxaban prescriptions were negligible and 
thus not tracked) [68]. There was no difference in stroke and 
systemic embolism (SSE) between apixaban and warfarin 
(HR, 0.88; 95% CI, 0.69–1.12), but apixaban was associated 
with significantly lower risk of major bleeding (HR, 0.72; 
95% CI, 0.59–0.87). In sensitivity analyses, the standard 
dose of apixaban was associated with significantly lower 
risk of SSE and death compared to the reduced dose or 
warfarin treatment. This study served as the background 
for the American Heart Association/American College of 
Cardiology/Heart Rhythm Society (AHA/ACC/HRS) guide-
lines recommending the use of standard-dose apixaban 
in HD patients [51]. Due to the observational nature of the 
study, these results must be interpreted cautiously. The 
positive effect of the higher (i.e., standard) dose may be 
explained by selection bias caused by prescribing standard 
doses of apixaban to healthier patients who are less prone 

to bleeding (and vice versa), along with an overall worse 
prognosis for patients meeting criteria for dose reduction. 

A later smaller retrospective study analyzed outcomes 
in 500 HD patients receiving apixaban and 1500 matched 
non-anticoagulated HD patients [69]. Compared to no anti-
coagulation, apixaban did not lower the risk of new stroke 
(ischemic or hemorrhagic), transient ischemic attack, or 
systemic embolism. However, treatment with apixaban was 
associated with a 2.7 higher risk of fatal/intracranial bleed-
ing, with rates translating to fatal/intracranial bleeding oc-
curring in 1 in 30 patients on apixaban per year. In subgroup 
analyses, a significantly higher rate of SSE and a significantly 
higher incidence of fatal or intracranial bleeding was seen 
in the subgroup of patients treated with the standard dose, 
compared to no anticoagulation at all. This did not apply 
to the reduced dose. As in the previous study, apixaban 
was connected to lower all-cause mortality. However, the 
authors also analyzed the incidence of hip fractures and 
pneumonia, which were lower in apixaban-treated pa-
tients. Since these clinical events are definitively associated 
with frailty and cannot be directly affected by apixaban, it 
emphasizes the systematic selection bias associated with 
the observational nature of the study. 

The first randomized trial addressing anticoagulation 
strategies in HD patients was the RENAL-AF trial [70]. 
Study details can be found in Table 1. This trial enrolled 

Table 1. Published randomized studies on anticoagulation strategies in dialysis patients  

First author, 
study name

Cohort Comparison 
(number  

of patient)

Endpoints Outcomes and conclusions Comment

De Vriese et al.
The Valkyrie study 
(76) 

HD patients
Mean  

CHA2DS2-VASc 
score = 5

VKA n = 44
vs.

rivaroxaban  
n = 45

vs.
rivaroxaban + 

vitamin K2 = 42

Primary: vascular calcification 
measures

Secondary: mortality, stroke, 
bleeding, modified MACE,  

valve calcification

No significant changes in vascular 
calcification.

All cause death, stroke, and  
cardiovascular event rates similar  

between the groups.
Bleeding outcomes not significantly 

different (except for a lower number of 
life-threatening and

major bleeding episodes  
in rivaroxaban arms vs. VKA arm)

Not designed 
or powered to 

compare VKA vs. 
DOAC in stroke 
prevention or 

bleeding

Pokorney et al.
Renal-AF trial 
(70)

HD patients
Mean 

 CHA2DS2-VASc 
score = 4.5

Apixaban n = 82
vs.

VKA n = 72

Primary: major or clinically 
relevant nonmajor bleeding 

(ISTH definitions)
Secondary: SSE, death,  
medication adherence,  

pharmacokinetics

Trial stopped prematurely for enrollment 
challenges

Inadequate power to draw conclusions 
regarding primary bleeding outcomes

Clinically relevant bleeding events were 
≈10-fold more frequent than  
stroke or systemic embolism

Death was the most common major 
event in the apixaban and warfarin arms
The AUC for the 2.5 mg dose in RENAL-AF 

did not differ from the AUC for patients 
with eCrCl ≥15 and <90 ml/min  

from the ARISTOTLE trial

Initial targeted 
sample size  
762 patients
Reduce dose 

apixaban in 29% 
of apixaban 

patient.
Median TTR in 

VKA patient  
= 44%

Reinecke et al.
The AXADIA-AF-
NET 8 Study (64)

HD patients
Mean  

CHA2DS2-VASc 
score = 4.0

Apixaban n =48
vs.

VKA n = 49

Primary: composite of all-cause 
death, major bleeding, clinically 

relevant nonmajor bleeding 
(ISTH definitions)

Secondary: composite of MI, 
ischemic stroke, all cause death, 

DVT, PE

No significant differences in primary or 
secondary outcomes

Non-inferiority of apixaban could not be 
shown because of insufficient enrollment

Original sample 
size 222 patients

Median TTR in 
VKA patients  

= 50.7%

Abbreviations: DVT, deep vein thrombosis; HD, hemodialysis; ISTH, International Society on Thrombosis and Haemostasis; MACE, major adverse cardiovascular events;  
MI, myocardial infarction; PD, peritoneal dialysis; PE, pulmonary embolism; SSE, stroke and systemic embolism; TTR, time in therapeutic range; VKA, vitamin K antagonist
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HD patients with AF and randomized them to apixaban 
or warfarin treatment. The primary endpoints were stroke 
or clinically relevant non-major bleeding; secondary 
outcomes were stroke, mortality, and apixaban phar-
macokinetics. Unfortunately, the trial was stopped pre-
maturely due to slow enrollment (the target sample was 
760 patients, but only 154 patients were enrolled), which 
resulted in a lack of statistical power. Nevertheless, several 
findings from the study are noteworthy. Pharmacokinetic 
data revealed that the standard dose of 2 × 5 mg in HD 
patients in the RENAL-AF study resulted in significantly 
higher area under the curve (AUC) 0–12 values (12-hour 
area under the curve; a pharmacokinetic measure de-
scribing maximum exposure to the drug on a non-dial-
ysis day) than in patients on the same dose of apixaban 
but with normal renal function in the ARISTOTLE trial. 
Interestingly, the AUC of patients on 2 × 5  mg apixaban 
on HD in the RENAL study was similar to the AUC of CKD 
3b-4 patients on 2 × 5 mg apixaban in the ARISTOTLE trial, 
but CKD 5 patients without HD on apixaban 2 × 5 mg in 
the ARISTOTLE had an even higher AUC than HD patients 
on apixaban 2 × 5 mg in the RENAL study. On the other 
hand and very importantly, the AUC of apixaban at 
2.5 mg dose in HD patients in the RENAL-AF study did not 
differ from the AUC of 2.5 mg dose in patients with only 
mild CKD in the ARISTOTLE trial. Interestingly, there was 
a relation between pharmacokinetic values of patients 
with and without bleeding, whereas higher levels of 
apixaban correlated with more bleeding and vice versa. 
In the RENAL AF study, the primary outcome of major 
or clinically relevant non-major bleeding (as defined by 
the International Society on Thrombosis and Hemosta-
sis) occurred at similar frequencies in both groups, i.e., 
26% of patients on apixaban and 22% of patients on 
warfarin, which documented the high risk of bleeding in 
this population. There was only one hemorrhagic stroke 
in each group. SSE occurred in 3% of apixaban patients 
and 3.3% of warfarin patients. Bleeding was 10-fold more 
frequent than SSE, and HD access site bleeding events 
comprised the majority of clinically relevant non-major 
bleeding. The use of a standardized bleeding definition in 
this study must be appreciated since many observational 
studies use different definitions of bleeding and bleed-
ing severity, thus hindering data comparison. The low 
and slow enrollment seen in RENAL-AF is, unfortunately, 
common in trials with HD patients. In the RENAL-AF trial, 
a partial explanation for its insufficient enrollment was 
that some patients were not deemed suitable for the trial 
by their treating physicians (a factor that can potentially 
introduce an unintended selection bias). The situation in 
which physicians prevent patients from participating in 
trials because they are deemed “clinically unstable” has 
also been seen in other HD trials [71]. HD patients also 
experience a high burden of treatment side effects, which 
partially explains the high drop-out rates, leading to re-

duced statistical power [71, 72]. Moreover, high mortality 
in this group is one of the leading causes of low retention 
rates in trials involving HD patients.

AXADIA-AFNET 8 is the most recent randomized trial 
on stroke prevention in HD patients with AF [64]. As with 
the RENAL-AF trial, the study also suffered from insufficient 
enrollment (for details, see Table 1). In this trial, HD patients 
were randomized either to reduced-dose apixaban or 
warfarin treatment. The annualized incidence of the pri-
mary outcome, i.e., International Society on Thrombosis 
and Haemostasis major/non-major bleeding or all-cause 
death, was similar in both groups and occurred in 36.1% of 
apixaban patients and 36.6% of warfarin patients. All-cause 
mortality was also similar between groups (14.8%/year in 
the apixaban group vs. 17.6%/year in the warfarin group). 
However, due to insufficient enrollment, apixaban did not 
meet the non-inferiority criteria. 

Rivaroxaban in hemodialysis patients
After apixaban, rivaroxaban is the second most studied 
DOAC in stroke prevention in HD patients, also due to its 
relatively low renal clearance (30%) and very low hemo-
dialysis removal (<1%). In the largest observational study 
comparing 1896 stage 4 or 5 CKD patients (88% on HD), 
rivaroxaban (39% on reduced doses) did not significantly 
reduce the risk of SSE but was associated with a signifi-
cant reduction in major bleeding compared to warfarin 
[73]. On the contrary, a smaller observational study com-
paring (n = 173) these two drugs found similar rates of 
major bleeding but lower rates of SSE (90% of patients on 
reduced-dose rivaroxaban) [74]. A multinational observa-
tional registry of 1461 patients with advanced CKD (eGFR 
between 15 and 49 ml/min/1.73 m2) compared outcomes 
of AF patients treated with rivaroxaban vs. warfarin. After 
one year of follow-up, rivaroxaban was associated with net 
clinical benefit, lower event rates for stroke, major bleed-
ing, and all-cause mortality [75]. However, the study was 
observation and non-randomized, and again, the results 
have to be interpreted with caution. 

The Valkyrie study was so far the only randomized study 
to compare the effect of VKAs and rivaroxaban on vascular 
calcifications and observe SSE and bleeding as secondary 
outcomes [76]. Patients (n = 143) were randomized to 
VKA, rivaroxaban 10 mg, or rivaroxaban 10 mg + vitamin 
K2 supplement treatment. The 10 mg dose was chosen 
based on a pharmacokinetics study by the same group, 
which showed similar drug exposure of rivaroxaban 10 mg 
in HD patients compared to healthy individuals, with no 
accumulation after multi-day dosing [77]. The primary 
outcome (extent of vascular calcifications) did not differ 
between the two groups. Interestingly, the rate of stroke 
was also similar in the groups. A significantly smaller 
number of life-threatening and major bleeding episodes 
was observed in rivaroxaban compared to VKA-treated 
patients. Analogous to other studies, the bleeding rate 
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HD patients with AF and randomized them to apixaban 
or warfarin treatment. The primary endpoints were stroke 
or clinically relevant non-major bleeding; secondary 
outcomes were stroke, mortality, and apixaban phar-
macokinetics. Unfortunately, the trial was stopped pre-
maturely due to slow enrollment (the target sample was 
760 patients, but only 154 patients were enrolled), which 
resulted in a lack of statistical power. Nevertheless, several 
findings from the study are noteworthy. Pharmacokinetic 
data revealed that the standard dose of 2 × 5 mg in HD 
patients in the RENAL-AF study resulted in significantly 
higher area under the curve (AUC) 0–12 values (12-hour 
area under the curve; a pharmacokinetic measure de-
scribing maximum exposure to the drug on a non-dial-
ysis day) than in patients on the same dose of apixaban 
but with normal renal function in the ARISTOTLE trial. 
Interestingly, the AUC of patients on 2 × 5  mg apixaban 
on HD in the RENAL study was similar to the AUC of CKD 
3b-4 patients on 2 × 5 mg apixaban in the ARISTOTLE trial, 
but CKD 5 patients without HD on apixaban 2 × 5 mg in 
the ARISTOTLE had an even higher AUC than HD patients 
on apixaban 2 × 5 mg in the RENAL study. On the other 
hand and very importantly, the AUC of apixaban at 
2.5 mg dose in HD patients in the RENAL-AF study did not 
differ from the AUC of 2.5 mg dose in patients with only 
mild CKD in the ARISTOTLE trial. Interestingly, there was 
a relation between pharmacokinetic values of patients 
with and without bleeding, whereas higher levels of 
apixaban correlated with more bleeding and vice versa. 
In the RENAL AF study, the primary outcome of major 
or clinically relevant non-major bleeding (as defined by 
the International Society on Thrombosis and Hemosta-
sis) occurred at similar frequencies in both groups, i.e., 
26% of patients on apixaban and 22% of patients on 
warfarin, which documented the high risk of bleeding in 
this population. There was only one hemorrhagic stroke 
in each group. SSE occurred in 3% of apixaban patients 
and 3.3% of warfarin patients. Bleeding was 10-fold more 
frequent than SSE, and HD access site bleeding events 
comprised the majority of clinically relevant non-major 
bleeding. The use of a standardized bleeding definition in 
this study must be appreciated since many observational 
studies use different definitions of bleeding and bleed-
ing severity, thus hindering data comparison. The low 
and slow enrollment seen in RENAL-AF is, unfortunately, 
common in trials with HD patients. In the RENAL-AF trial, 
a partial explanation for its insufficient enrollment was 
that some patients were not deemed suitable for the trial 
by their treating physicians (a factor that can potentially 
introduce an unintended selection bias). The situation in 
which physicians prevent patients from participating in 
trials because they are deemed “clinically unstable” has 
also been seen in other HD trials [71]. HD patients also 
experience a high burden of treatment side effects, which 
partially explains the high drop-out rates, leading to re-

duced statistical power [71, 72]. Moreover, high mortality 
in this group is one of the leading causes of low retention 
rates in trials involving HD patients.

AXADIA-AFNET 8 is the most recent randomized trial 
on stroke prevention in HD patients with AF [64]. As with 
the RENAL-AF trial, the study also suffered from insufficient 
enrollment (for details, see Table 1). In this trial, HD patients 
were randomized either to reduced-dose apixaban or 
warfarin treatment. The annualized incidence of the pri-
mary outcome, i.e., International Society on Thrombosis 
and Haemostasis major/non-major bleeding or all-cause 
death, was similar in both groups and occurred in 36.1% of 
apixaban patients and 36.6% of warfarin patients. All-cause 
mortality was also similar between groups (14.8%/year in 
the apixaban group vs. 17.6%/year in the warfarin group). 
However, due to insufficient enrollment, apixaban did not 
meet the non-inferiority criteria. 

Rivaroxaban in hemodialysis patients
After apixaban, rivaroxaban is the second most studied 
DOAC in stroke prevention in HD patients, also due to its 
relatively low renal clearance (30%) and very low hemo-
dialysis removal (<1%). In the largest observational study 
comparing 1896 stage 4 or 5 CKD patients (88% on HD), 
rivaroxaban (39% on reduced doses) did not significantly 
reduce the risk of SSE but was associated with a signifi-
cant reduction in major bleeding compared to warfarin 
[73]. On the contrary, a smaller observational study com-
paring (n = 173) these two drugs found similar rates of 
major bleeding but lower rates of SSE (90% of patients on 
reduced-dose rivaroxaban) [74]. A multinational observa-
tional registry of 1461 patients with advanced CKD (eGFR 
between 15 and 49 ml/min/1.73 m2) compared outcomes 
of AF patients treated with rivaroxaban vs. warfarin. After 
one year of follow-up, rivaroxaban was associated with net 
clinical benefit, lower event rates for stroke, major bleed-
ing, and all-cause mortality [75]. However, the study was 
observation and non-randomized, and again, the results 
have to be interpreted with caution. 

The Valkyrie study was so far the only randomized study 
to compare the effect of VKAs and rivaroxaban on vascular 
calcifications and observe SSE and bleeding as secondary 
outcomes [76]. Patients (n = 143) were randomized to 
VKA, rivaroxaban 10 mg, or rivaroxaban 10 mg + vitamin 
K2 supplement treatment. The 10 mg dose was chosen 
based on a pharmacokinetics study by the same group, 
which showed similar drug exposure of rivaroxaban 10 mg 
in HD patients compared to healthy individuals, with no 
accumulation after multi-day dosing [77]. The primary 
outcome (extent of vascular calcifications) did not differ 
between the two groups. Interestingly, the rate of stroke 
was also similar in the groups. A significantly smaller 
number of life-threatening and major bleeding episodes 
was observed in rivaroxaban compared to VKA-treated 
patients. Analogous to other studies, the bleeding rate 
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was substantially higher than the stroke rate (22/100 per-
son-years vs. 1.22/100 person-years, respectively). It should 
be noted that the study was not designed or powered to 
compare DOACs vs. VKAs in HD patients.

Low-molecular-weight heparins 
Low-molecular-weight heparin (LMWH), typically given as 
a single intravenous bolus into the arterial limb when start-
ing dialysis, is used to prevent blood clot formation in the 
extracorporeal dialysis circuit. LMWH application on non-
HD days is also used as a primary stroke prevention strategy 
for specific patients (in the US and Austria) and is the most 
preferred option, for instance, in the Czech Republic [78, 
79]. However, there is no evidence to support this praxis. 

Novel therapeutic stroke prevention approaches 
Two promising novel therapeutic approaches are currently 
being tested. The first is a pharmacological intervention 
that enompasses of coagulation factor (F)XI inhibition. 
The development of synthetic FXI inhibitors was based 
on observations that patients with inherited FXI deficien-
cy, also known as hemophilia C, have a decreased risk of 
venous thromboembolism and strokes and a relatively 
low risk of spontaneous bleeding [80]. In the PACIFIC 
study on AF patients, asundexian (a direct inhibitor of 
activated FXI) showed reduced bleeding compared to 
apixaban [81]. However, very recently, a large study (OCE-
ANIC-AF; NCT05643573) comparing asundexian with 
apixaban was stopped due to the inferiority of asundexian 
in SSE prevention. In CKD or HD patients, the risk-ben-
efit profile seems appropriate, and, currently, there are 
two ongoing drug-testing clinical trials in HD patients 
(NCT04523220 and NCT04534114).

The other approach is based on the fact that the left 
atrial appendage is the source of cardiac emboli in the 
majority of cases. Left atrial appendage closure (LAAC) is 
a procedure offering the potential for long-term stroke 
prophylaxis without the need for long-term anticoagu-
lation therapy. A meta-analysis of three trials comparing 
LAAC with anticoagulation showed similar rates of stroke 
compared to OAC; however, there was a significant reduc-
tion in hemorrhagic stroke, non-procedure-related bleeds, 
cardiovascular death, and all-cause death [82]. LAAC would 
appear to be an ideal alternative for patients at high risk of 
bleeding including HD patients, although patients must en-
dure an invasive procedure with appreciable complications 
and a period of antithrombotic treatment (usually 3 months 
of dual antiplatelet treatment and life-long aspirin), which 
is required for epithelialization of the LAAC device. In an 
observational cohort study, 92 dialysis patients with AF on 
HD who underwent LAAC were compared to two similarly 
sized cohorts of HD patients with AF either on warfarin 
or without antithrombotic treatment [83]. No difference 
in bleeding was present between LAAC and warfarin pa-
tients during the first three months after the procedure; 

however, there was a significantly higher risk of bleeding 
in warfarin patients over the next 21 months (HR, 6.4; 95% 
CI, 1.21–31.72). Overall mortality was higher in both the 
warfarin (HR, 2.76; 95% CI, 1.31–5.86) and no-antithrom-
botic therapy (HR, 3.09; 95% CI, 1.59–5.98) arms compared 
to LAAC patients. 

On the other hand, observational data show that older 
age, impaired eGFR, diabetes, and heart failure are inde-
pendently associated with increased risk of death within 
1 year of the procedure [84]. Therefore, whether this pro-
cedure conveys a long-term benefit in the highly comorbid 
and frail HD population, with its many competing causes 
of death, remains a question. Fortunately, a randomized 
controlled trial comparing LAAC with the best medical 
treatment (LAA-KIDNEY) in HD patients with AF is currently 
ongoing (NCT05204212). 

ANTICOAGULATION IN KIDNEY FAILURE 
PATIENTS WITH ATRIAL FIBRILLATION  

— SUMMARY OF THE CURRENT GUIDELINES
The distinctiveness of the HD population is apparent 
throughout the international guidelines on anticoagu-
lation treatment in those with AF; many societies refrain 
from making specific statements on the topic. The ESC 
2020 guidelines for diagnosis and management of AF 
state that up-to-date knowledge is “limited and to some 
extent controversial” and restate the lack of approval of 
NAOCs in patients with CrCl <15 ml/min or on dialysis 
[50]. The 2021 European Heart Rhythm Association (EHRA) 
Practical Guide on DOAC treatment in AF patients sum-
marizes the existing data and states that “given the lack 
of strong evidence the decision to anticoagulate and (if 
so) whether to use a NOAC or VKA in patients with end-
stage renal failure or on dialysis requires a high degree of 
individualization” [85]. EHRA goes on to state that DOAC 
plasma level measurement also lacks robust evidence and 
should be reserved to highly specialized centers; EHRA 
also emphasizes the need for shared decision-making 
between physicians and patients regarding off-label use 
of anticoagulants. Based on a small pharmacokinetic study 
on eight patients, the Food and Drug Administration ap-
proved apixaban in HD patients in 2012 [86]. Reflecting 
this, the 2019 AHA/ACC/HRS  guidelines updated recom-
mendations for AF management by stating that either 
warfarin or apixaban “might be reasonable” in patients 
with ESKD (CrCl <15 ml/min) or on dialysis with a IIb class 
of recommendation and moderate quality evidence based 
on non-randomized data. These guidelines go as far as to 
not recommend the use of rivaroxaban and edoxaban in 
ESKD/dialysis patients for “lack of evidence from clinical 
trials that benefit exceeds risk” [51]. The 2018 guidelines 
from Australia and New Zealand advise that the decision 
to anticoagulated in ESKD should be individualized “with 
knowledge that an estimate of benefits and harms cannot 
be provided” and suggest the use of warfarin in severe 
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was substantially higher than the stroke rate (22/100 per-
son-years vs. 1.22/100 person-years, respectively). It should 
be noted that the study was not designed or powered to 
compare DOACs vs. VKAs in HD patients.

Low-molecular-weight heparins 
Low-molecular-weight heparin (LMWH), typically given as 
a single intravenous bolus into the arterial limb when start-
ing dialysis, is used to prevent blood clot formation in the 
extracorporeal dialysis circuit. LMWH application on non-
HD days is also used as a primary stroke prevention strategy 
for specific patients (in the US and Austria) and is the most 
preferred option, for instance, in the Czech Republic [78, 
79]. However, there is no evidence to support this praxis. 

Novel therapeutic stroke prevention approaches 
Two promising novel therapeutic approaches are currently 
being tested. The first is a pharmacological intervention 
that enompasses of coagulation factor (F)XI inhibition. 
The development of synthetic FXI inhibitors was based 
on observations that patients with inherited FXI deficien-
cy, also known as hemophilia C, have a decreased risk of 
venous thromboembolism and strokes and a relatively 
low risk of spontaneous bleeding [80]. In the PACIFIC 
study on AF patients, asundexian (a direct inhibitor of 
activated FXI) showed reduced bleeding compared to 
apixaban [81]. However, very recently, a large study (OCE-
ANIC-AF; NCT05643573) comparing asundexian with 
apixaban was stopped due to the inferiority of asundexian 
in SSE prevention. In CKD or HD patients, the risk-ben-
efit profile seems appropriate, and, currently, there are 
two ongoing drug-testing clinical trials in HD patients 
(NCT04523220 and NCT04534114).

The other approach is based on the fact that the left 
atrial appendage is the source of cardiac emboli in the 
majority of cases. Left atrial appendage closure (LAAC) is 
a procedure offering the potential for long-term stroke 
prophylaxis without the need for long-term anticoagu-
lation therapy. A meta-analysis of three trials comparing 
LAAC with anticoagulation showed similar rates of stroke 
compared to OAC; however, there was a significant reduc-
tion in hemorrhagic stroke, non-procedure-related bleeds, 
cardiovascular death, and all-cause death [82]. LAAC would 
appear to be an ideal alternative for patients at high risk of 
bleeding including HD patients, although patients must en-
dure an invasive procedure with appreciable complications 
and a period of antithrombotic treatment (usually 3 months 
of dual antiplatelet treatment and life-long aspirin), which 
is required for epithelialization of the LAAC device. In an 
observational cohort study, 92 dialysis patients with AF on 
HD who underwent LAAC were compared to two similarly 
sized cohorts of HD patients with AF either on warfarin 
or without antithrombotic treatment [83]. No difference 
in bleeding was present between LAAC and warfarin pa-
tients during the first three months after the procedure; 

however, there was a significantly higher risk of bleeding 
in warfarin patients over the next 21 months (HR, 6.4; 95% 
CI, 1.21–31.72). Overall mortality was higher in both the 
warfarin (HR, 2.76; 95% CI, 1.31–5.86) and no-antithrom-
botic therapy (HR, 3.09; 95% CI, 1.59–5.98) arms compared 
to LAAC patients. 

On the other hand, observational data show that older 
age, impaired eGFR, diabetes, and heart failure are inde-
pendently associated with increased risk of death within 
1 year of the procedure [84]. Therefore, whether this pro-
cedure conveys a long-term benefit in the highly comorbid 
and frail HD population, with its many competing causes 
of death, remains a question. Fortunately, a randomized 
controlled trial comparing LAAC with the best medical 
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ANTICOAGULATION IN KIDNEY FAILURE 
PATIENTS WITH ATRIAL FIBRILLATION  

— SUMMARY OF THE CURRENT GUIDELINES
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mendations for AF management by stating that either 
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CKD (low quality of evidence, strong recommendation), 
emphasizing that DOACs are contraindicated [87]. The 
Canadian guidelines recommend against the routine 
use of antithrombotic therapy for stroke prevention in 
AF patients in stage 5 CKD (weak recommendation, low 
quality of evidence) but also state that therapy should be 
individualized and anticoagulation “might be appropri-
ate for some patients in whom the benefit of preventing 
stroke outweighs the increased risk of bleeding” [88]. 
Nephrology guidelines directly on anticoagulation treat-
ment in advanced CKD are scarce. A 2011 Kidney Disease 
Improving Global Outcomes (KDIGO) clinical update on 
cardiovascular disease states that in contradiction to 
previous recommendations, routine use of anticoagula-
tion in stroke prevention in stage 5 CKD patients is not 
indicated [89]. The 2012 KDIGO guidelines suggest using 
lower doses of warfarin with close monitoring of eGFR 
<30 ml/min/1.73 m2. A KDIGO international interdiscipli-
nary conference on CKD and arrhythmias took place in 
2016, and the conference report stated that there is insuffi-
cient high-quality evidence to recommend VKAs for stroke 
prevention in stage 5 CKD patients [90]. The attendees 
suggested considering reduced doses of apixaban b.i.d. 

The lack of clear recommendations and discrepancies 
in various guidelines only emphasize the unknowns sur-
rounding AF treatment in HD patients. 

CURRENT PRACTICE OF ANTITHROMBOTIC 
TREATMENT IN KIDNEY FAILURE PATIENTS 

WITH ATRIAL FIBRILLATION
As indicated above, most of our knowledge of anticoagula-
tion strategies for stroke prevention in HD patients comes 
from observational studies. No randomized study compar-
ing anticoagulation (either VKA or DOAC) vs. placebo has 
been conducted in stage 4–5 CKD or HD patients. Several 
randomized studies comparing anticoagulants have been 
conducted but all were finished prematurely due to low 
enrollment, and none had a placebo arm. Furthermore, 
the stroke risk and bleeding risk stratification scores that 
are used in non-CKD patients are not applicable to renal 
failure patients. As a consequence of the aforementioned 
reasons, an evidence-based approach to the anticoagula-
tion treatment in stage 4–5 CKD patients is not possible. 
Currently, in surveys on real-world treatment, some HD 
patients are treated with VKAs, some by DOACs (mostly 
apixaban) or LMWH; some HD patients receive antiplate-
let drugs instead of anticoagulants and some patients go 
without anticoagulation treatment.

A crucial question is whether to initiate anticoagulation 
at all, and randomized trials exploring anticoagulation 
therapy versus no anticoagulation are desperately needed. 
Fortunately, several ongoing trials to explore this issue are 
currently ongoing (Table 2). 

Table 2. Upcoming randomized studies on anticoagulation strategy in dialysis patients

Study name, NCT 
number

Cohort Endpoints Comparison Original 
estimated 

enrollment

Actual en-
rollment

Recruitment 
status

Estimated  
study com-

pletion date

Oral Anticoagulation 
in Haemodialysis 
Patients (AVKDIAL)
NCT02886962

HD patients Cumulative incidence of 
severe bleedings  
and thrombosis

No anticoagulation 
vs.

VKA

n = 855 n = 50 Active, not 
recruiting

December 2023

Strategies for the 
Management of Atrial 
Fibrillation in patiEnts 
Receiving Dialysis 
(SAFE-D)
 NCT03987711

HD / PD 
patients 

Primary: adequate recruit-
ment and retainment 

(evaluation of feasibility 
of conducting a RCT com-

paring anticoagulation 
strategies in dialysis pa-
tients) Secondary: major 
bleeding, SSE, all-cause 
mortality, dialysis access 
site events, non-fatal MI

Warfarin
vs.

Apixaban
vs.

No anticoagulation

n = 150 n = 151 Completed December 2022

The Danish Warfa-
rin-Dialysis Study — 
Safety and Efficacy of 
Warfarin in Patients 
With Atrial Fibrillation 
on Dialysis (DAN-
WARD)
NCT03862859

HD patients Primary: TIA, ischemic 
stroke, unspecified 

stroke; fatal or non-fatal 
major bleeding (ISTH 

definitions)
Secondary: number of 

participants with stroke, 
number of deaths

Warfarin
vs.

No anticoagulation

n = 718 - Recruiting December 2025

Stroke Prophylaxis 
With Apixaban in 
Chronic Kidney Dise-
ase Stage 5 Patients 
With Atrial Fibrillation 
(SACK)
NCT05679024

HD patients, 
CKD5 

nonHD

Primary: ischemic stroke; 
intracranial bleeding and 

fatal bleeding 
Secondary: all-cause 

mortality, cardiovascular 
events, major bleeding 

(modified ISTH  
definitions)

Apixaban  
(reduced dose)

vs.
No anticoagulation

n = 1400 - Recruiting December 2028

Abbreviations: CKD, chronic kidney disease; TIA, transient ischemic attack; other — see Table 1
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CKD (low quality of evidence, strong recommendation), 
emphasizing that DOACs are contraindicated [87]. The 
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use of antithrombotic therapy for stroke prevention in 
AF patients in stage 5 CKD (weak recommendation, low 
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<30 ml/min/1.73 m2. A KDIGO international interdiscipli-
nary conference on CKD and arrhythmias took place in 
2016, and the conference report stated that there is insuffi-
cient high-quality evidence to recommend VKAs for stroke 
prevention in stage 5 CKD patients [90]. The attendees 
suggested considering reduced doses of apixaban b.i.d. 

The lack of clear recommendations and discrepancies 
in various guidelines only emphasize the unknowns sur-
rounding AF treatment in HD patients. 
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been conducted in stage 4–5 CKD or HD patients. Several 
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conducted but all were finished prematurely due to low 
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failure patients. As a consequence of the aforementioned 
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tion treatment in stage 4–5 CKD patients is not possible. 
Currently, in surveys on real-world treatment, some HD 
patients are treated with VKAs, some by DOACs (mostly 
apixaban) or LMWH; some HD patients receive antiplate-
let drugs instead of anticoagulants and some patients go 
without anticoagulation treatment.

A crucial question is whether to initiate anticoagulation 
at all, and randomized trials exploring anticoagulation 
therapy versus no anticoagulation are desperately needed. 
Fortunately, several ongoing trials to explore this issue are 
currently ongoing (Table 2). 
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site events, non-fatal MI
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WARD)
NCT03862859

HD patients Primary: TIA, ischemic 
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Clinical perspective on stroke prevention  
in HD patients with AF

Fundamentally, HD patients’ preferences must be taken 
into account. In a survey of HF patients’ preferences, “mor-
tality” was ranked 14th, after outcomes such as dialysis-free 
time, fatigue, and ability to travel [91]. From this perspec-
tive, preventing the probabilistically less likely event of 
stroke at the cost of more frequent bleeding episodes that 
are inherently associated with increased medical care is 
of questionable justification, especially since HD patients 
have high co-morbidity, and many competing causes of 
morbidity and mortality result in longer hospitalization 
with more frequent complications [92, 93]. 

Translating the current data into clinical practice, rou-
tine prescription of anticoagulation for stroke prevention 
in HD patients with AF does not seem warranted due to the 
potential for net clinical harm. Anticoagulation should be 
reserved for those with a high risk of stroke, which is not 
offset by high bleeding risk, with careful consideration of 
patients’ preferences and treatment goals. Reduced-dose 
apixaban seems superior to other anticoagulants in this 
population. Non-pharmacological approaches (i.e., LAAC) 
should be considered in selected patients. Furthermore, 
physicians involved in HD patient care should contribute 
to broadening knowledge by enrolling their patients in 
ongoing trials. 

CONCLUSION
Kidney failure patients with atrial fibrillation are a distinct 
cohort of patients. Current knowledge on stroke prevention 
in atrial fibrillation patients in the general population does 
not apply to kidney failure patients. Data on the most suit-
able anticoagulant in HD patients are mostly observational 
and show that VKA treatment is not desirable and that the 
reduced-dose apixaban is the most promising agent. How-
ever, left atrial appendage closure or the new class of FXI 
inhibitors may prove beneficial. The frequency of clinically 
significant bleeding in HD patients greatly surpasses the 
frequency of ischemic strokes. Keeping in mind the dictum 
of medical ethics, “primum non nocere” or “first, do no harm,” 
care for these patients must be individualized to prevent 
unnecessary harm from overtreatment. To resolve this lack 
of guidance, randomized studies assessing either pharma-
cological or non-pharmacological treatments vs. placebo 
are badly needed. 
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A B S T R A C T
Neutrophil extracellular traps (NETs), which are net-like structures composed of DNA, histones, and 
antimicrobial proteins, in particular myeloperoxidase (MPO) and elastase, have been demonstrat-
ed in bacterial, viral, protozoal, and fungal infections as a potent innate immunity mechanism of 
pathogen elimination associated with enhanced inflammation. Growing evidence indicates the 
contribution of NETs formation (NETosis), driven by protein-arginine deiminase type 4, to thrombosis, 
ischemia, and atherosclerosis. NETs are considered new players involved in the development and 
progression of cardiovascular diseases (CVDs), including coronary artery disease (CAD) and its acute 
manifestations in particular acute myocardial infarction (MI), peripheral artery disease (PAD) along 
with ischemic stroke, heart failure, aortic stenosis, and atrial fibrillation (AF). Formation of NETs and 
elevated levels of their circulating markers, e.g. citrullinated histone 3 and MPO-DNA complexes, 
have been observed in chronic and acute manifestations of CVD. NETs accumulation was associat-
ed with plaque rupture, infarct size, and impaired myocardial function. NETs have been identified 
within human stenotic aortic valves, like in atherosclerotic plaques and arterial thrombi. Moreover, 
circulating NETs markers in association with prothrombotic markers, including fibrin clot properties, 
predicted adverse clinical events in AF. Several NETs inhibitors, including recombinant human DNase, 
an enzyme degrading NETs, reactive oxygen species scavengers, together with antithrombotic and 
antiplatelet drugs, have been shown to reduce uncontrolled NETosis. This review summarizes the 
current evidence on the role of NETosis in CVDs, its significance as a risk factor for clinical outcomes, 
and finally, the potential of NETs as a target for future therapeutic interventions. 
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INTRODUCTION
Cardiovascular diseases (CVDs) represent 
a range of common conditions being the 
leading cause of death worldwide, accounting 
for about one-third of all death in 2019, as 
reported by the World Health Organization 
[1]. CVDs encompass coronary artery disease 
(CAD) and its acute manifestations, in par-
ticular acute coronary syndrome, myocardial 
infarction (MI), and peripheral artery disease 
(PAD), increasing the risk of ischemic stroke, as 
well as heart failure (HF) and atrial fibrillation 
(AF). The prevalence of CVD rises with age, 
starting at around 1% of individuals aged 
20–39 and increasing to 42.9% among males 

and 31.3% among females aged 80 years and 
older, excluding cases related to hypertension 
[2]. In 2019, the primary cause of CVD-related 
deaths was CAD, which accounts for 41.3% of 
fatalities, followed by stroke at 17.2%, high 
blood pressure at 11.7%, HF at 9.9%, and arte-
rial diseases at 2.8% of all deaths [2]. It is worth 
mentioning that CVD risk factors, such as obe-
sity and diabetes, were more frequently asso-
ciated with CVD-related deaths, as became 
evident during the COVID-19 pandemic [3].

Chronic inflammation within the arterial 
wall is a key pathophysiological mechanism 
underlying the development and progres-
sion of CVDs [2]. Extremely intricate and 
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A B S T R A C T
Neutrophil extracellular traps (NETs), which are net-like structures composed of DNA, histones, and 
antimicrobial proteins, in particular myeloperoxidase (MPO) and elastase, have been demonstrat-
ed in bacterial, viral, protozoal, and fungal infections as a potent innate immunity mechanism of 
pathogen elimination associated with enhanced inflammation. Growing evidence indicates the 
contribution of NETs formation (NETosis), driven by protein-arginine deiminase type 4, to thrombosis, 
ischemia, and atherosclerosis. NETs are considered new players involved in the development and 
progression of cardiovascular diseases (CVDs), including coronary artery disease (CAD) and its acute 
manifestations in particular acute myocardial infarction (MI), peripheral artery disease (PAD) along 
with ischemic stroke, heart failure, aortic stenosis, and atrial fibrillation (AF). Formation of NETs and 
elevated levels of their circulating markers, e.g. citrullinated histone 3 and MPO-DNA complexes, 
have been observed in chronic and acute manifestations of CVD. NETs accumulation was associat-
ed with plaque rupture, infarct size, and impaired myocardial function. NETs have been identified 
within human stenotic aortic valves, like in atherosclerotic plaques and arterial thrombi. Moreover, 
circulating NETs markers in association with prothrombotic markers, including fibrin clot properties, 
predicted adverse clinical events in AF. Several NETs inhibitors, including recombinant human DNase, 
an enzyme degrading NETs, reactive oxygen species scavengers, together with antithrombotic and 
antiplatelet drugs, have been shown to reduce uncontrolled NETosis. This review summarizes the 
current evidence on the role of NETosis in CVDs, its significance as a risk factor for clinical outcomes, 
and finally, the potential of NETs as a target for future therapeutic interventions. 
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INTRODUCTION
Cardiovascular diseases (CVDs) represent 
a range of common conditions being the 
leading cause of death worldwide, accounting 
for about one-third of all death in 2019, as 
reported by the World Health Organization 
[1]. CVDs encompass coronary artery disease 
(CAD) and its acute manifestations, in par-
ticular acute coronary syndrome, myocardial 
infarction (MI), and peripheral artery disease 
(PAD), increasing the risk of ischemic stroke, as 
well as heart failure (HF) and atrial fibrillation 
(AF). The prevalence of CVD rises with age, 
starting at around 1% of individuals aged 
20–39 and increasing to 42.9% among males 

and 31.3% among females aged 80 years and 
older, excluding cases related to hypertension 
[2]. In 2019, the primary cause of CVD-related 
deaths was CAD, which accounts for 41.3% of 
fatalities, followed by stroke at 17.2%, high 
blood pressure at 11.7%, HF at 9.9%, and arte-
rial diseases at 2.8% of all deaths [2]. It is worth 
mentioning that CVD risk factors, such as obe-
sity and diabetes, were more frequently asso-
ciated with CVD-related deaths, as became 
evident during the COVID-19 pandemic [3].

Chronic inflammation within the arterial 
wall is a key pathophysiological mechanism 
underlying the development and progres-
sion of CVDs [2]. Extremely intricate and 
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intertwined processes involved in atherosclerosis, which 
are still incompletely elucidated encompass enhanced 
oxidative stress, lipid accumulation, immune responses, 
fibrosis, calcification and many others [4].

While monocytes have been extensively studied in 
the context of CVD, neutrophils, the most abundant white 
blood cells, play a crucial role in innate defense against in-
fections. Their functions include phagocytosis, the process 
of engulfing and ingesting pathogens like bacteria, fungi, 
and cellular debris [5].

Neutrophils migrate to sites of infection or inflamma-
tion in response to chemical signals, such as chemokines 
and cytokines, through a process called chemotaxis [5]. In 
response to specific stimuli neutrophils can produce large 
amounts of reactive oxygen species (ROS) upon activation 
of NADPH oxidase 2 (NOX2) [6]. ROS are toxic to pathogens 
and destroy bacteria and fungi inside the neutrophil. As 
inflammation subsides, neutrophils undergo apoptosis 
(programmed cell death), and then macrophages remove 
the apoptotic neutrophils [6]. 

In 2004 Brinkmann et al. [7] described a new activity 
of neutrophils called neutrophil extracellular traps (NETs) 
formation, suggesting that this mechanism of the innate 
immunity is of key importance in pathogen elimination. 
NETs are web-like structures composed of DNA, histones, 
and antimicrobial proteins [7]. Initially it was thought that 
NETs exclusively capture and immobilize microbes, such 
as bacteria, fungi, and some viruses, and thus preventing 
their spread [7]. However, in the following years growing 
evidence supported the concept that NETosis is implicated 
in sepsis, autoimmune diseases, venous thromboembolism, 
cancer, and also CVDs [8]. It is important to emphasize 
that neutrophil activation and NETosis are two different 
processes involving neutrophils. Neutrophil activation is 
associated with their degranulation, oxidative burst, and 
phagocytosis. Prolonging neutrophil activation associated 
with enhanced ROS production leads to NETs generation [9].

In this review we summarized available data on the 
role of NETosis in a broad spectrum of CVDs involving CAD, 
acute arterial thromboembolism, and AF in search for novel 
biomarkers and potential treatment options targeting 
NETosis inhibition.

Molecular mechanisms of NETosis
The molecular basis of NETosis involves a series of complex 
events. Neutrophil activation triggers intracellular signaling 
pathways that lead to the activation of an enzyme called 
nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase. NADPH generates ROS, including singlet oxygen 
(1O2), hydrogen peroxide (H2O2), hypochlorous acid, and 
others, which are about to destroy microbes [9]. It is im-
portant to note that ROS, apart from its bactericidal func-
tion, play a crucial role in the process of “suicidal” NETosis, 
which persists for 3–4 hours and is fatal for neutrophils [9]. 
An enzyme, called myeloperoxidase (MPO), activated by 
H2O2, leads to the release of neutrophil elastase (NE) from 

neutrophil azurophilic granules. NE migrates to the cell 
nuclei to induce chromatin decondensation and degrade 
neutrophil actin filaments, thereby inhibiting neutrophil 
chemotaxis [10]. After nucleus disintegration, neutrophils 
release NETs into the extracellular environment and both 
MPO and NE on chromatin fibers stabilize NETs and ensure 
their antibacterial properties [11]. Complexes of cell free 
DNA and MPO or NE are considered as specific biomarkers 
of NETs, while citrullinated histones H3 (citH3), although 
associated with NETosis, covers only protein arginase deimi-
nase 4 (PAD4)-dependent citrullination of H3 histones [9]. 
Moreover, Kenny et al. [9] reported that NETosis can occur 
without histone H3 citrullination and pharmacological 
inhibition of PADs did not inhibit NETosis.

PAD4, catalyzes the conversion of arginine residues 
in histones to citrulline, which weakens their interaction 
with DNA, promoting chromatin decondensation [11]. 
Citrullinated histones have been demonstrated to exert 
antimicrobial properties [11]. Of note, several proteins, 
including fibrinogen, can be citrullinated by PAD4. Citrul-
linated fibrinogen, together with citrullinated vimentin 
were observed within human atherosclerotic plaques [12]. 
Moreover, in vitro fibrinogen citrullination led to formation 
of more compact clots with reduced porosity and suscep-
tibility to fibrinolysis [13]. 

An alternative form of NETosis is the “vital” or NOX-in-
dependent pathway. In contrast to the “suicidal”, the “vital” 
NETosis occurs in about 30 minutes [14]. “Vital” NETosis is 
ROS-independent and can be induced by activated plate-
lets, microorganisms, and complement proteins. This leads 
to the influx of Ca2+ via the small conductance potassium 
channel member three [14], which activates PAD4, and 
results in histone citrullination and chromatin deconden-
sation [15]. Neutrophils remain viable after this form of 
NETosis [8].

NETs are eliminated by deoxyribonucleases (DNases), 
Ca2+/Mg2+-dependent enzymes degrading circulating 
DNA, and phagocyted by macrophages [16]. There are 
three main types of DNases: DNase-I, DNase-II, and DNase- 
-1L3. DNase-I preferentially digests cell-free DNA (cfDNA), 
DNase-II degrades DNA from apoptotic bodies, while 
DNase-1L3 degrades chromatin and chromatin-bound DNA 
[17, 18]. It was shown that genetic defects in the DNase-I or 
DNase-1L3 genes are associated with severe forms of auto-
immune diseases e.g. rheumatoid arthritis and scleroderma 
[19]. Insufficient clearance of NETs may contribute to the 
development of autoimmune diseases primarily because 
of the exposure to intracellular antigens present on NETs 
[20]. Moreover, in mouse models, DNase deficiency was 
associated with massive NET-related thrombosis in lungs, 
liver or kidneys [21]. 

Factors triggering NETosis
NETosis is triggered by a variety of factors, primarily asso-
ciated with the recognition of pathogens such as patho-
gen-associated molecular patterns (PAMPs), like bacterial 
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intertwined processes involved in atherosclerosis, which 
are still incompletely elucidated encompass enhanced 
oxidative stress, lipid accumulation, immune responses, 
fibrosis, calcification and many others [4].

While monocytes have been extensively studied in 
the context of CVD, neutrophils, the most abundant white 
blood cells, play a crucial role in innate defense against in-
fections. Their functions include phagocytosis, the process 
of engulfing and ingesting pathogens like bacteria, fungi, 
and cellular debris [5].

Neutrophils migrate to sites of infection or inflamma-
tion in response to chemical signals, such as chemokines 
and cytokines, through a process called chemotaxis [5]. In 
response to specific stimuli neutrophils can produce large 
amounts of reactive oxygen species (ROS) upon activation 
of NADPH oxidase 2 (NOX2) [6]. ROS are toxic to pathogens 
and destroy bacteria and fungi inside the neutrophil. As 
inflammation subsides, neutrophils undergo apoptosis 
(programmed cell death), and then macrophages remove 
the apoptotic neutrophils [6]. 

In 2004 Brinkmann et al. [7] described a new activity 
of neutrophils called neutrophil extracellular traps (NETs) 
formation, suggesting that this mechanism of the innate 
immunity is of key importance in pathogen elimination. 
NETs are web-like structures composed of DNA, histones, 
and antimicrobial proteins [7]. Initially it was thought that 
NETs exclusively capture and immobilize microbes, such 
as bacteria, fungi, and some viruses, and thus preventing 
their spread [7]. However, in the following years growing 
evidence supported the concept that NETosis is implicated 
in sepsis, autoimmune diseases, venous thromboembolism, 
cancer, and also CVDs [8]. It is important to emphasize 
that neutrophil activation and NETosis are two different 
processes involving neutrophils. Neutrophil activation is 
associated with their degranulation, oxidative burst, and 
phagocytosis. Prolonging neutrophil activation associated 
with enhanced ROS production leads to NETs generation [9].

In this review we summarized available data on the 
role of NETosis in a broad spectrum of CVDs involving CAD, 
acute arterial thromboembolism, and AF in search for novel 
biomarkers and potential treatment options targeting 
NETosis inhibition.

Molecular mechanisms of NETosis
The molecular basis of NETosis involves a series of complex 
events. Neutrophil activation triggers intracellular signaling 
pathways that lead to the activation of an enzyme called 
nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase. NADPH generates ROS, including singlet oxygen 
(1O2), hydrogen peroxide (H2O2), hypochlorous acid, and 
others, which are about to destroy microbes [9]. It is im-
portant to note that ROS, apart from its bactericidal func-
tion, play a crucial role in the process of “suicidal” NETosis, 
which persists for 3–4 hours and is fatal for neutrophils [9]. 
An enzyme, called myeloperoxidase (MPO), activated by 
H2O2, leads to the release of neutrophil elastase (NE) from 

neutrophil azurophilic granules. NE migrates to the cell 
nuclei to induce chromatin decondensation and degrade 
neutrophil actin filaments, thereby inhibiting neutrophil 
chemotaxis [10]. After nucleus disintegration, neutrophils 
release NETs into the extracellular environment and both 
MPO and NE on chromatin fibers stabilize NETs and ensure 
their antibacterial properties [11]. Complexes of cell free 
DNA and MPO or NE are considered as specific biomarkers 
of NETs, while citrullinated histones H3 (citH3), although 
associated with NETosis, covers only protein arginase deimi-
nase 4 (PAD4)-dependent citrullination of H3 histones [9]. 
Moreover, Kenny et al. [9] reported that NETosis can occur 
without histone H3 citrullination and pharmacological 
inhibition of PADs did not inhibit NETosis.

PAD4, catalyzes the conversion of arginine residues 
in histones to citrulline, which weakens their interaction 
with DNA, promoting chromatin decondensation [11]. 
Citrullinated histones have been demonstrated to exert 
antimicrobial properties [11]. Of note, several proteins, 
including fibrinogen, can be citrullinated by PAD4. Citrul-
linated fibrinogen, together with citrullinated vimentin 
were observed within human atherosclerotic plaques [12]. 
Moreover, in vitro fibrinogen citrullination led to formation 
of more compact clots with reduced porosity and suscep-
tibility to fibrinolysis [13]. 

An alternative form of NETosis is the “vital” or NOX-in-
dependent pathway. In contrast to the “suicidal”, the “vital” 
NETosis occurs in about 30 minutes [14]. “Vital” NETosis is 
ROS-independent and can be induced by activated plate-
lets, microorganisms, and complement proteins. This leads 
to the influx of Ca2+ via the small conductance potassium 
channel member three [14], which activates PAD4, and 
results in histone citrullination and chromatin deconden-
sation [15]. Neutrophils remain viable after this form of 
NETosis [8].

NETs are eliminated by deoxyribonucleases (DNases), 
Ca2+/Mg2+-dependent enzymes degrading circulating 
DNA, and phagocyted by macrophages [16]. There are 
three main types of DNases: DNase-I, DNase-II, and DNase- 
-1L3. DNase-I preferentially digests cell-free DNA (cfDNA), 
DNase-II degrades DNA from apoptotic bodies, while 
DNase-1L3 degrades chromatin and chromatin-bound DNA 
[17, 18]. It was shown that genetic defects in the DNase-I or 
DNase-1L3 genes are associated with severe forms of auto-
immune diseases e.g. rheumatoid arthritis and scleroderma 
[19]. Insufficient clearance of NETs may contribute to the 
development of autoimmune diseases primarily because 
of the exposure to intracellular antigens present on NETs 
[20]. Moreover, in mouse models, DNase deficiency was 
associated with massive NET-related thrombosis in lungs, 
liver or kidneys [21]. 

Factors triggering NETosis
NETosis is triggered by a variety of factors, primarily asso-
ciated with the recognition of pathogens such as patho-
gen-associated molecular patterns (PAMPs), like bacterial 
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lipopolysaccharides, lipoproteins, viruses, and fungal cell 
wall components. NETosis can also be activated by re-
ceptors, including toll-like receptors (TLRs), C-type lectin 
receptors (CLRs), complement receptors (CRs), receptors for 
immunoglobulin c-terminal fragment (FcR) and Cys-X-Cys 
motif chemokine receptors. Recently nucleotide-binding 
oligomerization domain-like receptors have been shown 
to activate NETosis [22]. Moreover, cytokines released 
upon inflammation, such as interleukin-1β (IL-1β), tumor 
necrosis factor alpha (TNF-α), and interleukin-8 (IL-8) that 
can activate neutrophils trigger NETosis [23]. The comple-
ment system, a component of the immune system, was 
also shown to induce NETosis. It has been demonstrated 
that complement component 3 (C3) knock-out mice and 
receptor for C3a fragment (C3aR) knock-out mice display 
reduced NETs formation [24]. Other complement compo-
nents such as C3b or C5a were shown to stimulate NETosis 
by binding to their receptors on neutrophils, while C1q can 
prevent NETs from DNases. Moreover, physical factors such 
as shear stress and mechanical stretching can contribute 
to NETosis. Factors like hypoxia (low oxygen levels) and 
nutrient deprivation can also induce NETosis, especially 
during tissue damage or inflammation. 

Platelets in NETosis
Platelets are the interface between blood coagulation and 
inflammation in atherosclerosis [25]. Neutrophils and plate-
lets interact together via the glycoprotein Ib. Moreover, 
neutrophils recognize P-selectin expressed by activated 
platelets, which was shown to facilitate NETosis [25] but 
P-selectin blockage does not inhibit NETs formation [26]. 
Another platelet-derived protein, high mobility group 
box 1 (HMGB1), was independently associated with NETs 
formation. A study by Maugeri et al. [26] performed on 
26 patients with acute MI showed that besides activated 
platelets, NETing neutrophils were a main cellular compo-
nent of thrombi. Additionally, studies have demonstrated 
that platelets are recruited to NETs and bind to them in 
a histone-dependent manner via complement component 
C3b deposited on NETs and CR1 receptor expressed by 
platelets [27, 28]. Histones H3 and H4 have been shown 
to activate platelets, which in turn stimulated NETosis in 
a positive-feedback loop [27, 28]. Moreover, those histones 
induced secretion of platelet-derived polyphosphate (poly 
P) and activated blood coagulation by factor XII (FXII) and 
render fibrin clots more compact [28, 29]. Factors triggering 
NETosis and receptors involved are summarized in Figure 1.

A link between NETosis and coagulation
NETs formed after neutrophil activation provide a scaffold 
for thrombus formation [30]. Interestingly, only DNA and 
histones alone can induce thrombin generation, while these 
components in a complex of nucleosomes did not have the 
same effect [28]. Moreover, the selective exposure of tissue 
factor (TF), which initiates blood coagulation in vivo, on NETs 
determines the ability to initiate coagulation. However, it 

is important to note that not all NETs exhibit TF. It has been 
shown that neutrophils treated with cytokines increased the 
expression of TF mRNA and its release on NETs [31]. There-
fore, the exposure of TF on NETs appears to be contingent 
on the specific stimulus used to induce NETosis, which may 
explain an importance of the experimental approach used 
to research. On the other hand, another mechanisms of 
direct coagulation activation by NETs is that they provide 
a negatively charged surface to activate FXII, the initial 
factor of the intrinsic coagulation pathway [32]. FXII or FXI 
inhibition attenuated thrombin generation on NETs [33]. 
Finally, it was shown that fibrinogen binds to DNA-rich NETs  
[34]. It is plausible that fibrin formation takes place on  
NETs following coagulation activation regardless of the 
pathway involved. Fibrin may serve to stiffen the structure 
of NETs, creating a mesh that entraps pathogens, thus 
preventing their dissemination. Using scanning electron 
microscopy imaging it has been demonstrated that fibrin 
clots formed in vitro in the presence of NET components dis-
played denser structure, which is more resistant to lysis [35].

It is worth mentioning that positively-charged nu-
cleosomes located at the site of injury can attract nega-
tively-charged tissue factor pathway inhibitor (TFPI) [2]. 
NET-associated proteins, namely NE and cathepsin G, play 
a role in promoting fibrin formation on NETs, since they 
have been demonstrated to inhibit TFPI, a major inhibitor 
of the extrinsic coagulation pathway [2]. Further research is 
needed to clarify the role of TFPI in the cross-talk between 
NETosis and blood coagulation. 

Enhanced NETosis exerts potent proinflammatory 
effects. An overabundant discharge or malfunction of 
NETs may initiate and enhance inflammatory reactions, 
leading to potential harm to tissues and various disease 
conditions. Components of NETs, such as histones, of cir-
culating DNA, can transform into self-antigens, resulting in 
inflammation, tissue toxicity and thrombosis [29]. There-
fore, maintaining a balance between NETosis activation and 
inhibition seems to be of major importance in a variety of 
disease states, including atherosclerotic vascular disease 
and its thrombotic manifestations. 

NETosis in CVDs
Growing evidence has established a link between en-
hanced NETs formation or insufficient NETs degradation 
and the underlying mechanisms of various CVDs driven 
by inflammatory responses (Figure 2). 

Coronary artery disease (CAD)
The involvement of NETosis in atherosclerosis may result 
from infections and stimulation of neutrophils by bacterial 
components [36] or from a non-infectious activation of 
neutrophils within atherosclerotic plaques by cholesterol 
crystals and the interplay between neutrophils and mac-
rophages, amplifying the immune response [37]. 

In 2012, Megens and co-workers [38] were the first to 
report the presence of NETs within atherosclerotic plaques, 
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lipopolysaccharides, lipoproteins, viruses, and fungal cell 
wall components. NETosis can also be activated by re-
ceptors, including toll-like receptors (TLRs), C-type lectin 
receptors (CLRs), complement receptors (CRs), receptors for 
immunoglobulin c-terminal fragment (FcR) and Cys-X-Cys 
motif chemokine receptors. Recently nucleotide-binding 
oligomerization domain-like receptors have been shown 
to activate NETosis [22]. Moreover, cytokines released 
upon inflammation, such as interleukin-1β (IL-1β), tumor 
necrosis factor alpha (TNF-α), and interleukin-8 (IL-8) that 
can activate neutrophils trigger NETosis [23]. The comple-
ment system, a component of the immune system, was 
also shown to induce NETosis. It has been demonstrated 
that complement component 3 (C3) knock-out mice and 
receptor for C3a fragment (C3aR) knock-out mice display 
reduced NETs formation [24]. Other complement compo-
nents such as C3b or C5a were shown to stimulate NETosis 
by binding to their receptors on neutrophils, while C1q can 
prevent NETs from DNases. Moreover, physical factors such 
as shear stress and mechanical stretching can contribute 
to NETosis. Factors like hypoxia (low oxygen levels) and 
nutrient deprivation can also induce NETosis, especially 
during tissue damage or inflammation. 

Platelets in NETosis
Platelets are the interface between blood coagulation and 
inflammation in atherosclerosis [25]. Neutrophils and plate-
lets interact together via the glycoprotein Ib. Moreover, 
neutrophils recognize P-selectin expressed by activated 
platelets, which was shown to facilitate NETosis [25] but 
P-selectin blockage does not inhibit NETs formation [26]. 
Another platelet-derived protein, high mobility group 
box 1 (HMGB1), was independently associated with NETs 
formation. A study by Maugeri et al. [26] performed on 
26 patients with acute MI showed that besides activated 
platelets, NETing neutrophils were a main cellular compo-
nent of thrombi. Additionally, studies have demonstrated 
that platelets are recruited to NETs and bind to them in 
a histone-dependent manner via complement component 
C3b deposited on NETs and CR1 receptor expressed by 
platelets [27, 28]. Histones H3 and H4 have been shown 
to activate platelets, which in turn stimulated NETosis in 
a positive-feedback loop [27, 28]. Moreover, those histones 
induced secretion of platelet-derived polyphosphate (poly 
P) and activated blood coagulation by factor XII (FXII) and 
render fibrin clots more compact [28, 29]. Factors triggering 
NETosis and receptors involved are summarized in Figure 1.

A link between NETosis and coagulation
NETs formed after neutrophil activation provide a scaffold 
for thrombus formation [30]. Interestingly, only DNA and 
histones alone can induce thrombin generation, while these 
components in a complex of nucleosomes did not have the 
same effect [28]. Moreover, the selective exposure of tissue 
factor (TF), which initiates blood coagulation in vivo, on NETs 
determines the ability to initiate coagulation. However, it 

is important to note that not all NETs exhibit TF. It has been 
shown that neutrophils treated with cytokines increased the 
expression of TF mRNA and its release on NETs [31]. There-
fore, the exposure of TF on NETs appears to be contingent 
on the specific stimulus used to induce NETosis, which may 
explain an importance of the experimental approach used 
to research. On the other hand, another mechanisms of 
direct coagulation activation by NETs is that they provide 
a negatively charged surface to activate FXII, the initial 
factor of the intrinsic coagulation pathway [32]. FXII or FXI 
inhibition attenuated thrombin generation on NETs [33]. 
Finally, it was shown that fibrinogen binds to DNA-rich NETs  
[34]. It is plausible that fibrin formation takes place on  
NETs following coagulation activation regardless of the 
pathway involved. Fibrin may serve to stiffen the structure 
of NETs, creating a mesh that entraps pathogens, thus 
preventing their dissemination. Using scanning electron 
microscopy imaging it has been demonstrated that fibrin 
clots formed in vitro in the presence of NET components dis-
played denser structure, which is more resistant to lysis [35].

It is worth mentioning that positively-charged nu-
cleosomes located at the site of injury can attract nega-
tively-charged tissue factor pathway inhibitor (TFPI) [2]. 
NET-associated proteins, namely NE and cathepsin G, play 
a role in promoting fibrin formation on NETs, since they 
have been demonstrated to inhibit TFPI, a major inhibitor 
of the extrinsic coagulation pathway [2]. Further research is 
needed to clarify the role of TFPI in the cross-talk between 
NETosis and blood coagulation. 

Enhanced NETosis exerts potent proinflammatory 
effects. An overabundant discharge or malfunction of 
NETs may initiate and enhance inflammatory reactions, 
leading to potential harm to tissues and various disease 
conditions. Components of NETs, such as histones, of cir-
culating DNA, can transform into self-antigens, resulting in 
inflammation, tissue toxicity and thrombosis [29]. There-
fore, maintaining a balance between NETosis activation and 
inhibition seems to be of major importance in a variety of 
disease states, including atherosclerotic vascular disease 
and its thrombotic manifestations. 

NETosis in CVDs
Growing evidence has established a link between en-
hanced NETs formation or insufficient NETs degradation 
and the underlying mechanisms of various CVDs driven 
by inflammatory responses (Figure 2). 

Coronary artery disease (CAD)
The involvement of NETosis in atherosclerosis may result 
from infections and stimulation of neutrophils by bacterial 
components [36] or from a non-infectious activation of 
neutrophils within atherosclerotic plaques by cholesterol 
crystals and the interplay between neutrophils and mac-
rophages, amplifying the immune response [37]. 

In 2012, Megens and co-workers [38] were the first to 
report the presence of NETs within atherosclerotic plaques, 
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Figure 1. Receptors and corresponding stimuli activating the release of neutrophil extracellular traps (NETs). Pathogen-associated molecular 
patters (PAMPs) and damage-associated molecular patterns (DAMPs) activate receptors such as C-type lectin (CLRs), cytoplasmic nucleo-
tide-binding oligomerization domain (NOD)-like receptors as well as toll-like receptors (TLRs), called together as pathogen-recognition recep-
tors (PRRs). Moreover, transmembrane receptors such as receptor for advanced glycation end products (RAGE) binding platelet-derived high 
mobility group box 1 (HMGB1) protein, Fc fragments receptors (FcR), P-selectin glycoprotein ligand-1 (PSGL-1) binding P-selectin released 
by activated platelets, and cytokine (for interleukin [IL]-1β, tumor necrosis factor-1α [TNF-1α], and IL-8) or chemokine receptors, including 
receptors for complement components C3a and C5a (C3aR and C5aR1) are able to activate enzymes involved in NETs generation, such as 
myeloperoxidase (MPO), neutrophil elastase (NE), and protein arginine deiminase 4 (PAD4) in nicotinamide adenine dinucleotide phosphate 
oxidase (NADPH oxidase)-dependent mechanism. PAD4 can be also activated directly by an influx of calcium ions (Ca2+) through the small 
conductance potassium channel member three (SK3). MPO, NE, and PAD4 are responsible for chromatin decondensation and histone citrulli-
nation, leading to NETs formation

precisely in the luminal region. Borissoff et al. [39] in a study 
comprising 282 individuals with CAD showed associations 
between elevated levels of circulating DNA, nucleosomes, 
citrullinated histone H4, and MPO-DNA complexes with 
thrombin-antithrombin complexes. These were linked to 
the severity of CAD and the occurrence of major adverse 
cardiac events. This study strongly suggested that NETs 
contribute to the progression of atherosclerosis. 

Fibrin forms the primary matrix of thrombi intertwined 
with DNA, derived from NETs, which has been shown in 
intracoronary thrombi from acute MI patients, particularly 
within fresh and lytic but not in organized thrombi [40]. Two 
studies provided additional evidence that NETs are involved 
in acute MI and the no-reflow phenomenon after reper-
fusion [41, 42]. Savchenko et al. [42] showed in a mouse 
model that cardiac ischemia induced NETs formation and 
DNase treatment reduced NETs accumulation. Similarly, Ge 
et al. [41] reported that addition of DNase I to thrombolytic 
therapy reduced NETosis, limited the no-reflow area, and 
showed beneficial effects for left ventricular function in 
rats. Mangold et al. [43] investigated 111 patients with 
ST-segment elevation MI (STEMI) who were undergoing 

primary percutaneous coronary intervention. They found 
that markers of NETosis and neutrophil activation, including 
nucleosomes, double-stranded DNA, NE, and MPO, are ele-
vated in the culprit lesion site. NETs were identified within 
coronary thrombi retrieved during thrombectomy and the 
extent of NETosis was positively associated with the infarct 
size and negatively with ST-segment resolution [43]. Stakos 
et al. [44] in 18 patients with STEMI showed that thrombi 
from the culprit artery were rich in NETs expressing TF. The 
largest study performed on 253 thrombi from patients with 
stent thrombosis revealed the presence of NETs in 23% of 
samples, highlighting the role of NETs in coronary throm-
bosis [45]. It is unclear as to whether NETosis markers can 
predict major adverse coronary events in CAD.

Peripheral arterial disease (PAD)
PAD, often secondary to atherosclerosis, coexists com-
monly with CAD and shows association with a prothrom-
botic state [46]. Little is known about the role of NETosis 
in PAD. In 79 patients with PAD citH3 and cell-free DNA 
levels tended to be higher compared to healthy controls 
[47]. Circulating citH3 were associated with P-selectin 
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Figure 1. Receptors and corresponding stimuli activating the release of neutrophil extracellular traps (NETs). Pathogen-associated molecular 
patters (PAMPs) and damage-associated molecular patterns (DAMPs) activate receptors such as C-type lectin (CLRs), cytoplasmic nucleo-
tide-binding oligomerization domain (NOD)-like receptors as well as toll-like receptors (TLRs), called together as pathogen-recognition recep-
tors (PRRs). Moreover, transmembrane receptors such as receptor for advanced glycation end products (RAGE) binding platelet-derived high 
mobility group box 1 (HMGB1) protein, Fc fragments receptors (FcR), P-selectin glycoprotein ligand-1 (PSGL-1) binding P-selectin released 
by activated platelets, and cytokine (for interleukin [IL]-1β, tumor necrosis factor-1α [TNF-1α], and IL-8) or chemokine receptors, including 
receptors for complement components C3a and C5a (C3aR and C5aR1) are able to activate enzymes involved in NETs generation, such as 
myeloperoxidase (MPO), neutrophil elastase (NE), and protein arginine deiminase 4 (PAD4) in nicotinamide adenine dinucleotide phosphate 
oxidase (NADPH oxidase)-dependent mechanism. PAD4 can be also activated directly by an influx of calcium ions (Ca2+) through the small 
conductance potassium channel member three (SK3). MPO, NE, and PAD4 are responsible for chromatin decondensation and histone citrulli-
nation, leading to NETs formation

precisely in the luminal region. Borissoff et al. [39] in a study 
comprising 282 individuals with CAD showed associations 
between elevated levels of circulating DNA, nucleosomes, 
citrullinated histone H4, and MPO-DNA complexes with 
thrombin-antithrombin complexes. These were linked to 
the severity of CAD and the occurrence of major adverse 
cardiac events. This study strongly suggested that NETs 
contribute to the progression of atherosclerosis. 

Fibrin forms the primary matrix of thrombi intertwined 
with DNA, derived from NETs, which has been shown in 
intracoronary thrombi from acute MI patients, particularly 
within fresh and lytic but not in organized thrombi [40]. Two 
studies provided additional evidence that NETs are involved 
in acute MI and the no-reflow phenomenon after reper-
fusion [41, 42]. Savchenko et al. [42] showed in a mouse 
model that cardiac ischemia induced NETs formation and 
DNase treatment reduced NETs accumulation. Similarly, Ge 
et al. [41] reported that addition of DNase I to thrombolytic 
therapy reduced NETosis, limited the no-reflow area, and 
showed beneficial effects for left ventricular function in 
rats. Mangold et al. [43] investigated 111 patients with 
ST-segment elevation MI (STEMI) who were undergoing 

primary percutaneous coronary intervention. They found 
that markers of NETosis and neutrophil activation, including 
nucleosomes, double-stranded DNA, NE, and MPO, are ele-
vated in the culprit lesion site. NETs were identified within 
coronary thrombi retrieved during thrombectomy and the 
extent of NETosis was positively associated with the infarct 
size and negatively with ST-segment resolution [43]. Stakos 
et al. [44] in 18 patients with STEMI showed that thrombi 
from the culprit artery were rich in NETs expressing TF. The 
largest study performed on 253 thrombi from patients with 
stent thrombosis revealed the presence of NETs in 23% of 
samples, highlighting the role of NETs in coronary throm-
bosis [45]. It is unclear as to whether NETosis markers can 
predict major adverse coronary events in CAD.

Peripheral arterial disease (PAD)
PAD, often secondary to atherosclerosis, coexists com-
monly with CAD and shows association with a prothrom-
botic state [46]. Little is known about the role of NETosis 
in PAD. In 79 patients with PAD citH3 and cell-free DNA 
levels tended to be higher compared to healthy controls 
[47]. Circulating citH3 were associated with P-selectin 
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expression in response to exogenous thrombin-receptor 
activating peptide or arachidonic acid, while cell-free 
DNA was associated with P-selectin expression and ac-
tivated glycoprotein IIb/IIIa after in vitro platelet activa-
tion using arachidonic acid [47]. Following infrainguinal 
angioplasty with stent implantation, increased levels of 
citH3 and cell-free DNA on admission predicted ischemic 
outcomes during 2-year follow-up [47]. Toth et al. [48] 
assessed 19 PAD and 18 CAD patients and reported that 
in PAD and CAD patients with dyslipidemia (n = 15) and 
high prevalence of atherothrombosis, DNA content was 
positively associated with the amounts of von Willebrand 
factor within thrombi.

No difference in circulating MPO-DNA levels was 
shown between symptomatic PAD patients compared 
with healthy controls. However, increased neutrophil de-
granulation was found to be related with PAD along with 
its prognostic role for major adverse cardiac events [49]. 

Heart failure
Mechanisms leading to HF involve inflammation, en-
dothelial dysfunction, abnormal cardiac metabolism, 
cardiomyocyte hypertrophy or cardiac fibrosis [50, 51]. To 
the best of our knowledge there are few reports linking 
HF with NETosis. 

Increased circulating MPO levels were identified as 
an independent risk factor for the onset and persistence 
of chronic HF [52, 53]. La Rocca et al. [54] suggested that 
this phenomenon is associated with MPO-associated 
chlorination or nitration of protein tyrosine, resulting in 
protein malfunction and endothelial damage. In an ani-
mal experiment involving lipodystrophic mice, which are 
prone to development of HF with preserved EF, showed 
that NETs-associated interstitial fibrosis contributes to 
ventricular stiffness. Moreover, NETs can be deposited 
within cardiac tissue as large amorphous structures [55]. 
A role of NETs in cardiac fibrosis has been demonstrated 

Figure 2. The involvement of NETosis in cardiovascular diseases (CVDs). NETs formation in circulating blood or tissues contributes to platelet 
activation, thrombin generation, and in loco inflammation in myocardial infarction (MI), coronary artery disease (CAD), and stroke. In periphe-
ral arterial disease (PAD) no differences in circulating NETs markers were observed compared to controls, however, levels of cell-free DNA 
(cfDNA) and citrullinated histone H3 (citH3) correlated with P-selectin following platelet activation. Myeloperoxidase (MPO) was identified as 
an independent predictor of heart failure (HF) development. In ischemic stroke MPO-DNA complexes were associated with platelet-derived 
high mobility group box 1 (HMGB1) levels and neurological function. Prothrombotic fibrin clot phenotype, involving formation of more com-
pact fibrin network and reduced susceptibility to fibrinolysis, in association with enhanced NETosis predisposed to cerebrovascular events 
in atrial fibrillation (AF). In aortic stenosis (AS) elevated plasma citH3 levels, together with increased valvular expression of citH3, MPO, and 
neutrophil elastase (NE) were observed. The image presents human neutrophils stimulated for 180 min with phorbol 12-myristate 13-acetate 
(PMA, final concentration 600 nM) and hematoxylin stained after stimulation. Magnification, 40×. Created with BioRender.com (agreement 
No. YZ262U4X94)
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DNA was associated with P-selectin expression and ac-
tivated glycoprotein IIb/IIIa after in vitro platelet activa-
tion using arachidonic acid [47]. Following infrainguinal 
angioplasty with stent implantation, increased levels of 
citH3 and cell-free DNA on admission predicted ischemic 
outcomes during 2-year follow-up [47]. Toth et al. [48] 
assessed 19 PAD and 18 CAD patients and reported that 
in PAD and CAD patients with dyslipidemia (n = 15) and 
high prevalence of atherothrombosis, DNA content was 
positively associated with the amounts of von Willebrand 
factor within thrombi.

No difference in circulating MPO-DNA levels was 
shown between symptomatic PAD patients compared 
with healthy controls. However, increased neutrophil de-
granulation was found to be related with PAD along with 
its prognostic role for major adverse cardiac events [49]. 

Heart failure
Mechanisms leading to HF involve inflammation, en-
dothelial dysfunction, abnormal cardiac metabolism, 
cardiomyocyte hypertrophy or cardiac fibrosis [50, 51]. To 
the best of our knowledge there are few reports linking 
HF with NETosis. 

Increased circulating MPO levels were identified as 
an independent risk factor for the onset and persistence 
of chronic HF [52, 53]. La Rocca et al. [54] suggested that 
this phenomenon is associated with MPO-associated 
chlorination or nitration of protein tyrosine, resulting in 
protein malfunction and endothelial damage. In an ani-
mal experiment involving lipodystrophic mice, which are 
prone to development of HF with preserved EF, showed 
that NETs-associated interstitial fibrosis contributes to 
ventricular stiffness. Moreover, NETs can be deposited 
within cardiac tissue as large amorphous structures [55]. 
A role of NETs in cardiac fibrosis has been demonstrated 

Figure 2. The involvement of NETosis in cardiovascular diseases (CVDs). NETs formation in circulating blood or tissues contributes to platelet 
activation, thrombin generation, and in loco inflammation in myocardial infarction (MI), coronary artery disease (CAD), and stroke. In periphe-
ral arterial disease (PAD) no differences in circulating NETs markers were observed compared to controls, however, levels of cell-free DNA 
(cfDNA) and citrullinated histone H3 (citH3) correlated with P-selectin following platelet activation. Myeloperoxidase (MPO) was identified as 
an independent predictor of heart failure (HF) development. In ischemic stroke MPO-DNA complexes were associated with platelet-derived 
high mobility group box 1 (HMGB1) levels and neurological function. Prothrombotic fibrin clot phenotype, involving formation of more com-
pact fibrin network and reduced susceptibility to fibrinolysis, in association with enhanced NETosis predisposed to cerebrovascular events 
in atrial fibrillation (AF). In aortic stenosis (AS) elevated plasma citH3 levels, together with increased valvular expression of citH3, MPO, and 
neutrophil elastase (NE) were observed. The image presents human neutrophils stimulated for 180 min with phorbol 12-myristate 13-acetate 
(PMA, final concentration 600 nM) and hematoxylin stained after stimulation. Magnification, 40×. Created with BioRender.com (agreement 
No. YZ262U4X94)
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in PAD4-knockout mice [56]. The authors showed that 
in this model protection from heart/lung fibrosis and 
improvement in left ventricular ejection fraction was 
found compared to wild-type mice, with a similar effect 
after DNase 1 supplementation [56]. Langseth et al. [57] 
reported in 61 STEMI patients with symptomatic acute HF 
that circulating levels of cell free DNA, MPO-DNA complex-
es, and IL-8 correlated with myocardial function but not 
myocardial recovery. 

Ischemic stroke
Neutrophils are the initial immune cells that enter into the 
brain tissue shortly following an acute ischemic stroke (AIS), 
and contribute to brain injury within the ischemic region 
[58]. In 2012 De Meyer et al. [59] showed increased levels 
of circulating NETs components, such as nucleosomes, 
cell-free DNA, and histones in mice with experimental 
ischemic stroke. Moreover, histones contributed to cere-
bral ischemia/reperfusion injury and targeting of histones 
and DNA improved stroke outcome [59]. Laridan et al. 
[60] have shown for the first time that NETs are present in 
cerebral thrombi during AIS. Interestingly, NETs amount 
was largely higher in strokes of cardioembolic compared 
to non-cardioembolic origin. Additionally, thrombi older 
than 1 day exhibited higher neutrophil count compared 
to fresh thrombi [60]. 

In the study by Vallés et al. [61] performed on 243 AIS 
patients who were compared to 27 healthy controls, the 
highest quartile of citH3 (>0.284 AU) was independently 
associated with all-cause mortality at one-year follow-up 
(odds ratio [OR], 7.06; 95% confidence interval [CI], 
1.63–30.5). In contrast, no associations with cfDNA or nu-
cleosomes were found [61]. 

Elevated citH3 along with higher von Willebrand factor 
levels assessed on admission predicted AF-related cere-
brovascular ischemic events, including ischemic stroke or 
transient ischemic attack during long-term anticoagulation 
[62]. This observation suggests a potential predictive value 
of NETosis markers in AF. Kollikowski et al. [63] showed in 
AIS patients that MPO concentrations assessed in cerebral 
arterial blood samples correlated positively with the num-
ber of neutrophils infiltrating the ischemic brain area, local 
platelet count, and neutrophil-activating peptide 2 (NAP-2), 
a primary platelet-derived neutrophil chemoattractant. 
Moreover, brain MPO levels were associated with functional 
clinical outcome assessed using modified Rankin scale. 
A recent study by Denorme et al. [64] performed in AIS 
patients and on a mouse model supported a pathological 
role of NETs in AIS. NETs were detected in the brain tissue 
samples of patients, irrespectively of stroke severity, and 
platelet-derived HMGB1 was correlated with NETs forma-
tion in this group of patients [64]. This study also showed 
on a model of HMGB1-knockout mice that platelets are 
a critical source of HMGB1 and that HMGB1-knockout mice 
had reduced plasma NETs and improved stroke outcomes 
[64]. In conclusion, NETs contribute to AIS and further stud-

ies are needed to elucidate whether therapeutic strategies 
aimed at NETosis inhibition may be beneficial to reduce 
stroke severity or improve stroke outcomes. 

Atrial fibrillation 
Little is known about the role of NETs in AF. Both experi-
mental and clinical data have shown that MPO, an enzyme 
released upon neutrophil activation, plays a role in the 
pathogenesis of AF [62, 65]. In experiments involving right 
atrial electrophysiological stimulation, mice deficient in 
MPO did not develop AF [65]. However, when MPO was 
administered, this protective effect was reversed, leading 
to a similar degree of atrial fibrosis as observed in wild type 
mice treated with MPO for 7 days [65]. This observation 
suggests that MPO is a vital factor in myocardial remode-
ling, ultimately increasing susceptibility to AF. Also NE was 
shown to be elevated in AF patients compared to healthy 
subjects and the highest NE concentrations (>55.3 ng/ml) 
predicted ACEs (HR, 1.84; 95% CI, 1.01–3.76) in this group 
of patients [66]. Increased levels of NETs markers, including 
elevated citH3 concentrations characterized AF patients 
at high thromboembolic risk during long-term follow-up 
(Figure 3) [62]. Moreover, citH3 levels were associated with 
formation of denser fibrin clots, explaining about 5% of 
variation in clot porosity [62]. More compact fibrin clots 
were composed of thinner fibers and were more resistant to 
fibrinolysis [62]. These observations suggest that enhanced 
NETosis may contribute to a prothrombotic state observed 
in AF patients. Of note, in AF patients positive correlations 
between citH3 levels, 3-nitrotyrosine, as a marker of protein 
oxidation, and NAP-2 were found, emphasizing the role of 
oxidative stress and an interplay between neutrophils and 
platelets in AF [67]. Whether NETosis may be involved in the 
pathogenesis of AF remains to be established.

Aortic stenosis
Aortic stenosis (AS) is the most common acquired 
valvular heart disease in the adult population [68]. AS 
is closely linked to atherosclerosis, with similar risk 
factors and underlying pathomechanisms, such as 
chronic inflammation driven by oxidatively modified 
low-density lipoproteins (oxLDLs) followed by an influx 
of monocytes transforming into macrophages and the 
resulting calcification [68]. Moreover, prothrombotic 
state and hypofibrinolysis have been shown to contrib-
ute to AS progression [69]. The activity of MPO can also 
contribute to LDL modifications, which can effectively 
function as damage-associated molecular patterns 
(DAMPs) known to initiate atherosclerosis [70]. Awasthi  
et al. [71] reported that oxLDLs, especially lysophosphati-
dylcholine, facilitate NETs formation in humans, which 
favored endothelial inflammation in a vicious cycle. In 
2019 Kopytek et al. [72] showed that AS patients compared 
to healthy controls had above 80% higher plasma citH3  
levels and the presence of citH3/MPO- and citH3/NE-pos-
itive NETs was demonstrated within stenotic aortic valves  
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in PAD4-knockout mice [56]. The authors showed that 
in this model protection from heart/lung fibrosis and 
improvement in left ventricular ejection fraction was 
found compared to wild-type mice, with a similar effect 
after DNase 1 supplementation [56]. Langseth et al. [57] 
reported in 61 STEMI patients with symptomatic acute HF 
that circulating levels of cell free DNA, MPO-DNA complex-
es, and IL-8 correlated with myocardial function but not 
myocardial recovery. 

Ischemic stroke
Neutrophils are the initial immune cells that enter into the 
brain tissue shortly following an acute ischemic stroke (AIS), 
and contribute to brain injury within the ischemic region 
[58]. In 2012 De Meyer et al. [59] showed increased levels 
of circulating NETs components, such as nucleosomes, 
cell-free DNA, and histones in mice with experimental 
ischemic stroke. Moreover, histones contributed to cere-
bral ischemia/reperfusion injury and targeting of histones 
and DNA improved stroke outcome [59]. Laridan et al. 
[60] have shown for the first time that NETs are present in 
cerebral thrombi during AIS. Interestingly, NETs amount 
was largely higher in strokes of cardioembolic compared 
to non-cardioembolic origin. Additionally, thrombi older 
than 1 day exhibited higher neutrophil count compared 
to fresh thrombi [60]. 

In the study by Vallés et al. [61] performed on 243 AIS 
patients who were compared to 27 healthy controls, the 
highest quartile of citH3 (>0.284 AU) was independently 
associated with all-cause mortality at one-year follow-up 
(odds ratio [OR], 7.06; 95% confidence interval [CI], 
1.63–30.5). In contrast, no associations with cfDNA or nu-
cleosomes were found [61]. 

Elevated citH3 along with higher von Willebrand factor 
levels assessed on admission predicted AF-related cere-
brovascular ischemic events, including ischemic stroke or 
transient ischemic attack during long-term anticoagulation 
[62]. This observation suggests a potential predictive value 
of NETosis markers in AF. Kollikowski et al. [63] showed in 
AIS patients that MPO concentrations assessed in cerebral 
arterial blood samples correlated positively with the num-
ber of neutrophils infiltrating the ischemic brain area, local 
platelet count, and neutrophil-activating peptide 2 (NAP-2), 
a primary platelet-derived neutrophil chemoattractant. 
Moreover, brain MPO levels were associated with functional 
clinical outcome assessed using modified Rankin scale. 
A recent study by Denorme et al. [64] performed in AIS 
patients and on a mouse model supported a pathological 
role of NETs in AIS. NETs were detected in the brain tissue 
samples of patients, irrespectively of stroke severity, and 
platelet-derived HMGB1 was correlated with NETs forma-
tion in this group of patients [64]. This study also showed 
on a model of HMGB1-knockout mice that platelets are 
a critical source of HMGB1 and that HMGB1-knockout mice 
had reduced plasma NETs and improved stroke outcomes 
[64]. In conclusion, NETs contribute to AIS and further stud-

ies are needed to elucidate whether therapeutic strategies 
aimed at NETosis inhibition may be beneficial to reduce 
stroke severity or improve stroke outcomes. 

Atrial fibrillation 
Little is known about the role of NETs in AF. Both experi-
mental and clinical data have shown that MPO, an enzyme 
released upon neutrophil activation, plays a role in the 
pathogenesis of AF [62, 65]. In experiments involving right 
atrial electrophysiological stimulation, mice deficient in 
MPO did not develop AF [65]. However, when MPO was 
administered, this protective effect was reversed, leading 
to a similar degree of atrial fibrosis as observed in wild type 
mice treated with MPO for 7 days [65]. This observation 
suggests that MPO is a vital factor in myocardial remode-
ling, ultimately increasing susceptibility to AF. Also NE was 
shown to be elevated in AF patients compared to healthy 
subjects and the highest NE concentrations (>55.3 ng/ml) 
predicted ACEs (HR, 1.84; 95% CI, 1.01–3.76) in this group 
of patients [66]. Increased levels of NETs markers, including 
elevated citH3 concentrations characterized AF patients 
at high thromboembolic risk during long-term follow-up 
(Figure 3) [62]. Moreover, citH3 levels were associated with 
formation of denser fibrin clots, explaining about 5% of 
variation in clot porosity [62]. More compact fibrin clots 
were composed of thinner fibers and were more resistant to 
fibrinolysis [62]. These observations suggest that enhanced 
NETosis may contribute to a prothrombotic state observed 
in AF patients. Of note, in AF patients positive correlations 
between citH3 levels, 3-nitrotyrosine, as a marker of protein 
oxidation, and NAP-2 were found, emphasizing the role of 
oxidative stress and an interplay between neutrophils and 
platelets in AF [67]. Whether NETosis may be involved in the 
pathogenesis of AF remains to be established.

Aortic stenosis
Aortic stenosis (AS) is the most common acquired 
valvular heart disease in the adult population [68]. AS 
is closely linked to atherosclerosis, with similar risk 
factors and underlying pathomechanisms, such as 
chronic inflammation driven by oxidatively modified 
low-density lipoproteins (oxLDLs) followed by an influx 
of monocytes transforming into macrophages and the 
resulting calcification [68]. Moreover, prothrombotic 
state and hypofibrinolysis have been shown to contrib-
ute to AS progression [69]. The activity of MPO can also 
contribute to LDL modifications, which can effectively 
function as damage-associated molecular patterns 
(DAMPs) known to initiate atherosclerosis [70]. Awasthi  
et al. [71] reported that oxLDLs, especially lysophosphati-
dylcholine, facilitate NETs formation in humans, which 
favored endothelial inflammation in a vicious cycle. In 
2019 Kopytek et al. [72] showed that AS patients compared 
to healthy controls had above 80% higher plasma citH3  
levels and the presence of citH3/MPO- and citH3/NE-pos-
itive NETs was demonstrated within stenotic aortic valves  
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Figure 3. Elevated levels of circulating NETosis-related markers in patients with AF who experienced thrombotic cerebrovascular events 
during long-term follow-up. Circulating NETs markers were assessed in 243 AF patients (aged, 69 [64–75], 44% women) off anticoagulation. 
As many as 20 patients (8.2%) experienced thrombotic cerebrovascular events (ischemic stroke or transient ischemic attacks) during a medi-
an follow-up of 53 months despite anticoagulation (based on [62])

Abbreviations: TIA, transient ischemic attack; other — see Figures 1 and 2
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Figure 4. Specific biomarkers of neutrophil extracellular traps (NETs) within stenotic aortic valves. Aortic valve samples, dissected during 
surgical aortic valve replacement, were embedded in Tissue Tec-OCT compound (Sakura, Torrance, CA, USA) and cryosectioned onto Su-
perFrost slides (5 μm) (Menzel-Glaser, Braunschweig, Germany) by a Leica CM 1520 cryostat (Wetzlar, Germany). Single-label fluorescence 
was performed using monoclonal antibodies against citrullinated histones H3 (citH3; 1:250; Abcam, Cambridge, UK, cat. No. ab219407) or 
myeloperoxidase (MPO; 1:1000; GeneTex, Irvine, CA, USA, cat. No. GTX75318). Primary antibodies, incubated overnight at 4°C, were followed 
by the corresponding secondary antibodies conjugated with AlexaFluor 488 or AlexaFluor 594 (1:1500, Abcam, Cambridge, UK, cat. No. 
ab150073 and ab150116) at room temperature for 1 hour. Double-label immunofluorescence was performed using the same antibodies.  
A negative control (without primary antibody) was included. The semi-quantitative analyses were performed using Olympus BX 43  
microscope equipped with software Cell Sense Standard (version 11.0.06). citH3 stained in green, MPO stained in red, Δ merged citH3 and 
MPO stained in yellow (A). A negative control stained without citH3 primary antibody (B). Cell nuclei are stained in blue (DAPI, Sigma Aldrich, 
Co, St. Louis, MO, US). Images were performed for the purposes of the study described previously [72]. #Autofluorescence of collagen fibers; 
*Aortic site of the leaflet. Original magnification 40×

(Figure  4). Importantly, the valvular expression of NETs 
markers correlated with AS severity. The authors conclud-
ed that the small amount of valvular NETs may contribute 
to AS progression [72]. Further studies are needed to es-
tablish whether valvular NETosis results from neutrophil 
interaction with oxLDL or with platelets/macrophages. 

Therapeutic interventions to suppress NETosis
Controlling NETosis could present a promising approach 
for the treatment of NETs-associated cardiovascular man-
ifestations especially in cases resistant to available strate-
gies. The use of agents that can inhibit NETosis or degrade 
NETs to reduce inflammation and prevent thrombosis has 
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perFrost slides (5 μm) (Menzel-Glaser, Braunschweig, Germany) by a Leica CM 1520 cryostat (Wetzlar, Germany). Single-label fluorescence 
was performed using monoclonal antibodies against citrullinated histones H3 (citH3; 1:250; Abcam, Cambridge, UK, cat. No. ab219407) or 
myeloperoxidase (MPO; 1:1000; GeneTex, Irvine, CA, USA, cat. No. GTX75318). Primary antibodies, incubated overnight at 4°C, were followed 
by the corresponding secondary antibodies conjugated with AlexaFluor 488 or AlexaFluor 594 (1:1500, Abcam, Cambridge, UK, cat. No. 
ab150073 and ab150116) at room temperature for 1 hour. Double-label immunofluorescence was performed using the same antibodies.  
A negative control (without primary antibody) was included. The semi-quantitative analyses were performed using Olympus BX 43  
microscope equipped with software Cell Sense Standard (version 11.0.06). citH3 stained in green, MPO stained in red, Δ merged citH3 and 
MPO stained in yellow (A). A negative control stained without citH3 primary antibody (B). Cell nuclei are stained in blue (DAPI, Sigma Aldrich, 
Co, St. Louis, MO, US). Images were performed for the purposes of the study described previously [72]. #Autofluorescence of collagen fibers; 
*Aortic site of the leaflet. Original magnification 40×

(Figure  4). Importantly, the valvular expression of NETs 
markers correlated with AS severity. The authors conclud-
ed that the small amount of valvular NETs may contribute 
to AS progression [72]. Further studies are needed to es-
tablish whether valvular NETosis results from neutrophil 
interaction with oxLDL or with platelets/macrophages. 

Therapeutic interventions to suppress NETosis
Controlling NETosis could present a promising approach 
for the treatment of NETs-associated cardiovascular man-
ifestations especially in cases resistant to available strate-
gies. The use of agents that can inhibit NETosis or degrade 
NETs to reduce inflammation and prevent thrombosis has 
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been assessed in cardiovascular patients or animal models 
of CVD. However until now there have been no reliable 
studies able to confirm that any of the therapies tested 
can substantially suppress NETosis in such patients lead-
ing to clinical benefits, though a few candidates deserve 
further investigation.

Recombinant human DNase-I (rhDNase-I)
Elevated double stranded-DNA levels within the 2nd to 4th 
quartiles were independently linked to a two-fold increase 
in the risk of experiencing the composite outcome of unsta-
ble angina, non-hemorrhagic stroke, acute MI, or all-cause 
mortality. This relationship was observed independently of 
the specific treatment received and markers associated with 
hypercoagulability [73]. DNase-I, an enzyme that selectively 
cleaves extracellular DNA, serves multiple roles, such as re-
ducing neutrophil infiltration, regulating biofilm formation, 
assisting in pathogen invasion, degrading DNA matrices, 
and modulating immune functions via effective break down 
of DNA-nucleoprotein complexes and immune complexes 
[74]. Studies have demonstrated that rhDNase-I provides 
therapeutic benefits in conditions like lupus nephritis or 
systemic lupus erythematosus. Despite numerous studies 
evaluating the effect of rhDNase on NETs, which showed 
reduced NETosis and inflammatory response [75–77], to our 
knowledge, there have been no studies investigating DNases 
in CVD patients. This approach may be controversial due to 
studies showing that neutrophil components can limit in-
flammatory response, restrict the area of myocardial injury or 
initiate repair in a process of conversion macrophages to a re-
parative phenotype [78]. Moreover, a mouse model showed 
that neutrophil depletion impairs myocardial function and 
HF development [78]. However, it was demonstrated in HF 
patients that statins [79] and metformin [80] can effectively 
decrease NETosis by exerting anti-inflammatory effects 
and additionally by their ability to reduce plasma MPO lev-
els. Metformin also reduced the levels of NE, proteinase-3, 
histones, and cfDNA, while a similar effect was not observed 
for glucose control with insulin [80]. 

Acetylsalicylic acid (Aspirin) 
This antiplatelet agent can also affect NETs formation. 
Platelets take part in activating NETosis, therefore the 
inhibition of this action, using antiplatelet therapy, has 
the potential to inhibit NET formation [81]. Lapponi et al. 
[82] demonstrated that aspirin prevented NETs formation 
by inhibiting a transcriptional pathway controlled by nu-
clear factor kappa B (NFκB). Interestingly, dexamethasone 
had no effect on NETosis in this model [83]. On the other 
hand, dexamethasone, an inhibitor of TLR-2 and 4, reduced  
NETosis in COVID patients [83]. 

Antithrombotic drugs, such as heparin have been 
shown to suppress histone-induced diseases, e.g., sepsis 
[84]. Unfractionated heparin, low-molecular-weight hepa-
rin (parnaparin) and non-anticoagulant heparin protected 
from organ damage and death, neutralizing a toxic effect 

of circulating histones [85, 86]. Heparin, especially the 
non-anticoagulant type, represents a novel and promising 
approach to treating patients with high levels of circulating 
histones without increasing the bleeding risk [84]. 

Activated protein C (APC), a serine protease displaying 
anticoagulant, cytoprotective, and anti-inflammatory 
activities, has been demonstrated to cleave extracellular 
histones. Moreover, pretreatment of neutrophils with APC 
prevented activated platelets from adhering to neutrophils 
and from NETosis [87], suggesting that APC could serve as 
NETosis inhibitor. Recombinant human thrombomodulin 
(rhTM) can also inhibit NETosis. Helms et al. [88] showed in 
a rat model of septic shock that rhTM reduced NETosis and 
protected inner organs from dysfunction.

Chlor-amidine (Cl-amidine), a pharmacological in-
hibitor of PAD4, administered daily for 11 weeks, reduced 
thrombosis and the size of atherosclerotic lesions in 
a mouse model of atherosclerosis [89]. In a murine model 
of systemic lupus erythematosus, Cl-amidine protected 
against NET-induced kidney injury, endothelial dysfunc-
tion, and vascular damage [90]. Another therapeutic 
option to suppress PAD4 activity is hydroxychloroquine 
[91], used to treat malaria. Hydroxychloroquine has been 
shown to inhibit NETs formation in a mouse model of he-
patic ischemia/reperfusion injury [91]. PAD4 inhibitors as 
a therapeutic option are an area of ongoing research with 
unclear safety and efficacy in humans. 

Anti-HMGB1 antibodies also diminished NET forma-
tion in the bronchoalveolar lavage fluid of lipopolysaccha-
ride-treated mice, measured as decreased levels of TNF-α, 
cell-free DNA and citH3 [92]. This observation allows to con-
sider anti-HMGB1 antibodies as a potential therapy against 
excessive NETosis, though their value in CVDs is unknown.

C1 esterase inhibitor (C1INH), an endogenous in-
hibitor of C1 component of the complement system and 
a regulator of the contact activation pathway, has been 
reported to bind histones in vitro as well as C1INH-histone 
complexes were detected in the bronchoalveolar lavage 
fluid from acute respiratory distress syndrome patients [93]. 
The positive charge of histones could be used to deliver 
negatively charged inhibitors, which might not only bind 
to and neutralize histones but also be coupled with other 
potential therapeutic agents to augment their effectiveness 
at the site of inflammation [94]. 

N-acetylcysteine used primarily in patients with chron-
ic obstructive pulmonary disease, was shown to exert an-
tioxidant properties, consequently diminishing ROS-asso-
ciated NETosis, however, its effect was not observed in the 
presence of H2O2 [95]. N-acetylcysteine reduced thrombus 
formation in vivo and decreased NETs formation in human 
neutrophils obtained from patients with hematologic ma-
lignances and healthy controls [96]. Also ROS scavengers, 
like octyl gallate [97] or methotrexate (NCT00470522) have 
been shown to reduce NETosis.

Antibiotics, such as chloramphenicol, azithromycin, 
and gentamicin, were shown to reduce NETs formation, 
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been assessed in cardiovascular patients or animal models 
of CVD. However until now there have been no reliable 
studies able to confirm that any of the therapies tested 
can substantially suppress NETosis in such patients lead-
ing to clinical benefits, though a few candidates deserve 
further investigation.

Recombinant human DNase-I (rhDNase-I)
Elevated double stranded-DNA levels within the 2nd to 4th 
quartiles were independently linked to a two-fold increase 
in the risk of experiencing the composite outcome of unsta-
ble angina, non-hemorrhagic stroke, acute MI, or all-cause 
mortality. This relationship was observed independently of 
the specific treatment received and markers associated with 
hypercoagulability [73]. DNase-I, an enzyme that selectively 
cleaves extracellular DNA, serves multiple roles, such as re-
ducing neutrophil infiltration, regulating biofilm formation, 
assisting in pathogen invasion, degrading DNA matrices, 
and modulating immune functions via effective break down 
of DNA-nucleoprotein complexes and immune complexes 
[74]. Studies have demonstrated that rhDNase-I provides 
therapeutic benefits in conditions like lupus nephritis or 
systemic lupus erythematosus. Despite numerous studies 
evaluating the effect of rhDNase on NETs, which showed 
reduced NETosis and inflammatory response [75–77], to our 
knowledge, there have been no studies investigating DNases 
in CVD patients. This approach may be controversial due to 
studies showing that neutrophil components can limit in-
flammatory response, restrict the area of myocardial injury or 
initiate repair in a process of conversion macrophages to a re-
parative phenotype [78]. Moreover, a mouse model showed 
that neutrophil depletion impairs myocardial function and 
HF development [78]. However, it was demonstrated in HF 
patients that statins [79] and metformin [80] can effectively 
decrease NETosis by exerting anti-inflammatory effects 
and additionally by their ability to reduce plasma MPO lev-
els. Metformin also reduced the levels of NE, proteinase-3, 
histones, and cfDNA, while a similar effect was not observed 
for glucose control with insulin [80]. 

Acetylsalicylic acid (Aspirin) 
This antiplatelet agent can also affect NETs formation. 
Platelets take part in activating NETosis, therefore the 
inhibition of this action, using antiplatelet therapy, has 
the potential to inhibit NET formation [81]. Lapponi et al. 
[82] demonstrated that aspirin prevented NETs formation 
by inhibiting a transcriptional pathway controlled by nu-
clear factor kappa B (NFκB). Interestingly, dexamethasone 
had no effect on NETosis in this model [83]. On the other 
hand, dexamethasone, an inhibitor of TLR-2 and 4, reduced  
NETosis in COVID patients [83]. 

Antithrombotic drugs, such as heparin have been 
shown to suppress histone-induced diseases, e.g., sepsis 
[84]. Unfractionated heparin, low-molecular-weight hepa-
rin (parnaparin) and non-anticoagulant heparin protected 
from organ damage and death, neutralizing a toxic effect 

of circulating histones [85, 86]. Heparin, especially the 
non-anticoagulant type, represents a novel and promising 
approach to treating patients with high levels of circulating 
histones without increasing the bleeding risk [84]. 

Activated protein C (APC), a serine protease displaying 
anticoagulant, cytoprotective, and anti-inflammatory 
activities, has been demonstrated to cleave extracellular 
histones. Moreover, pretreatment of neutrophils with APC 
prevented activated platelets from adhering to neutrophils 
and from NETosis [87], suggesting that APC could serve as 
NETosis inhibitor. Recombinant human thrombomodulin 
(rhTM) can also inhibit NETosis. Helms et al. [88] showed in 
a rat model of septic shock that rhTM reduced NETosis and 
protected inner organs from dysfunction.

Chlor-amidine (Cl-amidine), a pharmacological in-
hibitor of PAD4, administered daily for 11 weeks, reduced 
thrombosis and the size of atherosclerotic lesions in 
a mouse model of atherosclerosis [89]. In a murine model 
of systemic lupus erythematosus, Cl-amidine protected 
against NET-induced kidney injury, endothelial dysfunc-
tion, and vascular damage [90]. Another therapeutic 
option to suppress PAD4 activity is hydroxychloroquine 
[91], used to treat malaria. Hydroxychloroquine has been 
shown to inhibit NETs formation in a mouse model of he-
patic ischemia/reperfusion injury [91]. PAD4 inhibitors as 
a therapeutic option are an area of ongoing research with 
unclear safety and efficacy in humans. 

Anti-HMGB1 antibodies also diminished NET forma-
tion in the bronchoalveolar lavage fluid of lipopolysaccha-
ride-treated mice, measured as decreased levels of TNF-α, 
cell-free DNA and citH3 [92]. This observation allows to con-
sider anti-HMGB1 antibodies as a potential therapy against 
excessive NETosis, though their value in CVDs is unknown.

C1 esterase inhibitor (C1INH), an endogenous in-
hibitor of C1 component of the complement system and 
a regulator of the contact activation pathway, has been 
reported to bind histones in vitro as well as C1INH-histone 
complexes were detected in the bronchoalveolar lavage 
fluid from acute respiratory distress syndrome patients [93]. 
The positive charge of histones could be used to deliver 
negatively charged inhibitors, which might not only bind 
to and neutralize histones but also be coupled with other 
potential therapeutic agents to augment their effectiveness 
at the site of inflammation [94]. 

N-acetylcysteine used primarily in patients with chron-
ic obstructive pulmonary disease, was shown to exert an-
tioxidant properties, consequently diminishing ROS-asso-
ciated NETosis, however, its effect was not observed in the 
presence of H2O2 [95]. N-acetylcysteine reduced thrombus 
formation in vivo and decreased NETs formation in human 
neutrophils obtained from patients with hematologic ma-
lignances and healthy controls [96]. Also ROS scavengers, 
like octyl gallate [97] or methotrexate (NCT00470522) have 
been shown to reduce NETosis.

Antibiotics, such as chloramphenicol, azithromycin, 
and gentamicin, were shown to reduce NETs formation, 
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probably by decreased cytokine release and respiratory 
burst in a concentration-dependent manner [98]. 

Statins, potent cholesterol-lowering agents with 
pleiotropic effects used in primary and secondary CVD 
prevention [99], have shown anti-inflammatory effects in 
part by reducing NETosis, along with several antithrombotic 
and anti-inflammatory actions [79, 100].

SUMMARY
NETosis is a crucial part of the innate immune response 
and now is considered as the important mediator in ath-
erothrombosis and atherosclerosis. The most compelling 
evidence supports the role of enhanced NETs formation 
in STEMI and ischemic stroke in particular in the context 
of resistance to thrombolysis. The role of NETosis in the 
progression of atherosclerotic plaques and AS appears 
to be less pronounced. Of importance is a potential pre-
dictive value of circulating NETs markers in AF despite 
anticoagulation. Further work is needed to develop more 
refined and well standardized diagnostic tools to detect 
excessive NETosis in cardiovascular patients. Modulation 
of NETosis attracts attention though the development of 
such targeted therapies may take some time, but it holds 
promise for improving the treatment and management of 
thromboembolic manifestations of CVDs in the future. It 
is tempting to speculate that combining NETosis-targeted 
treatment with existing therapies for CVD, such as aspirin, 
statins or antithrombotic drugs, could maximize the ben-
efits. Large clinical trials to evaluate the safety and efficacy 
of NETosis-targeted treatments, alone or in combination, 
also in patients with CVDs are warranted in the next years.
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probably by decreased cytokine release and respiratory 
burst in a concentration-dependent manner [98]. 

Statins, potent cholesterol-lowering agents with 
pleiotropic effects used in primary and secondary CVD 
prevention [99], have shown anti-inflammatory effects in 
part by reducing NETosis, along with several antithrombotic 
and anti-inflammatory actions [79, 100].

SUMMARY
NETosis is a crucial part of the innate immune response 
and now is considered as the important mediator in ath-
erothrombosis and atherosclerosis. The most compelling 
evidence supports the role of enhanced NETs formation 
in STEMI and ischemic stroke in particular in the context 
of resistance to thrombolysis. The role of NETosis in the 
progression of atherosclerotic plaques and AS appears 
to be less pronounced. Of importance is a potential pre-
dictive value of circulating NETs markers in AF despite 
anticoagulation. Further work is needed to develop more 
refined and well standardized diagnostic tools to detect 
excessive NETosis in cardiovascular patients. Modulation 
of NETosis attracts attention though the development of 
such targeted therapies may take some time, but it holds 
promise for improving the treatment and management of 
thromboembolic manifestations of CVDs in the future. It 
is tempting to speculate that combining NETosis-targeted 
treatment with existing therapies for CVD, such as aspirin, 
statins or antithrombotic drugs, could maximize the ben-
efits. Large clinical trials to evaluate the safety and efficacy 
of NETosis-targeted treatments, alone or in combination, 
also in patients with CVDs are warranted in the next years.
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Editorial 
by Madeira et al.

A B S T R A C T
Background: Coronary artery fistulas (CAFs) are usually congenital coronary artery anomalies of 
termination. 

Aims: This study aimed to assess the prevalence, anatomic characteristics, and clinical significance 
of CAFs detected by computed tomography (CT) in an adult population.   

Methods: We performed 45 817 CT examinations in 39 066 subjects between 2008 and 2020. The 
electronic database was manually checked using specific keywords to identify patients with CAFs. The 
CT characteristics of CAFs were evaluated. CAF was defined as clinically significant if it was the most 
plausible cause of myocardial infarction, infective endocarditis, heart failure, death during follow-up, 
hospitalization, or if it required either percutaneous or surgical intervention.

Results: Of 39 066 patients, 56 CAFs were detected in 42 subjects (20 men, 47.6%) with a prevalence 
of 0.11%. Most CAFs originated from the right coronary artery (RCA) (48.2%) and drained into the 
pulmonary artery (PA) (58.9%). CAFs terminating in the PA were more frequently multiple (P <0.001) 
and tortuous (P <0.001) as compared to CAFs without PA drainage. Clinically significant CAFs, iden-
tified in 7 of 42 patients, were more common in younger (P = 0.03) and male (P = 0.04) subjects and 
had larger lumen area and diameter at the site of origin (P = 0.03, P = 0.03, respectively).

Conclusions: In the unselected adult population undergoing coronary CT angiography, the RCA 
and the PA are the most common sites of origin and termination of CAFs, respectively. CAFs draining 
into the PA are more often multiple and tortuous. Clinically meaningful CAFs are larger and most 
frequently detected in younger and male patients.
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A B S T R A C T
Background: Coronary artery fistulas (CAFs) are usually congenital coronary artery anomalies of 
termination. 

Aims: This study aimed to assess the prevalence, anatomic characteristics, and clinical significance 
of CAFs detected by computed tomography (CT) in an adult population.   

Methods: We performed 45 817 CT examinations in 39 066 subjects between 2008 and 2020. The 
electronic database was manually checked using specific keywords to identify patients with CAFs. The 
CT characteristics of CAFs were evaluated. CAF was defined as clinically significant if it was the most 
plausible cause of myocardial infarction, infective endocarditis, heart failure, death during follow-up, 
hospitalization, or if it required either percutaneous or surgical intervention.

Results: Of 39 066 patients, 56 CAFs were detected in 42 subjects (20 men, 47.6%) with a prevalence 
of 0.11%. Most CAFs originated from the right coronary artery (RCA) (48.2%) and drained into the 
pulmonary artery (PA) (58.9%). CAFs terminating in the PA were more frequently multiple (P <0.001) 
and tortuous (P <0.001) as compared to CAFs without PA drainage. Clinically significant CAFs, iden-
tified in 7 of 42 patients, were more common in younger (P = 0.03) and male (P = 0.04) subjects and 
had larger lumen area and diameter at the site of origin (P = 0.03, P = 0.03, respectively).

Conclusions: In the unselected adult population undergoing coronary CT angiography, the RCA 
and the PA are the most common sites of origin and termination of CAFs, respectively. CAFs draining 
into the PA are more often multiple and tortuous. Clinically meaningful CAFs are larger and most 
frequently detected in younger and male patients.
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W H A T ’ S  N E W ?
Congenital coronary artery fistulas (CAFs) are rare coronary artery anomalies of termination, usually detected incidentally. Al-
though CAFs are mainly asymptomatic, some of them might be of clinical importance and lead to myocardial infarction, heart 
failure, infective endocarditis, or even death. Clinically significant CAFs are not only more frequently detected in younger and 
male patients but are also larger, and often with wall calcifications. To our knowledge, the current study represents the largest 
computed tomographic study on congenital coronary artery fistulas in an adult population to date. 

[3–6]. Although the vast majority of CAFs are asympto-
matic, clinical manifestation of CAFs depends on their 
size along with the direction and volume of blood flow 
[7, 8]. Our study aimed to assess the prevalence, anatomic 
characteristics, and clinical significance of CAFs diagnosed 
with CT in adults.  

METHODS
The study was approved by the Local Ethics Committee and 
complied with the Declaration of Helsinki. Between Febru-
ary 2008 and November 2020, there were 45 817 coronary 
CT examinations performed in 39 066 subjects in a single 
high-volume cardiac center. To select patients with CAF, 
the electronic database of all coronary CT reports was 
manually screened with the use of specific keywords. Based 
on that electronic database, all demographic and clinical 
data were collected. Information about clinical conditions 
during follow-up time was obtained based on a telephone 
survey (February–April 2021). Heart failure (HF) with at least 
mildly reduced ejection fraction was diagnosed based on 
the coexistence of classical signs and symptoms of HF to-
gether with impaired left ventricular ejection fraction (LVEF) 
<50% [9, 10]. The probability of pulmonary hypertension 
(PH) was estimated based on the systolic pulmonary arte-
rial pressure (sPAP) [11]. To assess sPAP, the peak tricuspid 
regurgitation velocity (TRV) and the TRV-derived regurgi-
tation pressure gradient were measured, after excluding 
pulmonary stenosis [11]. Exclusion criteria were as follows: 
(1) poor diagnostic quality of coronary CT; (2) truncated 
part of fistula on CT examination; (3) known or suspected 
acquired etiology of fistula; (4) coronary CT performed after 
surgical or percutaneous treatment of CAF. 

In the course of the study, 3 generations of dual-source 
CT scanners were used: from 2008 to May 2011 (6414 CT 
examinations [14%]) – the Somatom Definition; from June 
2011 to May 2015 (13 745 CT examinations [30%])  – the 
Somatom Definition Flash; and from June 2015 to Novem-
ber 2020 (25 658 CT examinations [56%])  – the Somatom 
Force (all Siemens Healthcare, Forchheim, Germany). The 
following CT acquisition parameters were used: slice colli-
mation of 64 × 0.6 mm (Definition), 128 × 0.6 mm (Flash), 
and 192 × 0.6 mm (Force); gantry rotation time of 330 ms 
(Definition), 280 ms (Flash), and 250 ms (Force); tube volt-
age of 80–140 kV (Definition, Flash), and 70–120 kV (Force); 
tube current of 300–550 mAs. Prospective (including 
high-pitch flash acquisition) or retrospective ECG-gated CT 
angiography was used. The study protocol was selected by 

the supervising physician depending on the heart rhythm 
and clinical indications. A dose modulation technique was 
used to limit the radiation exposure. Data were routinely re-
constructed in the mid- or end-systolic and diastolic phases 
(35% to 45% and 65% to 75% of the RR intervals). Unless 
contraindicated, nitroglycerin in a dose of 0.8 mg was 
administered sublingually immediately before the exami-
nation. To achieve a heart rate of 60–75/min (depending on 
the scanner generation) metoprolol in fractionated doses 
of 2.5 mg was injected intravenously. After administration 
of a 10 ml bolus of contrast, the start time of the study 
acquisition was calculated. The contrast agent (Iomeron 
400; Bracco Altana Pharma, Ultravist 370; Bayer Pharma 
AG; Omnipaque 350 GE) was injected intravenously in two 
phases — 45–60 ml of contrast and 30 ml of the contrast 
and saline (30/70%) mixture at the rate of 4.5–6 ml/s (de-
pending on the generation of the CT scanner). 

The analysis of the CT scans was performed on a ded-
icated workstation by a single experienced observer. CAF 
was defined as an anomalous direct connection between 
≥1 coronary artery and a cardiac chamber or a vessel [1].  
All CAFs were evaluated based on their site of origin 
(≥1 main coronary artery: the right coronary artery [RCA], 
left anterior descending [LAD], or circumflex artery [Cx]) 
and termination (Figures 1 and 2), as well as morphology: 
(1) number of CAFs; (2) complexity; (3) size; (4) tortuosity;  
(5) intramuscular course; and (6) presence of aneurysms, 
calcifications, vegetations, thrombus in CAF or dissection 
of CAF (Figure 3). The following definitions of CAF mor-
phologies have been adopted: (1) coronary-cameral fistula 
— a CAF draining into ≥1 cardiac chamber (right atrium 
[RA], left atrium, right ventricle [RV], LV); (2) coronary-vas-
cular fistula — a CAF terminating in ≥1 vascular structure 
(pulmonary trunk [PA], right pulmonary artery, left pulmo-
nary artery, coronary sinus [CS], superior vena cava, inferior 
vena cava, cardiac veins) [2]; (3) simple CAF — a CAF with 
1 origin, consisting of 1 vessel and terminating in 1 struc-
ture [6]; (4) complex CAF — a CAF with >1 origin and/or 
consisting of >1 vessel, and/or terminating in >1 structure 
[6]; (5) bilateral CAF — a CAF originating from both the RCA 
and left coronary artery with only 1 termination site [4];  
(6) tortuous CAF — presence of ≥3 consecutive bends, i.e., 
changes in the direction of the vessel by ≥45° in relation to 
the main stem [12]. In addition, all CAFs were categorized 
according to their size: small CAF — maximal lumen diam-
eter (LD) of the CAF <2 mm, medium CAF — 2–10 mm, and 
large CAF — >10 mm [13]. 
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Figure 1. Coronary computed tomog-
raphy (CT). A. Multiplanar recon-
struction (MPR). B. volume-rendered 
reconstruction, the coronary artery 
fistula (CAF) between the right coro-
nary artery (RCA) and the pulmonary 
artery (white arrows). C. MPR.  
D. volume-rendered reconstruction, 
CAF between the RCA and the superi-
or vena cava (white arrows)

Figure 2. Coronary CT. A. MPR.  
B. Volume-rendered reconstruction, 
CAF between the RCA and the left 
atrium (white arrows). C. MPR.  
D. Volume-rendered reconstruction, 
CAF between the circumflex artery 
and the coronary sinus (white arrows)

Abbreviation: see Figure 1
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Within every CAF, the following morphological features 
were described: (1) aneurysm — segmental dilatation of 
the artery ≥50% of the reference vessel diameter [13];  
(2) calcification — presence of regions with >130 Hounsfield 
units attenuation in the fistula wall [14]; (3) vegetation 
— hypodense, homogeneous, irregular mass in the lumen 
of the fistula [15]; (4) thrombus – low-attenuated structure 
within the lumen of the fistula [16]; (5) dissection — linear, 
hypodense structure within the vessel lumen, separating 
the false and true canals [17]. To distinguish between 
vegetation and a thrombus, clinical data were used — in 
patients with clinical signs of infective endocarditis (IE), 
vegetation was diagnosed. 

The minimal and maximal LD and lumen area (LuA) of 
CAFs were measured at the site of origin and termination, as 
well as at the narrowest and widest segments of the CAFs. In 
addition, the end-diastolic RV and LV dimensions were 
measured in a four-chamber CT view, and the ratio of RV/LV 
dimensions was calculated to identify RV enlargement as 
an indicator of its volume overload (RV/LV ≥1.0) [18]. 

CAF was defined as clinically significant if it was the 
most plausible cause of myocardial infarction, IE, HF, death 
within the follow-up time, hospitalization, or if it required 
either percutaneous or surgical intervention.

The presence and severity of atherosclerotic lesions in 
coronary arteries were assessed according to the Coronary 
Artery Disease — Reporting and Data System (CAD-RADS), 
which ranges from CAD-RADS 0 (no atherosclerosis) to 
CAD-RADS 5 (total occlusion in at least one vessel) [19]. 

Statistical analysis 
Normality was assessed with the Shapiro-Wilk test and 
visual evaluation of histogram skewness. Continuous var-
iables with normal distribution were presented as means 
(standard deviations, SD) and non-normally distributed 
variables as medians with interquartile ranges (IQR). The 
significance of differences between the mean values 
of the three groups was verified by one-way analysis of 

variance and Tukey’s post-hoc test, applied when the 
null hypothesis of the general test was rejected. The sig-
nificance of differences between the mean values of the 
2 groups was analyzed using Student’s t-test. To assess the 
conformity of skewed distributions of continuous variables 
for 3 or 2 groups, non-parametric analysis of variance 
Kruskal-Wallis, non-parametric multiple comparison tests, 
and Mann-Whitney tests were used. To assess the difference 
within the group, the Wilcoxon rank-sum test was used.

The results of categorical variables were shown as 
counts and relative frequencies (percentages). The χ2 test 
of independence or Fisher’s exact test were used for binary 
comparison. The χ2 test for equal proportion was used to 
verify the homogeneity of proportion. The Cochran-Man-
tel-Haenszel modified ridit score was applied to the analysis 
of categorical variables, with >2 categories (whereby nom-
inal variables were compared using General Association 
P-value and ordinal variables were compared using row 
mean score P-value). 

All P-values were two-tailed and a P-value of <0.05 was 
considered statistically significant. Statistical analysis was 
performed using SAS, version 9.4. (SAS Institute Inc, Cary, 
NC, US). 

RESULTS
Among 39 066 patients, CAFs were diagnosed in 52 sub-
jects. After exclusion of 10 patients due to the potentially 
acquired nature of CAFs (n = 7) and non-diagnostic eval-
uation of the site of termination of CAFs (n = 3), the final 
study cohort included 42 patients (20 men, 47.6%) with 
56 CAFs. The prevalence of CAFs was 0.11% (42/39 066). 
In the majority of subjects (73.8%), CAFs were incidental 
findings. Table 1 displays the baseline characteristics, while 
Table 2 shows CT morphology of CAFs. Six of 42 (14.3%) 
patients required surgical or percutaneous closure of CAFs, 
whereas the remaining patients were treated conservative-
ly. During the median 22.5-month (4.75–103.5) follow-up, 
7 (16.7%) patients died. 

Figure 3. Coronary CT, MPR. A. Cross- 
-sectional view, CAF between the RCA 
and the LA (arrow). B. Distal segment 
of CAF with thrombus (arrow).  
C. Oblique cross-section, calcification 
within CAF (arrow). D. Cross-sec-
tional view, calcification within CAF 
(arrow). E–F. Vegetation at the site of 
termination of CAF draining into the 
right atrium (arrow), frontal view (E), 
cross-sectional view (F)

Abbreviation: see Figure 1
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findings. Table 1 displays the baseline characteristics, while 
Table 2 shows CT morphology of CAFs. Six of 42 (14.3%) 
patients required surgical or percutaneous closure of CAFs, 
whereas the remaining patients were treated conservative-
ly. During the median 22.5-month (4.75–103.5) follow-up, 
7 (16.7%) patients died. 

Figure 3. Coronary CT, MPR. A. Cross- 
-sectional view, CAF between the RCA 
and the LA (arrow). B. Distal segment 
of CAF with thrombus (arrow).  
C. Oblique cross-section, calcification 
within CAF (arrow). D. Cross-sec-
tional view, calcification within CAF 
(arrow). E–F. Vegetation at the site of 
termination of CAF draining into the 
right atrium (arrow), frontal view (E), 
cross-sectional view (F)

Abbreviation: see Figure 1
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The most common origin of CAFs was the RCA (48.2%), 
followed by the LAD (33.9%) and the Cx (17.9%) (Table 2). 
The site of origin was neither related to demographic 
characteristics, clinical presentation, nor CAF morphology 
(Table 3 and Supplementary material, Table S1). Addition-
ally, there was no significant relationship between the site 
of origin and the size of the CAF. The pulmonary artery 
(PA) was the predominant drainage site of CAFs (58.9%). 
Furthermore, IE was more often diagnosed in patients with 
CAFs draining into the right-side cardiac structures com-
pared with CAFs with drainage in the left-side cardiac struc-
tures as well as with CAFs terminating in the pulmonary 
arteries (P = 0.006). CAFs terminating in the PA as well as 
into the right and left pulmonary arteries were more often 
multiple (63.2% vs. 11.1%; P <0.001), complex (71.1% vs. 0%; 
P <0.001), tortuous (92.1% vs. 50.0%; P <0.001), and bilateral 
(57.9% vs. 0%;  P <0.001) as compared to CAFs draining into 
either the left-side or right-side cardiac structures. CAFs 
draining into the right structures and vasculatures of the 
heart were significantly larger at the site of origin (aver-
age lumen diameter [LDavg]: 6.8 vs. 2.4; P = 0.008), site of 
termination (LDavg 18.7 vs. 3.94; P <0.01) as well as at their 
narrowest segment (LDavg 4.65 vs. 1.55; P = 0.004) in com-
parison to CAFs terminating in the pulmonary vasculature 
or the left-side structures of the heart (Table 3).

Supplementary material, Table S2 displays the compari-
son between CAFs ≤10 mm and >10 mm. Large CAFs were 
not only more often found in younger patients (P = 0.03), 
subjects with PH (P = 0.03) and/or IE (P = 0.004), but also 
were more frequently treated by surgical or percutaneous 
closure (P = 0.04). Furthermore, CAFs >10 mm were more 
often calcified and usually drained into the CS (P <0.001 for 
both). The site of origin and termination of CAFs ≤10 mm 
and >10 mm are shown in Figure 4.

Atherosclerosis was detected in 22 of 42 (52.4%) sub-
jects with CAFs, in whom 6 (27.3%) atherosclerotic lesions 
were classified as CAD-RADS 1, 4 (18.2%) as CAD-RADS 2, 
6 (27.3%) as CAD-RADS 3, 5 (22.7%) as CAD-RADS 4, and 
1 (4.5%) as CAD-RADS 5. Percutaneous coronary inter-
vention (PCI) was performed in 4 subjects (18.2%). The 
comparison between clinical manifestation of patients with 
versus without atherosclerosis is shown in Supplementary 
material, Table S3, while Figure S1 depicts the presence of 
atherosclerotic lesions based on the sites of origin and 
termination of CAFs.

Clinically significant CAFs were diagnosed in 7 of 42 pa-
tients (16.7%), of whom 3 subjects died (42.9%). Four of 7 of 
these patients (57.1%) had HF resulting from CAFs while 
in 3 patients (42.9%) IE was confirmed. Of all patients with 
clinically significant CAFs, 3 patients required percutaneous 

Table 1. Baseline characteristics

CAF (n = 42)

Agea, years 57.5 (13.8)

Sex, male 20 (47.6)

BMI, kg/m2 27.8 (7.2)

Hypertension 23 (54.8)

Diabetes mellitus 4 (9.5)

Dyslipidemia 13 (31.0)

Smoking history
Presence of atherosclerosis:

5 (11.9)

CAD-RADS <3 30 (71.4)

CAD-RADS 3 (50%–69%) 6 (14.3)

CAD-RADS 4/5 (≥70%) 6 (14.3)

Concomitant congenital heart diseases 2 (4.8)

Previous history of AF (acute/chronic) 10 (23.8)

Supraventricular arrhythmias 5 (11.9)

Ventricular arrhythmias 2 (4.8)

Heart failure 12 (28.6)

Previous history of myocardial infarction 4 (9.5)

Pulmonary hypertension 5 (11.9)

Previous history of IE 3 (7.1)

Previous history of sudden cardiac arrest 1 (2.4)

Previous history of PCI 4 (9.5)

Death during follow-up 7 (16.7)

Follow-up, months 22.5 (4.75–103.5)

Values are presented as n (%), means (SD), or medians (IQR)
aAge of the patients at which the CT examination was performed 

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CAF, coronary artery 
fistula; CAD-RADS, Coronary Artery Disease – Reporting and Data System; CT, com-
puted tomography; IE, infective endocarditis; IQR, interquartile range; n, number of 
patients; PCI, percutaneous coronary intervention; SD, standard deviation

Table 2. CAF morphology evaluated with computed tomography

CAFs n (%)

Fistula origin RCA
LAD
Cx

27 (48.2)
19 (33.9)
10 (17.9)

Fistula drainage site
PA
CS
LA

RPA
SVC
LPA
RA
IVC

MCV

33 (58.9)
6 (10.7)
5 (8.9)
3 (5.4)
3 (5.4)
2 (3.6)
2 (3.6)
1 (1.8)
1 (1.8)

Number of CAFs  
per patient

1
>1 

30 (71.4)
12 (28.6)

Size of CAF <2 mm
2–10 mm
>10 mm

1 (1.8)
45 (80.4)
10 (17.9)

Type of CAF CVF
CCF

48 (85.7)
8 (14.3)

Complexity of CAF Simple
Complex

29 (51.8)
27 (48.2)

Tortuosity of CAF 44 (78.6)

Intramuscular course 0

Presence within CAF Aneurysmal formation
Calcification
Vegetation
Thrombus
Dissection

9 (16.1)
5 (8.9)
2 (3.6)
1 (1.8)

0 

Values are presented as n (%)

Abbreviation: CCF, coronary-cameral fistula; CS, coronary sinus; CVF, coronary-
-vascular fistula; Cx, circumflex artery; IVC, inferior vena cava; LA, left atrium;  
LAD, left anterior descending; LPA, left pulmonary artery; MCV, middle cardiac vein; 
n, number; PA, pulmonary artery; RA, right atrium; RCA, right coronary artery;  
RPA, right pulmonary artery; SVC, superior vena cava; other — see Figure 1
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The most common origin of CAFs was the RCA (48.2%), 
followed by the LAD (33.9%) and the Cx (17.9%) (Table 2). 
The site of origin was neither related to demographic 
characteristics, clinical presentation, nor CAF morphology 
(Table 3 and Supplementary material, Table S1). Addition-
ally, there was no significant relationship between the site 
of origin and the size of the CAF. The pulmonary artery 
(PA) was the predominant drainage site of CAFs (58.9%). 
Furthermore, IE was more often diagnosed in patients with 
CAFs draining into the right-side cardiac structures com-
pared with CAFs with drainage in the left-side cardiac struc-
tures as well as with CAFs terminating in the pulmonary 
arteries (P = 0.006). CAFs terminating in the PA as well as 
into the right and left pulmonary arteries were more often 
multiple (63.2% vs. 11.1%; P <0.001), complex (71.1% vs. 0%; 
P <0.001), tortuous (92.1% vs. 50.0%; P <0.001), and bilateral 
(57.9% vs. 0%;  P <0.001) as compared to CAFs draining into 
either the left-side or right-side cardiac structures. CAFs 
draining into the right structures and vasculatures of the 
heart were significantly larger at the site of origin (aver-
age lumen diameter [LDavg]: 6.8 vs. 2.4; P = 0.008), site of 
termination (LDavg 18.7 vs. 3.94; P <0.01) as well as at their 
narrowest segment (LDavg 4.65 vs. 1.55; P = 0.004) in com-
parison to CAFs terminating in the pulmonary vasculature 
or the left-side structures of the heart (Table 3).

Supplementary material, Table S2 displays the compari-
son between CAFs ≤10 mm and >10 mm. Large CAFs were 
not only more often found in younger patients (P = 0.03), 
subjects with PH (P = 0.03) and/or IE (P = 0.004), but also 
were more frequently treated by surgical or percutaneous 
closure (P = 0.04). Furthermore, CAFs >10 mm were more 
often calcified and usually drained into the CS (P <0.001 for 
both). The site of origin and termination of CAFs ≤10 mm 
and >10 mm are shown in Figure 4.

Atherosclerosis was detected in 22 of 42 (52.4%) sub-
jects with CAFs, in whom 6 (27.3%) atherosclerotic lesions 
were classified as CAD-RADS 1, 4 (18.2%) as CAD-RADS 2, 
6 (27.3%) as CAD-RADS 3, 5 (22.7%) as CAD-RADS 4, and 
1 (4.5%) as CAD-RADS 5. Percutaneous coronary inter-
vention (PCI) was performed in 4 subjects (18.2%). The 
comparison between clinical manifestation of patients with 
versus without atherosclerosis is shown in Supplementary 
material, Table S3, while Figure S1 depicts the presence of 
atherosclerotic lesions based on the sites of origin and 
termination of CAFs.

Clinically significant CAFs were diagnosed in 7 of 42 pa-
tients (16.7%), of whom 3 subjects died (42.9%). Four of 7 of 
these patients (57.1%) had HF resulting from CAFs while 
in 3 patients (42.9%) IE was confirmed. Of all patients with 
clinically significant CAFs, 3 patients required percutaneous 

Table 1. Baseline characteristics

CAF (n = 42)

Agea, years 57.5 (13.8)

Sex, male 20 (47.6)

BMI, kg/m2 27.8 (7.2)

Hypertension 23 (54.8)

Diabetes mellitus 4 (9.5)

Dyslipidemia 13 (31.0)

Smoking history
Presence of atherosclerosis:

5 (11.9)

CAD-RADS <3 30 (71.4)

CAD-RADS 3 (50%–69%) 6 (14.3)

CAD-RADS 4/5 (≥70%) 6 (14.3)

Concomitant congenital heart diseases 2 (4.8)

Previous history of AF (acute/chronic) 10 (23.8)

Supraventricular arrhythmias 5 (11.9)

Ventricular arrhythmias 2 (4.8)

Heart failure 12 (28.6)

Previous history of myocardial infarction 4 (9.5)

Pulmonary hypertension 5 (11.9)

Previous history of IE 3 (7.1)

Previous history of sudden cardiac arrest 1 (2.4)

Previous history of PCI 4 (9.5)

Death during follow-up 7 (16.7)

Follow-up, months 22.5 (4.75–103.5)

Values are presented as n (%), means (SD), or medians (IQR)
aAge of the patients at which the CT examination was performed 

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CAF, coronary artery 
fistula; CAD-RADS, Coronary Artery Disease – Reporting and Data System; CT, com-
puted tomography; IE, infective endocarditis; IQR, interquartile range; n, number of 
patients; PCI, percutaneous coronary intervention; SD, standard deviation

Table 2. CAF morphology evaluated with computed tomography

CAFs n (%)

Fistula origin RCA
LAD
Cx

27 (48.2)
19 (33.9)
10 (17.9)

Fistula drainage site
PA
CS
LA

RPA
SVC
LPA
RA
IVC

MCV

33 (58.9)
6 (10.7)
5 (8.9)
3 (5.4)
3 (5.4)
2 (3.6)
2 (3.6)
1 (1.8)
1 (1.8)

Number of CAFs  
per patient

1
>1 

30 (71.4)
12 (28.6)

Size of CAF <2 mm
2–10 mm
>10 mm

1 (1.8)
45 (80.4)
10 (17.9)

Type of CAF CVF
CCF

48 (85.7)
8 (14.3)

Complexity of CAF Simple
Complex

29 (51.8)
27 (48.2)

Tortuosity of CAF 44 (78.6)

Intramuscular course 0

Presence within CAF Aneurysmal formation
Calcification
Vegetation
Thrombus
Dissection

9 (16.1)
5 (8.9)
2 (3.6)
1 (1.8)

0 

Values are presented as n (%)

Abbreviation: CCF, coronary-cameral fistula; CS, coronary sinus; CVF, coronary-
-vascular fistula; Cx, circumflex artery; IVC, inferior vena cava; LA, left atrium;  
LAD, left anterior descending; LPA, left pulmonary artery; MCV, middle cardiac vein; 
n, number; PA, pulmonary artery; RA, right atrium; RCA, right coronary artery;  
RPA, right pulmonary artery; SVC, superior vena cava; other — see Figure 1
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closure of CAFs, 2 subjects with coexisting structural heart 
diseases underwent surgical repair of CAFs, and in 2 cases, 
CAFs were treated conservatively due to active IE (n = 1) or 
the presence of a thrombus within CAF (n = 1). The com-
parison between clinically significant and clinically insig-
nificant CAFs is shown in Table 4. The presence of clinically 
significant CAFs was more common in younger (P = 0.03) 
and male (P = 0.04) patients and was associated with PH 
(P = 0.03). Also, the CT analysis revealed larger lumen area 
and diameter at the site of origin (P = 0.03, P = 0.03, respec-
tively) and higher wall calcifications (P = 0.003) in clinically 
meaningful CAFs. 

In 15 patients (35.7%) stress myocardial perfusion 
imaging was performed – predominantly in subjects with 
moderate CAFs (12/15). Eight patients underwent magnetic 
resonance imaging, 6 single-photon emission computed 
tomography, and 1 both magnetic resonance imaging 
and single-photon emission computed tomography. In 

all subjects, no significant myocardial perfusion defects 
were detected. 

DISCUSSION
In this study, we evaluated the prevalence, clinical signi-
ficance, and anatomic characteristics of CAFs detected on 
coronary CT in the unselected adult population. Our main 
findings are as follows: (1) the most common site of origin 
and termination of CAFs are the RCA and PA, respectively; 
(2) large CAFs are usually single and calcified, and most 
commonly drain into the CS, whereas CAFs terminating 
in the PA are frequently multiple, tortuous, and complex; 
(3) clinically significant CAFs are usually large, mainly ter-
minate in the RA or CS and are most frequently found in 
younger and male patients. 

The prevalence of CAFs differs based on the study 
group, diagnostic methods, and applied definitions. To our 
knowledge, our report represents the largest computed 

Table 3. Tomographic characteristics of coronary artery fistulas based on their site of origin and termination

Tomographic eva-
luation

CAFs 
origina-

ting from 
RCA

(nF = 27)

CAFs 
origina-

ting  
from LAD
(nF = 19)

CAFs 
originating 

from Cx
(nF = 10)

P-value CAFs terminating 
in the right 

structures of the 
heart

(nF = 13)

CAFs terminating 
in the pulmonary 
trunk and pulmo-

nary arteries
(nF = 38)

CAFs terminating 
in the left struc-

tures of the heart
(nF = 5)

P-value 

(1) (2) (3) (4) (5) (6)

Number of CAFs, >1 13 (48.1) 10 (52.6) 3 (30.0) 0.500 1 (7.7) 24 (63.2) 1 (20.0) 0.001

Large CAFs, >10 mm 6 (22.2) 1 (5.3) 3 (30.0) 0.19 8 (61.5) 1 (2.6) 1 (20.0) <0.001

Complex CAF 13 (48.1) 12 (63.2) 2 (20.0) 0.09 0 27 (71.1) 0 <0.001

Tortuous CAF 21 (77.8) 16 (84.2) 7 (70.0) 0.67 7 (53.8) 35 (92.1) 2 (40.0) 0.001

Aneurysm formation 5 (18.5) 3 (15.8) 1 (10.0) 0.82 1 (7.7) 7 (18.4) 1 (20.0) 0.65

Vascular calcification 
within CAF wall

2 (7.4) 1 (5.3) 2 (20.0) 0.39 3 (23.1) 1 (2.6) 1 (20.0) 0.06

Presence of thrombus 
in CAF

1 (3.7) 0 0 0.58 0 0 1 (20.0) 0.09

CAF origin site

LuA, mm2 7.2  
(4.1–14.0)

3.6  
(2.4–6.2)

7.6  
(3.8–31.0)

0.08 36.0  
(5.5–95.0)

4.4  
(3.0–7.8)

7.5  
(2.1–29.0)

0.02
4 vs. 5: 0.02

 LDavg, mm 3.05  
(2.2–4.3)

2.05 
(1.8–2.8)

3.3  
(2.0–6.3)

0.08 6.8 (2.3–11.0) 2.4  
(1.9–3.2)

3.15  
(1.5–6.5)

0.02
4 vs. 5: 0.02

CAF drainage site

 LuA, mm2 4.4  
(3.2–12.9)

3.5  
(2.7–7.2)

4.7  
(1.3–18.7)

0.51 18.7  
(4.4–38.0)

3.7  
(2.8–6.7)

5.7 (1.3–8.5) 0.04
4 vs. 5: 0.03 

LDavg, mm 2.35  
(2.1–4.1)

2.15 
(1.75–3.1)

2.55  
(1.3–4.9)

0.40 4.9  
(2.3–7.5)

2.2  
(1.9–3.1)

2.5  
(1.3–3.3)

0.04
4 vs. 5: 0.03

Widest segment of CAF

LuA, mm2 10.4 
(5.7–63.0)

12.0 
(5.2–19.0)

8.8 
(3.8–124.0)

0.79 124.0  
(7.8–213.0)

10.1  
(5.4–14.5)

7.8  
(5.7–47.0)

0.13

LDavg, mm 3.65 
(2.65–8.95)

3.6  
(2.6–4.8)

3.35 
(2.15–13.15)

0.74 13.15 
(3.2–16.4)

3.5 
(2.6–4.3)

3.25  
(2.5–8.0)

0.11

Narrowest segment of CAF

LuA, mm2 2.6  
(1.7–5.5)

1.8  
(1.5–2.8)

2.4  
(1.3–11.1)

0.15 15.0  
(3.0–36.0)

2.2  
(1.4–2.2)

2.1  
(1.3–5.5)

0.008 
4 vs. 5: 0.006

LDavg, mm 1.85 
(1.45–2.6)

1.55 
(1.2–2.0)

1.45 
(1.3–3.75)

0.23 4.65  
(2.0–6.8)

1.58 
(1.3–1.8)

1.55 
(1.3–2.6)

0.01 
4 vs. 5: 0.01

RV, cm 4.1 (0.7) 4.1 (0.7) 4.5 (0.9) 0.31 4.4 (0.8) 4.1 (0.7) 4.1 (0.8) 0.33

LV, cm 4.6 (0.9) 4.7 (1.0) 4.5 (0.9) 0.92 4.8 (0.8) 4.6 (1.0) 4.3 (1.1) 0.62

RV/LV 0.9 (0.2) 0.9 (0.2) 1.0 (0.2) 0.20 0.9 (0.1) 0.9 (0.2) 1.0 (0.3) 0.51

Values are presented as n (%), means (SD), or medians (IQR)

Abbreviations: avg, average; LuA, lumen area; LD, lumen diameter; LV, left ventricle, transverse diameter in the 4-chamber view; nF, number of fistulas; RV, right ventricle, 
transverse diameter in the 4-chamber view; RV/LV, right-to-left ventricular diameter ratio; SD, standard deviation; other — see Figures 1 and 2
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closure of CAFs, 2 subjects with coexisting structural heart 
diseases underwent surgical repair of CAFs, and in 2 cases, 
CAFs were treated conservatively due to active IE (n = 1) or 
the presence of a thrombus within CAF (n = 1). The com-
parison between clinically significant and clinically insig-
nificant CAFs is shown in Table 4. The presence of clinically 
significant CAFs was more common in younger (P = 0.03) 
and male (P = 0.04) patients and was associated with PH 
(P = 0.03). Also, the CT analysis revealed larger lumen area 
and diameter at the site of origin (P = 0.03, P = 0.03, respec-
tively) and higher wall calcifications (P = 0.003) in clinically 
meaningful CAFs. 

In 15 patients (35.7%) stress myocardial perfusion 
imaging was performed – predominantly in subjects with 
moderate CAFs (12/15). Eight patients underwent magnetic 
resonance imaging, 6 single-photon emission computed 
tomography, and 1 both magnetic resonance imaging 
and single-photon emission computed tomography. In 

all subjects, no significant myocardial perfusion defects 
were detected. 

DISCUSSION
In this study, we evaluated the prevalence, clinical signi-
ficance, and anatomic characteristics of CAFs detected on 
coronary CT in the unselected adult population. Our main 
findings are as follows: (1) the most common site of origin 
and termination of CAFs are the RCA and PA, respectively; 
(2) large CAFs are usually single and calcified, and most 
commonly drain into the CS, whereas CAFs terminating 
in the PA are frequently multiple, tortuous, and complex; 
(3) clinically significant CAFs are usually large, mainly ter-
minate in the RA or CS and are most frequently found in 
younger and male patients. 

The prevalence of CAFs differs based on the study 
group, diagnostic methods, and applied definitions. To our 
knowledge, our report represents the largest computed 
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Vascular calcification 
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8.8 
(3.8–124.0)

0.79 124.0  
(7.8–213.0)

10.1  
(5.4–14.5)

7.8  
(5.7–47.0)

0.13

LDavg, mm 3.65 
(2.65–8.95)

3.6  
(2.6–4.8)

3.35 
(2.15–13.15)

0.74 13.15 
(3.2–16.4)

3.5 
(2.6–4.3)

3.25  
(2.5–8.0)

0.11

Narrowest segment of CAF

LuA, mm2 2.6  
(1.7–5.5)

1.8  
(1.5–2.8)

2.4  
(1.3–11.1)

0.15 15.0  
(3.0–36.0)

2.2  
(1.4–2.2)

2.1  
(1.3–5.5)

0.008 
4 vs. 5: 0.006

LDavg, mm 1.85 
(1.45–2.6)

1.55 
(1.2–2.0)

1.45 
(1.3–3.75)

0.23 4.65  
(2.0–6.8)

1.58 
(1.3–1.8)

1.55 
(1.3–2.6)

0.01 
4 vs. 5: 0.01

RV, cm 4.1 (0.7) 4.1 (0.7) 4.5 (0.9) 0.31 4.4 (0.8) 4.1 (0.7) 4.1 (0.8) 0.33

LV, cm 4.6 (0.9) 4.7 (1.0) 4.5 (0.9) 0.92 4.8 (0.8) 4.6 (1.0) 4.3 (1.1) 0.62

RV/LV 0.9 (0.2) 0.9 (0.2) 1.0 (0.2) 0.20 0.9 (0.1) 0.9 (0.2) 1.0 (0.3) 0.51

Values are presented as n (%), means (SD), or medians (IQR)

Abbreviations: avg, average; LuA, lumen area; LD, lumen diameter; LV, left ventricle, transverse diameter in the 4-chamber view; nF, number of fistulas; RV, right ventricle, 
transverse diameter in the 4-chamber view; RV/LV, right-to-left ventricular diameter ratio; SD, standard deviation; other — see Figures 1 and 2
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Figure 4. Site of origin (A) and termination (B) of CAFs ≤10 mm and >10 mm

Abbreviations: CS, coronary sinus; Cx, circumflex artery; IVC, inferior vena cava; LAD, left anterior descending; LA, left atrium; LPA, left pulmo-
nary artery; MCV, middle cardiac vein; PA, pulmonary artery; RA, right atrium; RCA, right coronary artery; RPA, right pulmonary artery;  
SVC, superior vena cava

tomographic study to date in adults, and the CAF preva-
lence of 0.11% is in line with the previous tomographic and 
angiographic studies [3–6, 19–21].

CAFs usually drain into the low-pressure right-sided 
structures of the heart and less frequently into those on the 
left. Importantly, there are contradictory data regarding the 
most common site of origin (RCA or LAD) and termination 
(RV or PA) of CAFs [1, 4–5, 7, 21–23]. In our study, the most 
frequent site of origin of CAFs was the RCA, whereas the 
most common site of termination was the PA. Moreover, 
most of our CAFs including clinically significant CAFs were 
single, which corroborates the earlier report [4].

The fistula drainage site rather than the site of origin 
has more clinical significance [1, 24]. Indeed, PH and IE were 
more often observed in patients with CAFs terminating in 
right-sided structures of the heart in our cohort replicating 
previous reports [2]. Valente et al. in their study noted that 
most CAF patients with clinically significant complications, 
such as myocardial infarction, HF, or thrombus formation, 
had CAFs draining into the CS [25], which was similar to 
our findings. Of all CAFs terminating in the CS in this study, 
50% were clinically significant, and the CS was more often 
the drainage site of large CAFs.

The size of the fistula has clinical significance — small 
CAFs are usually incidental findings due to their asymp-
tomatic clinical course, whilst large CAFs often cause 
symptoms and are related to progressive enlargement of 
the native vessel [1, 8, 26–28]. In our study, the predom-
inance of medium-sized CAFs was observed. The most 
common drainage site of CAFs ≤10 mm was the PA, while 
CAFs >10 mm mostly drained into the CS, which is in line 
with earlier echocardiographic studies [28]. Large CAFs 
are not only clinically significant but also more common 
in younger patients. In addition, CAFs >10 mm were more 
often calcified and usually drained into the CS. 

Clinical manifestations in CAF patients may be related 
to the presence of atherosclerosis and/or valvular heart 
disease [8, 29]. In contrast, clinical symptoms of myo-
cardial ischemia in patients with CAFs and without any 
or with non-significant atherosclerotic lesions might be 
explained by decreased myocardial perfusion resulting 
from the coronary steal phenomenon [24]. Interestingly, 
4 of 42 patients (9.5%) in our cohort had myocardial infarc-
tion despite not having coronary atherosclerosis. Another 
potential but rare cause of acute myocardial infarction 
or ventricular arrhythmia in CAF patients is thrombus 
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tomographic study to date in adults, and the CAF preva-
lence of 0.11% is in line with the previous tomographic and 
angiographic studies [3–6, 19–21].

CAFs usually drain into the low-pressure right-sided 
structures of the heart and less frequently into those on the 
left. Importantly, there are contradictory data regarding the 
most common site of origin (RCA or LAD) and termination 
(RV or PA) of CAFs [1, 4–5, 7, 21–23]. In our study, the most 
frequent site of origin of CAFs was the RCA, whereas the 
most common site of termination was the PA. Moreover, 
most of our CAFs including clinically significant CAFs were 
single, which corroborates the earlier report [4].

The fistula drainage site rather than the site of origin 
has more clinical significance [1, 24]. Indeed, PH and IE were 
more often observed in patients with CAFs terminating in 
right-sided structures of the heart in our cohort replicating 
previous reports [2]. Valente et al. in their study noted that 
most CAF patients with clinically significant complications, 
such as myocardial infarction, HF, or thrombus formation, 
had CAFs draining into the CS [25], which was similar to 
our findings. Of all CAFs terminating in the CS in this study, 
50% were clinically significant, and the CS was more often 
the drainage site of large CAFs.

The size of the fistula has clinical significance — small 
CAFs are usually incidental findings due to their asymp-
tomatic clinical course, whilst large CAFs often cause 
symptoms and are related to progressive enlargement of 
the native vessel [1, 8, 26–28]. In our study, the predom-
inance of medium-sized CAFs was observed. The most 
common drainage site of CAFs ≤10 mm was the PA, while 
CAFs >10 mm mostly drained into the CS, which is in line 
with earlier echocardiographic studies [28]. Large CAFs 
are not only clinically significant but also more common 
in younger patients. In addition, CAFs >10 mm were more 
often calcified and usually drained into the CS. 

Clinical manifestations in CAF patients may be related 
to the presence of atherosclerosis and/or valvular heart 
disease [8, 29]. In contrast, clinical symptoms of myo-
cardial ischemia in patients with CAFs and without any 
or with non-significant atherosclerotic lesions might be 
explained by decreased myocardial perfusion resulting 
from the coronary steal phenomenon [24]. Interestingly, 
4 of 42 patients (9.5%) in our cohort had myocardial infarc-
tion despite not having coronary atherosclerosis. Another 
potential but rare cause of acute myocardial infarction 
or ventricular arrhythmia in CAF patients is thrombus 
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Table 4. Comparison between clinically significant and clinically insignificant CAFs

Clinically insignificant CAFs
(nP = 35)

Clinically significant CAFs
(nP = 7)

P-value

Agea, years 59.5 (13.0) 47.1 (13.8) 0.03

Sex, male 14 (40.0) 6 (85.7) 0.04

BMI, kg/m2 29.1 (7.5) 24.1 (4.2) 0.1

Hypertension 18 (51.4) 5 (71.4) 0.43

Diabetes mellitus 4 (11.4) 0 >0.99

Dyslipidemia 13 (37.1) 0 0.08

Smoking history 3 (8.6) 2 (28.6) 0.19

Presence of atherosclerosis:

CAD-RADS <3 23 (65.7) 7 (100) 0.19

CAD-RADS 3 (50%–69%) 6 (17.1) 0

CAD-RADS 4/5 (≥70%) 6 (17.1) 0

Concomitant congenital heart diseases 2 (5.7) 0 >0.99

Clinical presentation

Previous history of AF (acute/chronic) 7 (20.0) 3 (42.9) 0.33

Supraventricular arrhythmia 4 (11.4) 1 (14.3) >0.99

Ventricular arrhythmia 2 (5.7) 0 >0.99

Pulmonary hypertension 2 (5.7) 3 (42.9) 0.03

Previous history of sudden cardiac arrest 0 1 (14.3) 0.17

Previous history of PCI 4 (11.4) 0 >0.99

Tomographic evaluation (nF = 46) (nF = 10)

Large CAFs, >10 mm 5 (10.9) 5 (50.0) 0.03

Type of CAF, CVFs 43 (93.5) 5 (50.0) 0.003

Complex CAF 24 (52.2) 3 (30.0) 0.3

Bilateral CAF 20 (43.5) 2 (20.0) 0.29

Tortuous CAF 37 (80.4) 7 (70.0) 0.43

Aneurysm formation 7 (15.2) 2 (20.0) 0.65

Vascular calcification within CAF 1 (2.2) 4 (40.0) 0.003

Presence of visible thrombus 0 1 (10.0) 0.18

CAF origin site

LuA, mm2 4.92 (2.5–9.1) 18.25 (4.4–96.0) 0.03

LDavg, mm 2.4 (1.9–3.4) 4.8 (2.4–11.0) 0.03

CAF drainage site

LuA, mm2 3.9 (2.8–8.4) 16.7 (2.8–38.0) 0.12

LDavg, mm 2.3 (2.0–3.0) 4.6 (1.9–7.2) 0.11

Widest segment of CAF

LuA, mm2 8.9 (4.2–14.5) 75.0 (25.0–213.0) 0.003

LDavg, mm 3.4 (2.3–4.3) 10.2 (5.9–16.4) 0.002

Narrowest segment of CAF

LuA, mm2 2.3 (1.4–3.2) 4.25 (1.8–34.0) 0.06

LDavg, mm 1.6 (1.3–2.0) 2.3 (1.7–6.5) 0.02

RV, cm 4.01 (0.70) 4.73 (0.73) 0.005

LV, cm 4.51 (0.96) 5.16 (0.47) 0.004

RV/LV 0.91 (0.17) 0.92 (0.14) 0.88

Values are presented as n (%), means (SD,) or medians (IQR)
aAge of the patients at which the CT examination was performed 
Abbreviations: avg, average; LuA, lumen area; LD, lumen diameter; LV, left ventricle, transverse diameter in the 4-chamber view; nF, number of fistulas; nP, number of patients; 
RV, right ventricle, transverse diameter in the 4-chamber view; RV/LV, right-to-left ventricle diameter ratio; other — see Table 1

formation within CAF, which, in our study, was observed 
in 1 patient [30].

Despite the mostly asymptomatic clinical course of 
CAFs, the probability of clinical manifestations increases 
with age due to the development of atherosclerosis in 
coronary arteries [7, 8, 24]. Canga et al. suggested that CAFs 
>1.5 mm, originating from the proximal segments of cor-
onary arteries might increase the progression of coronary 
atherosclerosis and further the risk of myocardial infarction 
[22]. However, there was no association between the site 

of origin and termination and the presence as well as the 
severity of atherosclerotic lesions in our study. Significant 
coronary artery disease (≥50%) was more often seen in 
patients with smaller CAFs.

Clinically relevant complications of CAFs, such as IE, 
HF, myocardial infarction, or rupture of aneurysm, might 
be the first clinical manifestation of CAFs and may even 
lead to sudden cardiac death [1, 2, 7, 8, 26]. According to 
a 10-year analysis of available literature conducted by Said 
et al., clinically significant complications of CAF more often 
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Previous history of AF (acute/chronic) 7 (20.0) 3 (42.9) 0.33

Supraventricular arrhythmia 4 (11.4) 1 (14.3) >0.99

Ventricular arrhythmia 2 (5.7) 0 >0.99

Pulmonary hypertension 2 (5.7) 3 (42.9) 0.03

Previous history of sudden cardiac arrest 0 1 (14.3) 0.17

Previous history of PCI 4 (11.4) 0 >0.99

Tomographic evaluation (nF = 46) (nF = 10)

Large CAFs, >10 mm 5 (10.9) 5 (50.0) 0.03

Type of CAF, CVFs 43 (93.5) 5 (50.0) 0.003

Complex CAF 24 (52.2) 3 (30.0) 0.3

Bilateral CAF 20 (43.5) 2 (20.0) 0.29

Tortuous CAF 37 (80.4) 7 (70.0) 0.43

Aneurysm formation 7 (15.2) 2 (20.0) 0.65

Vascular calcification within CAF 1 (2.2) 4 (40.0) 0.003

Presence of visible thrombus 0 1 (10.0) 0.18

CAF origin site

LuA, mm2 4.92 (2.5–9.1) 18.25 (4.4–96.0) 0.03

LDavg, mm 2.4 (1.9–3.4) 4.8 (2.4–11.0) 0.03

CAF drainage site

LuA, mm2 3.9 (2.8–8.4) 16.7 (2.8–38.0) 0.12

LDavg, mm 2.3 (2.0–3.0) 4.6 (1.9–7.2) 0.11

Widest segment of CAF

LuA, mm2 8.9 (4.2–14.5) 75.0 (25.0–213.0) 0.003

LDavg, mm 3.4 (2.3–4.3) 10.2 (5.9–16.4) 0.002

Narrowest segment of CAF
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formation within CAF, which, in our study, was observed 
in 1 patient [30].

Despite the mostly asymptomatic clinical course of 
CAFs, the probability of clinical manifestations increases 
with age due to the development of atherosclerosis in 
coronary arteries [7, 8, 24]. Canga et al. suggested that CAFs 
>1.5 mm, originating from the proximal segments of cor-
onary arteries might increase the progression of coronary 
atherosclerosis and further the risk of myocardial infarction 
[22]. However, there was no association between the site 

of origin and termination and the presence as well as the 
severity of atherosclerotic lesions in our study. Significant 
coronary artery disease (≥50%) was more often seen in 
patients with smaller CAFs.

Clinically relevant complications of CAFs, such as IE, 
HF, myocardial infarction, or rupture of aneurysm, might 
be the first clinical manifestation of CAFs and may even 
lead to sudden cardiac death [1, 2, 7, 8, 26]. According to 
a 10-year analysis of available literature conducted by Said 
et al., clinically significant complications of CAF more often 
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occur in men [2]. This is in line with our results, whereby 
clinically relevant CAFs were more frequently found in 
younger male subjects.

Coronary artery aneurysms associated with fistula de-
velop in up to 26% of cases of congenital CAFs detected by 
coronary angiography [1, 4, 29]. While tomographic analysis 
of CAFs conducted by Ouchi et al. reported the prevalence 
of aneurysms at 48.4%, in our study, aneurysms associat-
ed with CAFs were found in 16.1% of cases [6]. Although 
rupture of CAF aneurysms is extremely rare, it is associated 
with very high mortality [27]. In the present study, all CAFs 
with aneurysms were tortuous.

The presence of CAFs predisposes to IE, which is seen 
in up to 12% of patients with CAFs and might be the cause 
of death [8, 26]. While IE could be the first clinical mani-
festation of CAFs, the development of IE is seen in both 
coronary-cameral and coronary-vascular fistulas [26]. In 
our study, IE was present in 7.1% of patients and was more 
often seen in CAFs draining into the right-side structures 
of the heart as well as in large CAFs. 

Due to the most common asymptomatic clinical course, 
the majority of CAFs do not require invasive treatment [31]. 
In our study patients with clinically relevant CAFs and with 
large CAFs required surgical or interventional treatment. 
According to the American College of Cardiology/Ameri-
can Heart Association (ACC/AHA) guidelines patients with 
symptomatic small and medium CAFs should undergo 
CAF closure, as well as patients with large CAFs regardless 
of clinical manifestation [32]. Percutaneous interventions 
are less invasive and usually better tolerated [33]. Surgical 
treatment is preferable in patients with CAFs and struc-
tural heart diseases necessitating surgical repair and in 
subjects with large CAFs, CAFs with high blood flow as 
well as in cases of complex CAFs or the presence of large 
aneurysms [34]. Albeit, in some cases, the closure of CAFs 
might be challenging and require a multi-disciplinary 
approach [35, 36]. 

This research did not receive any specific grant from 
funding agencies from the public, commercial, or not-for-
profit sectors.

In conclusion, although CAFs are usually asymptomatic 
incidental findings on CT scans, clinically significant CAFs 
are larger and more frequently detected in younger and 
male patients.

This study has several limitations. First, it was a sin-
gle-center and retrospective report of patients referred to 
tertiary sites. Second, three generations of dual-source CT 
with similar spatial resolution but different time resolution 
were used during the study. Finally, CT examinations were 
selected manually from the electronic database based on 
the predefined keywords.
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of aneurysms at 48.4%, in our study, aneurysms associat-
ed with CAFs were found in 16.1% of cases [6]. Although 
rupture of CAF aneurysms is extremely rare, it is associated 
with very high mortality [27]. In the present study, all CAFs 
with aneurysms were tortuous.

The presence of CAFs predisposes to IE, which is seen 
in up to 12% of patients with CAFs and might be the cause 
of death [8, 26]. While IE could be the first clinical mani-
festation of CAFs, the development of IE is seen in both 
coronary-cameral and coronary-vascular fistulas [26]. In 
our study, IE was present in 7.1% of patients and was more 
often seen in CAFs draining into the right-side structures 
of the heart as well as in large CAFs. 

Due to the most common asymptomatic clinical course, 
the majority of CAFs do not require invasive treatment [31]. 
In our study patients with clinically relevant CAFs and with 
large CAFs required surgical or interventional treatment. 
According to the American College of Cardiology/Ameri-
can Heart Association (ACC/AHA) guidelines patients with 
symptomatic small and medium CAFs should undergo 
CAF closure, as well as patients with large CAFs regardless 
of clinical manifestation [32]. Percutaneous interventions 
are less invasive and usually better tolerated [33]. Surgical 
treatment is preferable in patients with CAFs and struc-
tural heart diseases necessitating surgical repair and in 
subjects with large CAFs, CAFs with high blood flow as 
well as in cases of complex CAFs or the presence of large 
aneurysms [34]. Albeit, in some cases, the closure of CAFs 
might be challenging and require a multi-disciplinary 
approach [35, 36]. 

This research did not receive any specific grant from 
funding agencies from the public, commercial, or not-for-
profit sectors.

In conclusion, although CAFs are usually asymptomatic 
incidental findings on CT scans, clinically significant CAFs 
are larger and more frequently detected in younger and 
male patients.

This study has several limitations. First, it was a sin-
gle-center and retrospective report of patients referred to 
tertiary sites. Second, three generations of dual-source CT 
with similar spatial resolution but different time resolution 
were used during the study. Finally, CT examinations were 
selected manually from the electronic database based on 
the predefined keywords.
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Editorial 
by Masarone et al.

A B S T R A C T
Background: Numerous prognostic factors have been proposed for cardiac amyloidosis (CA). The 
knowledge about other subtypes of restrictive cardiomyopathy (RCM) is scant.

Aims: This study aimed to elucidate the etiology and prognostic factors of RCM as well as assess 
cardiac biomarkers: high-sensitive troponin T (hs-TnT), growth differentiation factor-15 (GDF-15), 
N-terminal pro-B-type natriuretic peptide (NT-proBNP), and soluble suppression of tumorigenicity 
2, as mortality predictors in RCM.

Methods: We enrolled 36 RCM patients in our tertiary cardiac department. All patients were screened 
for CA. Genetic testing was performed in 17 patients without CA.

Results: Pathogenic or likely pathogenic gene variants were found in 86% of patients, including 
5 novel variants. Twenty patients died, and 4 had a heart transplantation during the study. Median 
overall survival was 29 months (8–55). The univariate Cox models analysis indicated that systolic and 
diastolic blood pressure, GDF-15, hs-TnT, NT-proBNP, left ventricular stroke volume, the ratio of the 
transmitral early peak velocity (E) estimated by pulsed wave Doppler over the early mitral annulus 
velocity (e’), tricuspid annulus plane systolic excursion, early tricuspid valve annular systolic velocity, 
the presence of pulmonary hypertension, and pericardial effusion influenced survival (P <0.05). 
A worse prognosis was observed in patients with GDF-15 >1316 pg/ml, hs-TnT >42 ng/l, NT-proBNP 
>3383 pg/ml, and pericardial effusion >3.5 mm (Kaplan-Meier analysis, log-rank test, P <0.001).

Conclusions: Genetic testing should be considered in every RCM patient where light-chain amyloi-
dosis has been excluded. Survival remains poor regardless of etiology. Increased concentrations of 
GDF-15, hs-TNT, NT-proBNP, and pericardial effusion are associated with worse prognosis. Further 
studies are warranted.

Key words: genetic testing, growth differentiation factor-15, light-chain amyloidosis, restrictive 
cardiomyopathy, soluble suppression of tumorigenicity 2
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velocity (e’), tricuspid annulus plane systolic excursion, early tricuspid valve annular systolic velocity, 
the presence of pulmonary hypertension, and pericardial effusion influenced survival (P <0.05). 
A worse prognosis was observed in patients with GDF-15 >1316 pg/ml, hs-TnT >42 ng/l, NT-proBNP 
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studies are warranted.
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W H A T ’ S  N E W ?
This is the first report about clinical utility of new cardiac biomarkers, growth differentiation factor-15 (GDF-15) and soluble 
suppression of tumorigenicity 2, in the whole spectrum of restrictive cardiomyopathy (RCM). We have preliminarily identified 
GDF-15, high-sensitive troponin T, N-terminal pro B-type natriuretic peptide, and pericardial effusion as relevant predictors of 
death in RCM. We have described an easily applicable diagnostic workup for RCM, which may be useful in countries where there 
are no diagnostic centers for amyloidosis. We have presented an insightful analysis of RCM etiology including up-to-date genetic 
testing results with five novel genetic variants.

INTRODUCTION
Restrictive cardiomyopathy (RCM) occurs with an incidence 
of only 2% of all cardiomyopathies in adults, and although 
heterogeneous, is the rarest cardiomyopathy according 
to the European Registry [1]. Cardiac amyloidosis (CA) is 
a traditional paradigm of RCM [2]. Numerous prognostic 
factors in CA have been proposed. N-terminal pro-B-type 
natriuretic peptide (NT-proBNP) and troponin T have 
been included in the light-chain (AL) amyloidosis staging 
system since 2012 [3]. The role of the right ventricular (RV) 
dimension and function in CA is considered important 
[4, 5]. Growth differentiation factor-15 (GDF-15) and sol-
uble suppression of tumorigenicity 2 (sST2) have proved 
to be encouraging biomarkers in AL amyloidosis [6, 7]. 
The following prognostic factors have been described 
in non-amyloid RCM (na-RCM): male sex, age >70 years, 
the New York Heart Association Functional Classification 
(NYHA class) ≥III, left atrial (LA) diameter >60 mm, and low 
cardiac output [8]. Recent studies underline the role of left 
ventricular end-diastolic diameter (LVEDD) and tricuspid 
regurgitation [9].

GDF-15 is considered a cardioprotective hormone due 
to its antioxidative, anti-inflammatory, and antiapoptotic 
properties [10]. In heart failure (HF) with preserved ejection 
fraction, a positive correlation of GDF-15 concentrations 
with echocardiographic parameters of left ventricular (LV) 
diastolic dysfunction was observed [11].

In patients with acute dyspnea assessed in the emer-
gency unit, sST2 concentrations correlated with systolic 
pressure in the right ventricle and early diastolic myocardial 
velocities (e’) [12].

Pathogenic mutations in nineteen different genes have 
been identified in patients with primary RCM [13]. On the 
other hand, Anderson-Fabry disease, transthyretin (ATTR) 
amyloidosis, or glycogenosis may also demonstrate RCM 
phenotype [2], so screening of genes associated with these 
diseases should be considered if clinically reasonable.

This study aimed to describe the etiology of RCM, 
including the genetic background of na-RCM, to identify 
prognostic factors and to assess whether new cardiac 
biomarkers, GDF-15 and sST2, may be useful in clinical 
evaluation of this group.

METHODS
The study enrolled 36 consecutive RCM patients diag-
nosed in a tertiary cardiac department from January 
2015 to August 2016. Patients were followed up until April 
2021. Features of RCM including biatrial enlargement, 
normal LV cavity size, and systolic function with severe di-
astolic dysfunction were assessed on echocardiography by 
an experienced cardiologist. Severe diastolic dysfunction 
was defined by criteria presented in Table 1 based on the 
current recommendations [14]. Patients with the following 
echocardiographic presentations of hypertrophic cardio-
myopathy (HCM) were not included: profuse asymmetric 
LV hypertrophy without features of amyloidosis, systolic 
anterior motion of mitral valve leaflet, and LV outflow 
tract obstruction.

Lack of informed consent (n = 1), dialysis treatment 
(n = 1), and neoplastic disease other than AL amyloidosis 
(n = 0) were the exclusion criteria (see Figure 1).

On presentation, levels of serum NT-proBNP, high-sen-
sitive troponin T (hs-TnT), GDF-15, sST2, and creatinine 
were measured. Concentrations of GDF-15 and sST2 were 
measured using R&S Quantikine ELISA Kits (Minneapolis, 
MN, US).

Echocardiography
In order to obtain a reliable assessment of LV diastolic dys-
function, echocardiography with tissue Doppler imaging 
(TDI) was performed. The dimensions and functions of both 
ventricles and the LA volume index (LAVI) were assessed 
according to current guidelines [15, 16]. Atrial dimensions 
were also presented as their areas.

Table 1. Criteria for severe diastolic dysfunction

Sinus rhythm + LVEF ≥50% Sinus rhythm + LVEF <50% Atrial fibrillation

E/e’ ratio >14 E/e’ ratio >14 E/e’ septal ≥11

e’ septal <7 cm/s and e’ lateral <10 cm/s TRPV >2.8 m/s IVRT ≤65 ms

TRPV >2.8 m/s LAVI >34 ml/m2 DT <160 ms

LAVI >34 ml/m2

Abbreviations: DT, deceleration time; e’ lateral, mitral annular early diastolic lateral velocity; e’ septal, mitral annular early diastolic septal velocity; E/e’ ratio, the ratio of the 
transmitral early peak velocity (E) estimated by pulsed wave Doppler over the early mitral annulus velocity (e’); IVRT, isovolumic relaxation time; LAVI, left atrial volume index; 
LVEF, left ventricular ejection fraction; TRPV, tricuspid regurgitation peak velocity
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Left ventricular function was assessed by modified 
Simpson’s method as LV ejection fraction (LVEF). Maximal 
systolic velocities of LV longitudinal fibers (LV S’) were 
assessed in apical views by TDI [17]. RV function was 
described by tricuspid annular plane systolic excursion 
(TAPSE) measured in M-mode presentation in a four-cham-
ber view and by the longitudinal myocardial velocity of 
the right ventricle (RV S’) measured on TDI. The ratio of the 
transmitral early peak velocity (E) estimated by pulsed wave 
Doppler over average e’ velocity estimated by TDI (E/e’ ratio) 
was used to assess LV diastolic dysfunction.

Pericardial effusion was defined as an echo-free space 
between the two layers of the pericardium. The amount 
of pericardial effusion was assessed as small (<10 mm) or 
moderate (10–20 mm).

Pulmonary hypertension (PH) was assessed using tri-
cuspid regurgitation peak velocity (TRPV) [18]. Values of 
TRPV >3.4 m/s indicated a high PH possibility. Additional 
criteria were used for values of TRPV between 2.8 and 
3.4 m/s: inferior vena cava (IVC) diameter >21 mm with 
decreased inspiratory collapse; RV/LV basal diameter or 
area ratio >1.0; interventricular septum flattering; pulmo-
nary artery (PA) diameter >25 mm or PA diameter >aortic 
root; RV outflow tract acceleration time <105 ms and/or 
mid-systolic notching.

Cardiac amyloidosis screening
Every patient enrolled in the study was screened for CA. 
The full list of analyzed amyloidosis features is presented 
in the Supplementary material, Table S1. The main clin-
ical data taken into consideration were as follows: age 
>30 years, no family history of cardiomyopathy, a short 
history of HF symptoms (≤12 months), rapidly progress-
ing HF, early satiety, loss of appetite (particularly aversion 
to meat dishes), weight loss (at least 10 kg), persistent 
diarrhea or constipation, hoarseness, and macroglossia. 
Medical history and typical features of amyloidosis, such 
as a low amplitude and pseudo-infarct pattern on 12-lead 
electrocardiogram, hyperechogenicity of the myocardium 
on echocardiography, right atrial enlargement, thickening 
of the interatrial septum and valve leaflets, or characteristic 
late gadolinium enhancement and abnormal gadolinium 
kinetics on cardiovascular magnetic resonance (CMR) 
resulted in further investigations for amyloidosis, inclu-
ding biopsy.

Amyloid typing
Cardiac AL amyloidosis was diagnosed using free light 
chain (sFLC) concentrations in the serum (Binding Site 
test, Birmingham, United Kingdom), the serum and urine 
immunofixation, and at least two biopsies: endomyocardial 
biopsy, labial salivary gland biopsy, gastric biopsy, surgical 
fat tissue biopsy, and hematologic consultation including 
bone marrow biopsy.

Immunohistochemistry (IHC) was performed for amy-
loid typing. Four monoclonal antibodies were used: against 

serum amyloid A, transthyretin, kappa, and lambda light 
chains (DAKO, Glostrup, Denmark).

Cardiac ATTR amyloidosis was confirmed with tissue bi-
opsy and Technetium-based diphosphono-1,2-propanodi-
carboxylic acid (Tc-99m-DPD) scintigraphy. In every patient 
with ATTR amyloidosis, genetic analysis was performed 
and coding regions of the transthyretin (TTR) gene were 
screened by Sanger sequencing (SGS).

Genetic testing
Commercial testing of the galactosidase alpha (GLA) gene 
was performed in two patients with clinical features of 
Anderson-Fabry disease (SGS, CENTOGENE, Rostock, Ger-
many). DNA was extracted from the peripheral blood by 
phenol extraction or salting-out method in 15 patients. In 
12 patients, Next Generation Sequencing (NGS) was per-
formed using the TruSight One (TSO) sequencing panel 
consisting of >4800 disease-associated genes (Illumina, San 
Diego, California, CA, US) on Illumina HiSeq 1500. Whole 
exome sequencing (WES) was performed in 2 patients. WES 
libraries were prepared using the TruSeq Exome Enrich-
ment Kit (Illumina San Diego, CA, US) and sequenced on 
Illumina HiSeq1500. Library preparation, sequencing, and 
data analysis were performed as described previously 
[19]. SGS was performed in one patient and the presence 
of a gene variant detected previously in a relative was 
confirmed (Patient 18 in Table 2).

Results were inspected for rare (minor allele frequency 
<0.001 for dominant and <0.05 for recessive disorders) 
protein-coding or splicing variants in HCM- and RCM-as-
sociated genes including genes causative for genetic am-
yloidosis and storage diseases (Supplementary material, 
Table S2). The identified variants were classified according 
to the American College of Medical Genetics and Genomics 
guidelines [20]. Pathogenic and likely pathogenic variants 
identified with NGS were followed up in probands and 
their relatives with SGS using BigDye Terminator v3.1 or 
v1.1 Cycle Sequencing Kit (Life Technologies, Carlsbad, 
CA, US) according to the manufacturer’s instructions and 
the 3500xL or 3130xl Genetic Analyzer (Life Technologies, 
Carlsbad, CA, US). The results were analyzed with Variant 
Reporter 1.1 Software (Life Technologies, Carlsbad, CA, US).

Statistical analysis
The Shapiro-Wilk test was used for data distribution as-
sessment. Data were presented as mean with SD or as 
medians with interquartile ranges (IQR) depending on 
data distribution. The quantitative variables of two groups 
(the AL amyloidosis group and the na-RCM group) were 
compared with the independent samples t-test or the  
Mann-Whitney test. Fisher’s exact test was used for  
the comparison of categorical variables. The Pearson or the  
Spearman correlation analysis was used depending on 
data distribution. All-cause mortality was the only one 
analyzed endpoint. Four na-RCM patients who underwent 
heart transplantation were excluded from the survival 
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analysis. Survival was defined as the time between entry to 
the study and death for deceased patients (medical docu-
mentation or relatives’ reports) and time to last follow-up in 
April 2021 for patients who stayed alive (personal contact 
or phone call). The univariate Cox proportional models 
were prepared. Kaplan-Meier curves analysis with log-rank 
tests were performed for overall survival predictors provid-
ed that the sample size was large enough. Patients were 
assigned into two subgroups using the median values of 
predictors. Statistical analysis was performed with MedCalc 
v. 22.009 and PQstat v.1.8.2.

The study conformed to the principles of the Declara-
tion of Helsinki and was approved by the Ethics Committee 
of the Cardinal Wyszynski National Institute of Cardiology 
in December 2014. All patients provided written informed 
consent to participate in the study.

RESULTS
Thirty-six patients (median age 52 years, 18 females) were 
enrolled (Figure 1). The clinical details of the 8 patients 
with negative CA screening results are presented in the 
Supplementary material, Table S3. Fourteen patients were 

Table 2. Diagnostics of 18 patients with non-amyloid restrictive cardiomyopathy

No. Age
(yrs) and 

sex

Amyloidosis diagnostics Genetic testing Survival
(mos.)

sFLC CMR biopsy Gene and ACMG 
classification

Variant position (hg38), nucleotide,  
and amino acid change

1. 45, F N/A (–) N/A GLAc

Pathogenic
chrX-101407766-G-T, NM_000169.3:c.138C>A (p.His46Gln) 1, OHT

GLA
Pathogenic

chrX-101407751-C-G, NM_000169.3:c.153G>C (p.Met51Ile)

GLA
Pathogenic

chrX-101407737-C-A,  NM_000169.3:c.167G>T (p.Cys56Phe)

2. 27a N/A (–) (–) EMB TTNc

Likely pathogenic
chr2-178534401-A-G, NM_001267550.2:c.102214T>C 

(p.Trp34072Arg), rs375159973
11, OHT

3. 35a, F (–) (–) (–) EMB MYH7
Pathogenic

chr14-23429005-G-A, NM_000257.4:c.1357C>T (p.Arg453Cys), 
rs121913625

10, OHT

4. 65 N/A (–) N/A N/A (systemic sclerosis – genetic testing not performed) 28d

5. 57a, F N/A (–) (–) GLA
Pathogenic

chrX-101403846-G-A, NM_000169.3:c.334C>T (p.Arg112Cys) 70

6. 20a, F N/A (–) N/A MYH7
Likely pathogenic

14:23418243-G-T, NM_000257.4:c.4136C>A (p.Ala1379Asp) 69

7. 33, F (–) (?) (–) EMB TNNI3c

Likely pathogenic
19:55151904-A-C, NM_000363.5:c.563T>G (p.Val188Gly) 66

8. 42, F N/A (–) N/A FLNCc

Likely pathogenic
7:128851562-T-G, NM_001458.5:c.5776T>G p.Tyr1926Asp 10d

TTNc

VUS
2:178776534-C>T, NM_001267550.2:c.5330G>A (p.Cy-

s1777Tyr)

9. 55a N/A (–) N/A FLNCc

VUS
7:128849405-G>A, NM_001458.5:c.5026G>A (p.Gly1676Arg) 36d

10. 49, F N/A (–) (–) EMB PRKAG2
Likely pathogenic

7:151576440-A>G, NM_016203.4:c.877T>C (p.Phe293Leu) 58

BAG3
VUS

10:119676965-G>A, NM_004281.4:c.1411G>A (p.Glu471Lys), 
rs778496291

11. 63 (?) (–) (–) MYBPC3
Pathogenic

11:047332813-C>A, NM_000256.3:c.3490+1G>T,  rs397516020 5d

12. 44a (–) (–) N/A MYH7c

Likely pathogenic
14:023425363-A>T, NM_000257.4:c.2342T>A (p.Leu781Gln) 58

13. 63 N/A (–) (–) EMB MYBPC3 
Pathogenic

chr11-47341990 C-G, NM_000256.3:c.1790+1G>C 18d

ACTN2c

VUS
chr1-236762528 G-C, NM_001103.4:c.2594G>C

14. 40, F (–) (–) (–) Nothing to report 57

15. 50, F N/A (–) (–) EMB TNNI3c

Likely pathogenic
19:055151859-C-T, NM_000363.4:c.608G>A (p.Gly203Asp) 7, OHTd

16. 52 N/A (–) (–) EMB TNNI3c

Likely pathogenic
19:055154073-A-G, NM_000363.5:c.506T>C (p.Leu169Pro) 55d

17. 18, F N/A (–) N/A BAG3
Pathogenic

chr10-119672373 C-T, NM_004281.4:c.626C>T (p.Pro209Leu) 
rs121918312

50d

18. 37a,b N/A (–) N/A MYBPC3
Pathogenic

11:047332813-C>A, NM_000256.3:c.3490+1G>T, rs397516020 61

aFamily history of cardiomyopathy; bPatient 18 is a relative of Patient 11; cNovel variant; dPatient died during the study

Abbreviations: ACMG, American College of Medical Genetics and Genomics; ACTN2, actinin alpha 2; BAG3, BAG cochaperone 3; F, female; FLNC, filamin C; GLA, galactosidase 
alpha; hg38, Genome Reference Consortium Human Build 38; MYBPC3, myosin binding protein C3; MYH7, myosin heavy chain 7; N/A, not applicable — the test was not 
performed; OHT, orthotopic heart transplantation; PRKAG2, protein kinase AMP-activated non-catalytic subunit gamma 2; TNNI3, cardiac troponin I; TTN, titin; (–), the test 
excluded amyloidosis; (?), the test did not exclude amyloidosis; other — see Figure 1
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analysis. Survival was defined as the time between entry to 
the study and death for deceased patients (medical docu-
mentation or relatives’ reports) and time to last follow-up in 
April 2021 for patients who stayed alive (personal contact 
or phone call). The univariate Cox proportional models 
were prepared. Kaplan-Meier curves analysis with log-rank 
tests were performed for overall survival predictors provid-
ed that the sample size was large enough. Patients were 
assigned into two subgroups using the median values of 
predictors. Statistical analysis was performed with MedCalc 
v. 22.009 and PQstat v.1.8.2.

The study conformed to the principles of the Declara-
tion of Helsinki and was approved by the Ethics Committee 
of the Cardinal Wyszynski National Institute of Cardiology 
in December 2014. All patients provided written informed 
consent to participate in the study.

RESULTS
Thirty-six patients (median age 52 years, 18 females) were 
enrolled (Figure 1). The clinical details of the 8 patients 
with negative CA screening results are presented in the 
Supplementary material, Table S3. Fourteen patients were 

Table 2. Diagnostics of 18 patients with non-amyloid restrictive cardiomyopathy

No. Age
(yrs) and 

sex

Amyloidosis diagnostics Genetic testing Survival
(mos.)

sFLC CMR biopsy Gene and ACMG 
classification

Variant position (hg38), nucleotide,  
and amino acid change
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Pathogenic

chrX-101407751-C-G, NM_000169.3:c.153G>C (p.Met51Ile)

GLA
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chrX-101407737-C-A,  NM_000169.3:c.167G>T (p.Cys56Phe)
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Likely pathogenic
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11, OHT
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rs121913625
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TTNc

VUS
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s1777Tyr)

9. 55a N/A (–) N/A FLNCc
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VUS

10:119676965-G>A, NM_004281.4:c.1411G>A (p.Glu471Lys), 
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Likely pathogenic
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13. 63 N/A (–) (–) EMB MYBPC3 
Pathogenic

chr11-47341990 C-G, NM_000256.3:c.1790+1G>C 18d

ACTN2c

VUS
chr1-236762528 G-C, NM_001103.4:c.2594G>C

14. 40, F (–) (–) (–) Nothing to report 57

15. 50, F N/A (–) (–) EMB TNNI3c

Likely pathogenic
19:055151859-C-T, NM_000363.4:c.608G>A (p.Gly203Asp) 7, OHTd

16. 52 N/A (–) (–) EMB TNNI3c

Likely pathogenic
19:055154073-A-G, NM_000363.5:c.506T>C (p.Leu169Pro) 55d

17. 18, F N/A (–) N/A BAG3
Pathogenic

chr10-119672373 C-T, NM_004281.4:c.626C>T (p.Pro209Leu) 
rs121918312

50d

18. 37a,b N/A (–) N/A MYBPC3
Pathogenic

11:047332813-C>A, NM_000256.3:c.3490+1G>T, rs397516020 61

aFamily history of cardiomyopathy; bPatient 18 is a relative of Patient 11; cNovel variant; dPatient died during the study

Abbreviations: ACMG, American College of Medical Genetics and Genomics; ACTN2, actinin alpha 2; BAG3, BAG cochaperone 3; F, female; FLNC, filamin C; GLA, galactosidase 
alpha; hg38, Genome Reference Consortium Human Build 38; MYBPC3, myosin binding protein C3; MYH7, myosin heavy chain 7; N/A, not applicable — the test was not 
performed; OHT, orthotopic heart transplantation; PRKAG2, protein kinase AMP-activated non-catalytic subunit gamma 2; TNNI3, cardiac troponin I; TTN, titin; (–), the test 
excluded amyloidosis; (?), the test did not exclude amyloidosis; other — see Figure 1
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diagnosed with AL amyloidosis, 4 patients had ATTR amy-
loidosis, and 18 patients had na-RCM.

Two patients were diagnosed with variant ATTR amy-
loidosis, and the following gene variants were identified: 
NM_000371.4:c.157T>C(p.Phe53Leu) known as Phe33Leu, 
and NM_000371.4:c.302C>T(p.Ala101Val) known as Ala-
81Val, rs1555631417. Two patients were diagnosed with 
wild-type ATTR amyloidosis.

Genetic testing (GT) was performed in 15 patients with 
na-RCM, excluding two commercial tests of the GLA gene 
used for confirmation of Anderson-Fabry disease. Systemic 
sclerosis was the cause of na-RCM in one patient, so no 
GT was indicated (Figure 1). Detailed diagnostics of the 
na-RCM group with GT results are depicted in Table 2 (addi-
tional information — see the Supplementary material, Table 

S4). Positive GT results were observed in 12 of 14 patients 
(86%), who underwent NGS, and in one relative (Patient 
18 see Table 2). Five novel pathogenic or likely pathogenic 
gene variants were detected in 5 patients.

The median follow-up time was 31.5 months (interquar-
tile range [IQR]: 6.7–58.5) for all patients included in the 
survival analysis (n = 32) and 63.5 months (IQR: 58–67.5) for 
surviving patients (n = 12). At data cutoff, 20 patients (56%) 
had died with a median survival time of 9 months (IQR: 
3.5–28.5). The median overall survival for all 32 patients in-
cluded in the survival analysis was 29 months (IQR: 8–55). The 
main cause of death was advanced HF, and the main cause 
of death in AL amyloidosis was pulseless electrical activity.

General characteristics of the total cohort and compar-
ison of the AL and na-RCM groups are presented in Table 3.

Patients with RCM (n = 38)

EMB (n = 12)/tissue biopsy (n = 16),
sFLC (n = 22), hematologist (n = 18)

Excluded
• Dialysis (n = 1)  
• Lack of IC (n = 1)  
• Neoplasms (n = 0)

Enrolled (n = 36)

Cardiac amyloidosis 
screening (n = 36)

Positive (n = 28)

• Age ≥30 years
• No family history of CM  
• ≤12 months of HF, early satiety, 

meat aversion, weight loss ≥10 kg  
• ECG low amplitude, 

pseudo infarct pattern  
• Echo hyperechogenicity  
• CMR typical LGE

Negative → na-RCM (n = 8)

Systemic sclerosis 
(n = 1)

SGS of TTR gene, Tc-99m-DPD scan

Commercial GLA 
gene test (n = 2)  GT (n = 15)  

NGS: TSO (n = 12), WES (n = 2); SGS (n = 1)
AL (n = 14) ATTR (n = 4) na-RCM (n = 10)

ATTRv (n = 2) ATTRwt (n = 2) GT negative (n = 1) VUS (n = 1)

A-F disease 
(n = 2)

GT-positive (Lp or P) 
(n = 12 + 1 relative)

Figure 1. Patient flowchart

Abbreviations: A-F, Anderson-Fabry; AL, light-chain amyloidosis; ATTR, transthyretin amyloidosis; CM, cardiomyopathy; CMR, cardiovascular 
magnetic resonance; EMB, endomyocardial biopsy; sFLC, serum free light chains; GLA, alpha-galactosidase A; GT, genetic testing; HF, heart  
failure; IC, informed consent; LGE, late gadolinium enhancement; Lp, likely pathogenic gene variant; n, number of patients; na-RCM, non- 
-amyloid RCM; NGS, next generationsequencing; P, pathogenic gene variant; RCM, restrictive cardiomyopathy; SGS, Sanger sequencing;  
Tc-99m-DPD scan, Technetium-based diphosphono-1,2-propanodicarboxylic acid scintigraphy; TSO, TruSight One; TTR, transthyretin;  
VUS, gene variant of uncertain significance; WES, whole exome sequencing
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The prognostic factors for overall survival identified by 
univariate Cox models are presented in Table 4.

The sample size was big enough to perform Kaplan-Mei-
er analysis with the log-rank test for four predictors of 
overall survival: GDF-15, hs-TnT, NT-proBNP, and pericardial 
effusion, considered as continuous variables (Figure 2).

The Kaplan-Meier analysis of the total cohort, excluding 
the recipients of heart transplants (n = 32), is presented 
in Figure 3.

Significant correlations of GDF-15 and sST2 with other 
variables observed in the entire group of 36 patients are 
presented in the Supplementary material, Table S5.

DISCUSSION
We describe a thorough analysis of the etiology, clinical 
characteristics, and prognostic factors of the rarest car-

diomyopathy subtype. Cardiac amyloidosis screening 
should start diagnostic workup for every RCM patient [21]. 
We preferred an early invasive strategy and performed 
a biopsy in 77.8% of patients. Today, CA screening should 
include sFLC assessment with serum and urine immuno-
fixation and DPD scan in the event of negative laboratory 
results. However, positive hematological tests should result 
in a prompt biopsy.

It is worth emphasizing that a high percentage of 
positive GT results was observed in the na-RCM group 
(86%). This justifies the inclusion of GT in diagnostic man-
agement of na-RCM. Such a high proportion of positive GT 
results, namely the identification of pathogenic or likely 
pathogenic gene variants, may have resulted from careful 
group selection and identification of specific heart muscle 
diseases. Notably, in that group, there were two patients 

Table 3. General characteristics of the total cohort and comparison of the non-amyloid restrictive cardiomyopathy (na-RCM) group and the 
light-chain (AL) amyloidosis group

Variable Total cohort
n = 36

na-RCM
n = 18

AL amyloidosis
n = 14

P-value

Demographical and clinical data

Age, years, median (IQR) 52 (43–63) 45 (35–55) 58 (50–65) 0.008

HF symptoms, months, median (IQR) 16 (12–37) 57 (34–84) 12 (6–14) <0.001

Heart rate, n/min, median (IQR) 77 (67–90) 69 (60–80) 80 (75–96) 0.1

Atrial fibrillation, n (%) 15 (42) 10 (56) 3 (21%) 0.08

Systolic blood pressure, mm Hg, median (IQR) 113 (99–125) 112 (100–123) 106 (90–125) 0.3

Diastolic blood pressure, mm Hg, median (IQR) 74 (61–80) 71 (60–80) 68 (60–80) 0.5

Laboratory investigations

Creatinine, µmol/l, median (IQR) 91 (80–110) 81 (78-107) 93 (81–117) 0.5

eGFR, ml/min/1.73 m2, median (IQR) 66 (51–77) 69 (55–83) 64 (49–70) 0.3

GDF-15, pg/ml, median (IQR) 1316 (654–2204) 972 (420–2188) 1656 (1344–2472) 0.04

hs-TnT, ng/l, median (IQR) 39 (24–90) 25 (18–42) 112 (36–145) <0.001

NT-proBNP, pg/ml, median (IQR) 3384 (1998–6578) 2074 (1064–3288) 7091 (4048–10028) <0.001

sST2, ng/ml, median (IQR) 23 (17–39) 19 (12–27) 37 (23–62) 0.01

Echocardiography

e’ lateral, cm/s, median (IQR) 7 (5–9) 9 (6–11) 5 (3–7) 0.02

e’ septal, cm/s, median (IQR) 5 (3–6) 5 (3–6) 4 (4–6) 0.4

E/e’ ratio, median (IQR) 15 (12–21) 14 (11–18) 20 (12–25) 0.1

Left atrial area, cm2, median (IQR) 29 (25–35) 35 (32–41) 27 (23–28) <0.001

LAVI, ml/m2, median (IQR) 67 (46–76) 86 (61–108) 48 (42–57) 0.02

LV IVS, mm, median (IQR) 16 (14–19) 14 (12–16) 18 (15–19) 0.02

LV posterior wall, mm, median (IQR) 14 (13–16) 13 (10–14) 16 (15–16) <0.001

LV s’, cm/s, median (IQR) 6 (5–7) 6 (5–7) 5 (4–8) 0.2

LVEF, %, median (IQR) 55 (45–65) 59 (45–65) 55 (50–70) 0.5

LV stroke volume, ml, median (IQR) 35 (31–52) 48 (33–62) 34 (22–40) 0.03

LV end-diastolic diameter, mm, median (IQR) 45 (41–48) 48 (43–49) 42 (39–45) 0.02

PASP, mm Hg, median (IQR) 45 (40–55) 55 (43–73) 44 (40–48) 0.07

Pulmonary hypertension, n (%) 25 (69) 11 (61) 12 (86) 0.2

Right atrial area, cm2, median (IQR) 24 (20–30) 28 (24–39) 20 (18–21) 0.002

RV s’, cm/s, median (IQR) 9 (8–11) 10 (8–11) 9 (7–11) 0.6

RV end-diastolic diameter, mm, mean (SD) 38 (6) 39 (8) 37 (4) 0.2

RV wall, mm, median (IQR) 8 (5–9) 5 (5–8) 8 (6–9) 0.08

TAPSE, mm, mean (SD) 16 (5) 18 (5) 14 (5) 0.03

TRPV, m/s, mean (SD) 3.1 (0.6) 3.3 (0.7) 2.8 (0.4) 0.04

Pericardial effusion, n (%) 19 (53) 6 (33%) 13 (93%) <0.001

Pericardial effusion, mm, median (IQR) 3.5 (0.0–8.0) 0.0 (0.0–6.4) 8.0 (5.4–11.0) 0.009

Abbreviations: eGFR, estimated glomerular filtration rate; GDF-15, growth differentiation factor-15; hs-TnT, high-sensitive troponin T; IQR, interquartile range; LV, left ventricle; 
LV s’, early mitral valve annular systolic velocity; NT-proBNP, N-terminal-proB-type natriuretic peptide; PASP, pulmonary artery systolic pressure; RV, right ventricle; RV s’, early 
tricuspid valve annular systolic velocity; sST2, soluble suppression of tumorigenicity 2; TAPSE, tricuspid annulus plane systolic excursion; others — see Table 1
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LV end-diastolic diameter, mm, median (IQR) 45 (41–48) 48 (43–49) 42 (39–45) 0.02

PASP, mm Hg, median (IQR) 45 (40–55) 55 (43–73) 44 (40–48) 0.07

Pulmonary hypertension, n (%) 25 (69) 11 (61) 12 (86) 0.2

Right atrial area, cm2, median (IQR) 24 (20–30) 28 (24–39) 20 (18–21) 0.002

RV s’, cm/s, median (IQR) 9 (8–11) 10 (8–11) 9 (7–11) 0.6

RV end-diastolic diameter, mm, mean (SD) 38 (6) 39 (8) 37 (4) 0.2

RV wall, mm, median (IQR) 8 (5–9) 5 (5–8) 8 (6–9) 0.08

TAPSE, mm, mean (SD) 16 (5) 18 (5) 14 (5) 0.03

TRPV, m/s, mean (SD) 3.1 (0.6) 3.3 (0.7) 2.8 (0.4) 0.04

Pericardial effusion, n (%) 19 (53) 6 (33%) 13 (93%) <0.001

Pericardial effusion, mm, median (IQR) 3.5 (0.0–8.0) 0.0 (0.0–6.4) 8.0 (5.4–11.0) 0.009

Abbreviations: eGFR, estimated glomerular filtration rate; GDF-15, growth differentiation factor-15; hs-TnT, high-sensitive troponin T; IQR, interquartile range; LV, left ventricle; 
LV s’, early mitral valve annular systolic velocity; NT-proBNP, N-terminal-proB-type natriuretic peptide; PASP, pulmonary artery systolic pressure; RV, right ventricle; RV s’, early 
tricuspid valve annular systolic velocity; sST2, soluble suppression of tumorigenicity 2; TAPSE, tricuspid annulus plane systolic excursion; others — see Table 1
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Table 4. Univariate Cox models analysis in 32 patients with restrictive cardiomyopathy

Univariate Cox model Hazard ratio 95% confidence interval of hazard ratio P-value

Systolic blood pressure 0.97 0.95–0.99 0.03

Diastolic blood pressure 0.95 0.91–0.99 0.01

GDF-15 (per 1000 pg/ml increase) 1.45 1.12–1.88 0.004

hs-TnT (per 10 ng/l increase) 1.10 1.04–1.16 <0.001

NT-proBNP (per 1000 pg/ml increase) 1.17 1.08–1.28 <0.001

LV stroke volume 0.95 0.92–0.99 0.007

E/e’ ratio 1.06 1.01–1.11 0.01

TAPSE 0.84 0.75–0.94 0.002

RV s’ 0.74 0.59–0.92 0.006

Pulmonary hypertension (yes vs. no) 4.33 1.26–14.90 0.02

Pericardial effusion (yes vs. no) 5.49 1.94–15.51 0.001

Pericardial effusion (per 1 mm increase) 1.13 1.04–1.22 0.003

Abbreviations: see Tables 1 and 3
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Figure 2. Prognostic factors for survival in restrictive cardiomyopathy. Kaplan-Meier survival curves stratified by the median of GDF-15 (A), 
NT-proBNP (B), high-sensitive troponin T (C), and pericardial effusion (D)

Abbreviations: see Table 2
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LV stroke volume 0.95 0.92–0.99 0.007
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Figure 2. Prognostic factors for survival in restrictive cardiomyopathy. Kaplan-Meier survival curves stratified by the median of GDF-15 (A), 
NT-proBNP (B), high-sensitive troponin T (C), and pericardial effusion (D)
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Figure 3. Overall survival in restrictive cardiomyopathy. Kaplan- 
-Meier survival curve for 32 patients

with Anderson-Fabry disease – one with protein kinase 
AMP-activated non-catalytic subunit gamma 2 (PRKAG2) 
cardiomyopathy and one with myofibrillar myopathy relat-
ed to the Bcl2-associated athanogene 3 (BAG3) Pro209Leu 
variant. Similarly, as in the literature, pathogenic sarcomeric 
variants were the most common. The study was conducted 
in a tertiary cardiac department, so patient selection bias 
should also be considered.

Importantly, we identified five novel gene variants, with 
further genetic research on RCM. Restrictive cardiomyopathy 
is still a lesser-known cardiomyopathy subtype. Data about 
the genetic background of RCM in Polish patients are scant.

As LVEF remains normal or slightly decreased in RCM 
patients for a long time [2], it is important to include amy-
loidosis [22] and na-RCM in differential diagnosis of HF with 
preserved ejection fraction. Although LVEF is commonly 
used in clinical practice, it is less suitable for assessing prog-
nosis in RCM than RV function. Only ten patients (28%) in 
the study had decreased LVEF <50%. The lowest LVEF value 
was 40%, and this was observed in four patients. Whereas 
decreased RV function defined as TAPSE <17 mm [16] was 
present in 19 patients (53%).

Results concerning atrial areas were serendipitous. Atri-
al dilation is considered a reliable marker of increased 
pressure in the left ventricle and diastolic dysfunction [14]. 
Meanwhile, in our study, patients with AL amyloidosis had 
smaller LA dimensions than in the na-RCM group; they 
had also lower lateral mitral annular e’ velocities. The latter 
variable suggested more advanced diastolic dysfunction. 
Similarly, the higher values of the E/e’ ratio in the AL group 
could indicate a more restrictive filling pattern although 
the latter difference was not significant. We suggest that 
amyloid deposits gathering in the atrial wall prevent further 
atrial dilation. Thus, LA dimension in AL amyloidosis may 
not actually reflect diastolic dysfunction.

Troponin T, NT-proBNP [23], GDF-15 [6], and pericardial 
effusion [24] were proposed as prognostic factors in AL 
amyloidosis. We observed a relevant prognostic value of 

these parameters in RCM regardless of disease etiology. 
Small (<10 mm; n = 12) to moderate (10–20 mm; n = 7) 
amounts of pericardial effusion were observed, with no 
cases of cardiac tamponade. Interestingly, just 3.5 mm of 
pericardial effusion indicated worse survival.

Recent studies showed that GDF-15 levels may be used 
in early determination of anthracycline-induced cardiomy-
opathy during treatment of childhood cancers [25] and are 
positively correlated with myocardial fibrosis parameters 
in systemic sclerosis [26]. Soluble ST2 predicts negative 
outcomes for patients with Chagas disease [27].

However, according to our knowledge, this is the 
first analysis of GDF-15 and sST2 concentrations in the 
whole spectrum of RCM. The advantage of GDF-15 above 
sST2 in RCM prognosis needs to be confirmed in further 
studies. Correlations observed between GDF-15 and RV 
function demonstrate the utility of this biomarker in right 
ventricular assessment in RCM (Supplementary material, 
Table S5).

Limitations
Patients were diagnosed from January 2015 to August 
2016. Current guidelines concerning amyloidosis [28, 29] 
were not available at that time, so we needed to refine 
our own diagnostic algorithm to achieve an indisputable 
diagnosis. The early invasive strategy with endomyocardial 
or surrogate tissue biopsy, as presented in the study, is 
gaining ground today, especially in the case of high AL 
amyloidosis suspicion [29, 30].

Amyloid typing was performed by immunohistochem-
istry instead of mass-spectrometry, which is considered 
the gold standard. Still, it is accepted that referral centers 
use a method with which they are familiar [28, 29]. Each 
amyloidosis diagnosis was confirmed by two tissue/organ 
biopsies and further testing: DPD scan and genetic eval-
uation of the TTR gene, or hematological assessment for 
AL amyloidosis.

The limited size of the study group is a serious draw-
back. Prognostic factors for overall survival identified by 
the univariate Cox model may be thrown into question. The 
study group was not large enough to perform multivariate 
Cox model analysis (n <33), which reduced the value of 
survival analysis. However, given limited data about RCM, 
which is an extremely rare disease, we decided to report 
the results of our study. For comparison purposes, the Car-
diomyopathy Registry of the EURObservational Research 
Programme included 66 RCM patients [1].

Nevertheless, it should be emphasized that all patients 
met the recent RCM criteria proposed by the European 
Society of Cardiology, which require several months of 
persistence of a restrictive filling pattern to confirm RCM 
diagnosis [2]. However, we suggest being wary of post-
poning RCM diagnosis because any delay in confirming 
AL amyloidosis may be fateful.

It would be very interesting to include CMR parameters 
in survival analysis. Unfortunately, performing CMR in five 
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-Meier survival curve for 32 patients
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AMP-activated non-catalytic subunit gamma 2 (PRKAG2) 
cardiomyopathy and one with myofibrillar myopathy relat-
ed to the Bcl2-associated athanogene 3 (BAG3) Pro209Leu 
variant. Similarly, as in the literature, pathogenic sarcomeric 
variants were the most common. The study was conducted 
in a tertiary cardiac department, so patient selection bias 
should also be considered.

Importantly, we identified five novel gene variants, with 
further genetic research on RCM. Restrictive cardiomyopathy 
is still a lesser-known cardiomyopathy subtype. Data about 
the genetic background of RCM in Polish patients are scant.

As LVEF remains normal or slightly decreased in RCM 
patients for a long time [2], it is important to include amy-
loidosis [22] and na-RCM in differential diagnosis of HF with 
preserved ejection fraction. Although LVEF is commonly 
used in clinical practice, it is less suitable for assessing prog-
nosis in RCM than RV function. Only ten patients (28%) in 
the study had decreased LVEF <50%. The lowest LVEF value 
was 40%, and this was observed in four patients. Whereas 
decreased RV function defined as TAPSE <17 mm [16] was 
present in 19 patients (53%).

Results concerning atrial areas were serendipitous. Atri-
al dilation is considered a reliable marker of increased 
pressure in the left ventricle and diastolic dysfunction [14]. 
Meanwhile, in our study, patients with AL amyloidosis had 
smaller LA dimensions than in the na-RCM group; they 
had also lower lateral mitral annular e’ velocities. The latter 
variable suggested more advanced diastolic dysfunction. 
Similarly, the higher values of the E/e’ ratio in the AL group 
could indicate a more restrictive filling pattern although 
the latter difference was not significant. We suggest that 
amyloid deposits gathering in the atrial wall prevent further 
atrial dilation. Thus, LA dimension in AL amyloidosis may 
not actually reflect diastolic dysfunction.

Troponin T, NT-proBNP [23], GDF-15 [6], and pericardial 
effusion [24] were proposed as prognostic factors in AL 
amyloidosis. We observed a relevant prognostic value of 

these parameters in RCM regardless of disease etiology. 
Small (<10 mm; n = 12) to moderate (10–20 mm; n = 7) 
amounts of pericardial effusion were observed, with no 
cases of cardiac tamponade. Interestingly, just 3.5 mm of 
pericardial effusion indicated worse survival.

Recent studies showed that GDF-15 levels may be used 
in early determination of anthracycline-induced cardiomy-
opathy during treatment of childhood cancers [25] and are 
positively correlated with myocardial fibrosis parameters 
in systemic sclerosis [26]. Soluble ST2 predicts negative 
outcomes for patients with Chagas disease [27].

However, according to our knowledge, this is the 
first analysis of GDF-15 and sST2 concentrations in the 
whole spectrum of RCM. The advantage of GDF-15 above 
sST2 in RCM prognosis needs to be confirmed in further 
studies. Correlations observed between GDF-15 and RV 
function demonstrate the utility of this biomarker in right 
ventricular assessment in RCM (Supplementary material, 
Table S5).

Limitations
Patients were diagnosed from January 2015 to August 
2016. Current guidelines concerning amyloidosis [28, 29] 
were not available at that time, so we needed to refine 
our own diagnostic algorithm to achieve an indisputable 
diagnosis. The early invasive strategy with endomyocardial 
or surrogate tissue biopsy, as presented in the study, is 
gaining ground today, especially in the case of high AL 
amyloidosis suspicion [29, 30].

Amyloid typing was performed by immunohistochem-
istry instead of mass-spectrometry, which is considered 
the gold standard. Still, it is accepted that referral centers 
use a method with which they are familiar [28, 29]. Each 
amyloidosis diagnosis was confirmed by two tissue/organ 
biopsies and further testing: DPD scan and genetic eval-
uation of the TTR gene, or hematological assessment for 
AL amyloidosis.

The limited size of the study group is a serious draw-
back. Prognostic factors for overall survival identified by 
the univariate Cox model may be thrown into question. The 
study group was not large enough to perform multivariate 
Cox model analysis (n <33), which reduced the value of 
survival analysis. However, given limited data about RCM, 
which is an extremely rare disease, we decided to report 
the results of our study. For comparison purposes, the Car-
diomyopathy Registry of the EURObservational Research 
Programme included 66 RCM patients [1].

Nevertheless, it should be emphasized that all patients 
met the recent RCM criteria proposed by the European 
Society of Cardiology, which require several months of 
persistence of a restrictive filling pattern to confirm RCM 
diagnosis [2]. However, we suggest being wary of post-
poning RCM diagnosis because any delay in confirming 
AL amyloidosis may be fateful.

It would be very interesting to include CMR parameters 
in survival analysis. Unfortunately, performing CMR in five 
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patients with AL amyloidosis was unfeasible due to clinical 
and technical difficulties.

Treatment analysis was not performed because of the 
limited size of the study group and the different schemes 
of chemotherapy for AL amyloidosis.

Since 2015, when the study started, new variants 
in RCM-associated genes have been identified [13]. We 
re-analyzed our data in 2023 in light of these new find-
ings. However, only two of our patients had WES performed 
(Patients 3 and 9 in Table 2) and the discoidin CUB and 
LCCL domain-containing protein 2 (DCBLD2) gene vari-
ants assessment since the TSO panel does not allow this 
analysis. Variants of unknown significance of the filamin 
C (FLNC) gene were detected in two patients, and further 
studies would be warranted.

CONCLUSIONS
Light-chain amyloidosis is the most common cause of RCM. 
Primary RCM with genetic background is the second most 
frequent cause of RCM, what justifies including genetic 
testing in the diagnostic workup of RCM patients after 
exclusion of AL amyloidosis. Although we have found rel-
evant differences in clinical pictures of AL amyloidosis and 
non-amyloid restrictive cardiomyopathy, the prognosis of 
both RCM subtypes remains poor. GDF-15 concentration 
upon hospital admission, but not sST2 concentration, 
should be considered as prognostic factor in RCM pa-
tients. Remaining predictors of death that are worth further 
studies include NT-proBNP and hs-TnT concentrations and 
pericardial effusion.

Supplementary material 
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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analysis. Variants of unknown significance of the filamin 
C (FLNC) gene were detected in two patients, and further 
studies would be warranted.

CONCLUSIONS
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frequent cause of RCM, what justifies including genetic 
testing in the diagnostic workup of RCM patients after 
exclusion of AL amyloidosis. Although we have found rel-
evant differences in clinical pictures of AL amyloidosis and 
non-amyloid restrictive cardiomyopathy, the prognosis of 
both RCM subtypes remains poor. GDF-15 concentration 
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tients. Remaining predictors of death that are worth further 
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A B S T R A C T
Background: Psychosocial risk factors are important determinants of cardiovascular diseases (CVDs): 
people involved in positive relationships live longer than those with low social support (SS). 

Aims: Our study aimed to evaluate the association between SS, components of the social network, 
and CVDs.

Methods: A cross-sectional population-based survey WOBASZ II conducted in the years 2013– 
–2014 included a sample of 6043 individuals, aged 20 and over, who completed the Berkman-Syme 
questionnaire to assess SS using the social network index (SNI).

Results: Higher percentage of low SS was observed in women (52.15%) compared to men (45.4%) 
(P <0.001). People with a low SNI had a worse CVD risk factor profile. None of the analyzed social 
contacts (with children, relatives, or friends), regardless of how satisfactory they were, was associated 
with CVDs in men. In women, satisfying contact with children or relatives appeared to be associated 
with better cardiovascular health. Furthermore, active participation in organized social activity in-
creased the chance of arrhythmia in both sexes: 1.50 (1.04–2.15); P = 0.029 in men; 1.47 (1.11–1.95); 
P = 0.007 in women. Although a low SNI was associated with analyzed CVDs in the univariate analysis, 
it was not confirmed in the fully adjusted model. 

Conclusions: More women had low SS compared to men. People with low SS had a worse CVD risk 
factor profile. There was a significant independent relationship between different components of 
the SNI, such as social contacts and CVDs in women and active participation in organized social 
activity and arrhythmia in both sexes.

Key words: Berkman-Syme questionnaire, cardiovascular diseases, cross-sectional study, Polish 
population, social support
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W H A T ’ S  N E W ?
The main novelty of our study was that we not only analyzed the social support (SS) index as a whole but also particular com-
ponents of the social network index (SNI), taking into account their quality. We showed worse cardiovascular disease (CVD) risk 
factor profile in individuals with a low SNI and found that social contact (with children, relatives, or friends), its quality, and the 
number of sources of social ties (none or 1, 2, and 3) were associated with cardiovascular health, but only in women. In turn, active 
participation in organized social activity increased the chance of arrhythmia in both sexes and, additionally, CVDs in women. 
The results of our study let us draw attention to the issue of SS as it is known that persons receiving higher support have better 
physical and psychological health, better lifestyle, and greater medication adherence. 

INTRODUCTION
Cardiovascular diseases (CVDs) are the leading cause of mor-
bidity and mortality, responsible for most social costs, deteri-
oration in quality of life, and shortening of life expectancy [1].  
It is well known that people involved in positive relationships 
live longer than those with low social support (SS) [2]. This is 
especially true for people with low SS, low socioeconomic 
status, or depression. The simplest definition of SS was pro-
posed by Sarason: social support means assistance available 
to the individual in a difficult or stressful situation [3]. Lack 
of social support affects people negatively [4]. Some psy-
chological factors that lead to chronic physiological stress, 
such as low SS or depression, are considered determinants 
of cardiovascular health because they can cause chronic 
systemic inflammation and increase the frequency of poten-
tially negative behaviors that lead to the formation of new 
or increased intensity of current risk factors [5, 6]. In turn, 
a high level of SS has a positive impact on health behavior 
as well as on compliance with physician recommendations. 

Although the overall beneficial effect of SS has been 
consistently reported in most studies, components of SS 
in different populations may not have the same effect. 
Different forms, sources, and types of SS can be critical in 
protecting various communities. In post-transformation 
Poland, after profound social and economic changes, 
the level of social support is similar to that of Western 
European countries [7] although it has recently decreased 
[8]. Furthermore, it is impossible to ignore the effect of  
the COVID-19 pandemic. Because of restrictions during the 
pandemic, the frequency of social face-to-face contact and 
its quality has changed, which influenced social well-being. 
Also, new forms of contact were created, e.g. online SS 
(home working, home education), which had existed before 
the pandemic but have increased during it, and some of 
them have remained since the COVID-19 pandemic ended.

This study aimed to evaluate the association between 
social support in general, as well as different components 
of the social network and CVDs, taking into account the 
quality of social contacts. 

METHODS

Research design and participants
The methods of the National Multicenter Health Examina-
tion Survey (Polish acronym WOBASZ II) were previously 

published [9]. In summary, the study was carried out in 
2013–2014 in a sample of the Polish population, aged 
20 and over. The random selection of participants stratified 
according to sex, administrative units, and type of urban-
ization was carried out using the electronic database of 
national individual personal identification numbers (PESEL) 
with a response rate of 46.5%. The study was accepted by 
the Field Bioethics Committee (no. 1344/12). Before data 
collection, all respondents signed an informed consent 
for both questionnaires, physical examination, and blood 
tests. Finally, 6043 individuals (2710 men and 3333 wom-
en) were examined who completed the Berkman-Syme 
questionnaire [10].

Data assessment
The study protocol involved conducting a face-to-face ques-
tionnaire, physical examination, and laboratory tests. For the 
present analysis, we identified people who suffered: from 
ischemic heart disease (IHD), arrhythmia, and cardiovascular 
diseases (CVDs) based on self-reported data. Individuals with 
IHD had a medical history of diagnosis or hospitalization for 
acute coronary syndrome including myocardial infarction 
(MI), percutaneous coronary intervention (PCI), coronary 
artery bypass grafting (CABG), a history of MI, or a diagnosis 
of IHD without hospitalization. Persons with arrhythmia 
had a medical history of diagnosis or hospitalization for ar-
rhythmia, including atrial fibrillation and other heart rhythm 
disturbances, or an implanted pacemaker/cardioverter-de-
fibrillator. Hypertensive people were defined as those with 
arterial blood pressure ≥140/90 mm Hg (mean taken from 
the 2nd and 3rd blood pressure measurements made during 
the survey) and/or those reporting use of antihypertensive 
medication. Subjects with a self-reported medical history of 
diabetes or with a fasting blood glucose level ≥7.0 mmol/l or 
on hypoglycemic treatment were considered diabetic. Obesi-
ty was diagnosed as a body mass index (BMI) ≥30 kg/m2. The 
current smoker was a person who regularly smokes at least 
one cigarette a day, a former smoker was a person who had 
smoked in the past, stopped smoking, and did not smoke 
at the time of the survey; and a non-smoker was a person 
who had never smoked cigarettes. 

Assessment of social support
Social support was evaluated according to the “social 
network scale” by Berkman-Syme [10]. The Berkman-Syme 
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W H A T ’ S  N E W ?
The main novelty of our study was that we not only analyzed the social support (SS) index as a whole but also particular com-
ponents of the social network index (SNI), taking into account their quality. We showed worse cardiovascular disease (CVD) risk 
factor profile in individuals with a low SNI and found that social contact (with children, relatives, or friends), its quality, and the 
number of sources of social ties (none or 1, 2, and 3) were associated with cardiovascular health, but only in women. In turn, active 
participation in organized social activity increased the chance of arrhythmia in both sexes and, additionally, CVDs in women. 
The results of our study let us draw attention to the issue of SS as it is known that persons receiving higher support have better 
physical and psychological health, better lifestyle, and greater medication adherence. 

INTRODUCTION
Cardiovascular diseases (CVDs) are the leading cause of mor-
bidity and mortality, responsible for most social costs, deteri-
oration in quality of life, and shortening of life expectancy [1].  
It is well known that people involved in positive relationships 
live longer than those with low social support (SS) [2]. This is 
especially true for people with low SS, low socioeconomic 
status, or depression. The simplest definition of SS was pro-
posed by Sarason: social support means assistance available 
to the individual in a difficult or stressful situation [3]. Lack 
of social support affects people negatively [4]. Some psy-
chological factors that lead to chronic physiological stress, 
such as low SS or depression, are considered determinants 
of cardiovascular health because they can cause chronic 
systemic inflammation and increase the frequency of poten-
tially negative behaviors that lead to the formation of new 
or increased intensity of current risk factors [5, 6]. In turn, 
a high level of SS has a positive impact on health behavior 
as well as on compliance with physician recommendations. 

Although the overall beneficial effect of SS has been 
consistently reported in most studies, components of SS 
in different populations may not have the same effect. 
Different forms, sources, and types of SS can be critical in 
protecting various communities. In post-transformation 
Poland, after profound social and economic changes, 
the level of social support is similar to that of Western 
European countries [7] although it has recently decreased 
[8]. Furthermore, it is impossible to ignore the effect of  
the COVID-19 pandemic. Because of restrictions during the 
pandemic, the frequency of social face-to-face contact and 
its quality has changed, which influenced social well-being. 
Also, new forms of contact were created, e.g. online SS 
(home working, home education), which had existed before 
the pandemic but have increased during it, and some of 
them have remained since the COVID-19 pandemic ended.

This study aimed to evaluate the association between 
social support in general, as well as different components 
of the social network and CVDs, taking into account the 
quality of social contacts. 

METHODS

Research design and participants
The methods of the National Multicenter Health Examina-
tion Survey (Polish acronym WOBASZ II) were previously 

published [9]. In summary, the study was carried out in 
2013–2014 in a sample of the Polish population, aged 
20 and over. The random selection of participants stratified 
according to sex, administrative units, and type of urban-
ization was carried out using the electronic database of 
national individual personal identification numbers (PESEL) 
with a response rate of 46.5%. The study was accepted by 
the Field Bioethics Committee (no. 1344/12). Before data 
collection, all respondents signed an informed consent 
for both questionnaires, physical examination, and blood 
tests. Finally, 6043 individuals (2710 men and 3333 wom-
en) were examined who completed the Berkman-Syme 
questionnaire [10].

Data assessment
The study protocol involved conducting a face-to-face ques-
tionnaire, physical examination, and laboratory tests. For the 
present analysis, we identified people who suffered: from 
ischemic heart disease (IHD), arrhythmia, and cardiovascular 
diseases (CVDs) based on self-reported data. Individuals with 
IHD had a medical history of diagnosis or hospitalization for 
acute coronary syndrome including myocardial infarction 
(MI), percutaneous coronary intervention (PCI), coronary 
artery bypass grafting (CABG), a history of MI, or a diagnosis 
of IHD without hospitalization. Persons with arrhythmia 
had a medical history of diagnosis or hospitalization for ar-
rhythmia, including atrial fibrillation and other heart rhythm 
disturbances, or an implanted pacemaker/cardioverter-de-
fibrillator. Hypertensive people were defined as those with 
arterial blood pressure ≥140/90 mm Hg (mean taken from 
the 2nd and 3rd blood pressure measurements made during 
the survey) and/or those reporting use of antihypertensive 
medication. Subjects with a self-reported medical history of 
diabetes or with a fasting blood glucose level ≥7.0 mmol/l or 
on hypoglycemic treatment were considered diabetic. Obesi-
ty was diagnosed as a body mass index (BMI) ≥30 kg/m2. The 
current smoker was a person who regularly smokes at least 
one cigarette a day, a former smoker was a person who had 
smoked in the past, stopped smoking, and did not smoke 
at the time of the survey; and a non-smoker was a person 
who had never smoked cigarettes. 

Assessment of social support
Social support was evaluated according to the “social 
network scale” by Berkman-Syme [10]. The Berkman-Syme 
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questionnaire, composed of 31 questions on marital status, 
contacts with children, friends, and relatives, and active 
participation in organized social activities, was used to 
assess SS in the examined population. The respondents’ 
answers received codes or points, and suitable code tables 
were used to calculate the social network index (SNI) to 
identify low, medium, high, and very high SS in the exam-
ined persons. For our analysis, the last two subgroups were 
combined into one “high” SS group. The method applied 
in the study was in agreement with the WHO MONICA 
Psychosocial Optional Study (MOPSY)  guidelines [11]. 
Additionally, we analyzed different components of the 
SNI, e.g., contacts with at least 1 child, at least 1 relative, 
or at least 1 friend, together with their quality (combined 
none or unsatisfactory contact vs. satisfactory contact, 
according to subjective assessment) and also partici-
pation in at least 1 organization: social, political, sports, 
charity organizations and unions (combined no or passive 
vs. very or moderately active participation). Furthermore, 
we assigned participants to 3 groups, according to the 
number of sources of satisfactory social contacts (children, 
relatives, friends; at least 1 satisfactory contact) — none 
or 1 source, 2 sources (i.e., children & relatives, children  
& friends, relatives & friends), or 3 sources.

Statistical analysis
The study population was divided into three groups ac-
cording to the SNI (low, moderate, high). All analyses were 
performed separately in men and women. Quantitative and 
qualitative variables were presented as median (IQR — inter-
quartile range) and number (percentage), respectively. The 
Kruskal-Wallis or Mann-Whitney tests were used for com-
parison of continuous traits and the χ2 test for categorical 
attributes. The prevalence of SNI components was adjusted 
for age and presented as means with a 95% confidence 
interval (95% CI). Logistic regression models were applied 
first to investigate the associations between the level of SNI 
or its components and risk factors, and, second, between 
them and CVDs, IHD, and arrhythmia. The multivariable 
models were adjusted for socio-demographic and CVD risk 
factors and comorbidity. The results of logistic regression 
were presented as odds ratios (OR) with 95% CI. Statistical 
analyses were performed with SAS version 9.4 (SAS, Cary, NC, 
US). A P-value <0.05 was considered statistically significant.

RESULTS
The characteristics of the study participants by sex and SS 
level are shown in Table 1. In general, men were younger 
than women (median [IQR] age, 49.0 [35.0–61.0] years 
vs. 51.0 [37.0–62.0] years; P = 0.005). Both men and women 
differed significantly in all analyzed parameters except 
for the prevalence of obesity and CVDs. Furthermore, 
compared to women, men were more often smokers 
and were more frequently diagnosed with hypertension, 
diabetes, and IHD. On the other hand, women were better 
educated, less likely to be single, more likely to be widows, 

and they were more often diagnosed with arrhythmia and 
low SS. Both men and women differed in age between SNI 
groups. Median age decreased with higher SNI. Additional-
ly, significant disparities were observed in the prevalence 
of the analyzed risk factors/comorbidities between SNI 
groups, with the highest prevalence in people with a low 
SNI (Table 1). 

Taking into account the relationship between the 
prevalence of CVDs, IHD, and arrhythmia and the quality of 
social contacts with children, relatives, or friends, we found 
that, regardless of participants’ age, none of these three 
types of social relationships, no matter how satisfactory 
they were, was associated with CVDs in men. However, 
women who reported satisfactory contacts with at least 
one child or one relative had a significantly lower preva-
lence of CVDs, IHD, or arrhythmia (Table 2). Furthermore, 
the prevalence of CVDs, IHD, and arrhythmia in women 
decreased significantly with more sources of satisfactory 
social contact, while active participation in organized so-
cial activities was associated with a higher prevalence of 
arrhythmia in both men and women (Table 2). 

The frequency of satisfactory contacts with children, 
relatives, or friends increased with a higher SS both in men  
and women. In general, slightly more women than  
men reported satisfactory social contacts, except for the 
high SNI group, where there were no differences between 
men and women. Additionally, women reported more 
often support from three sources of social contacts, regard-
less of the level of the SNI. Men and women did not differ in 
their active participation in organized social activities. More 
than 70.0% of men and women with a high SNI actively 
participated in organized social activities, compared to 
none in the low SNI group (Table 3).

Although raw data on study population characteristics 
showed that there were significant differences in the preva-
lence of CVD risk factors (smoking, hypertension, diabetes 
mellitus [DM], and obesity) between the SNI groups, with 
the highest frequency in the lowest SNI group, in regression 
models adjusted for age and education, a significant asso-
ciation was found only between smoking and a low SNI in 
men and between hypertension and a low SNI in women 
(Table 4, Model 1). In the SNI component-based model 
(marital status, number of sources of satisfactory social ties, 
and active participation in organized social activity) adjusted 
for age and education, we found more associations between 
SNI components and risk factors. Married status was asso-
ciated with less smoking in both sexes and more prevalent 
obesity in men. In turn, having two sources of satisfactory 
social contacts (compared to none or just one source) was 
associated with lower chance of hypertension in men, 
while active participation in organized social activities was 
associated with lower chance of DM in men and lower odds 
of hypertension and smoking in women (Table 4, Model 2).

 In the univariate regression analysis (Table 5, Model 1),  
it was found that a low or moderate SNI (compared to 
a high SNI level) was associated with much higher odds of 
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questionnaire, composed of 31 questions on marital status, 
contacts with children, friends, and relatives, and active 
participation in organized social activities, was used to 
assess SS in the examined population. The respondents’ 
answers received codes or points, and suitable code tables 
were used to calculate the social network index (SNI) to 
identify low, medium, high, and very high SS in the exam-
ined persons. For our analysis, the last two subgroups were 
combined into one “high” SS group. The method applied 
in the study was in agreement with the WHO MONICA 
Psychosocial Optional Study (MOPSY)  guidelines [11]. 
Additionally, we analyzed different components of the 
SNI, e.g., contacts with at least 1 child, at least 1 relative, 
or at least 1 friend, together with their quality (combined 
none or unsatisfactory contact vs. satisfactory contact, 
according to subjective assessment) and also partici-
pation in at least 1 organization: social, political, sports, 
charity organizations and unions (combined no or passive 
vs. very or moderately active participation). Furthermore, 
we assigned participants to 3 groups, according to the 
number of sources of satisfactory social contacts (children, 
relatives, friends; at least 1 satisfactory contact) — none 
or 1 source, 2 sources (i.e., children & relatives, children  
& friends, relatives & friends), or 3 sources.

Statistical analysis
The study population was divided into three groups ac-
cording to the SNI (low, moderate, high). All analyses were 
performed separately in men and women. Quantitative and 
qualitative variables were presented as median (IQR — inter-
quartile range) and number (percentage), respectively. The 
Kruskal-Wallis or Mann-Whitney tests were used for com-
parison of continuous traits and the χ2 test for categorical 
attributes. The prevalence of SNI components was adjusted 
for age and presented as means with a 95% confidence 
interval (95% CI). Logistic regression models were applied 
first to investigate the associations between the level of SNI 
or its components and risk factors, and, second, between 
them and CVDs, IHD, and arrhythmia. The multivariable 
models were adjusted for socio-demographic and CVD risk 
factors and comorbidity. The results of logistic regression 
were presented as odds ratios (OR) with 95% CI. Statistical 
analyses were performed with SAS version 9.4 (SAS, Cary, NC, 
US). A P-value <0.05 was considered statistically significant.

RESULTS
The characteristics of the study participants by sex and SS 
level are shown in Table 1. In general, men were younger 
than women (median [IQR] age, 49.0 [35.0–61.0] years 
vs. 51.0 [37.0–62.0] years; P = 0.005). Both men and women 
differed significantly in all analyzed parameters except 
for the prevalence of obesity and CVDs. Furthermore, 
compared to women, men were more often smokers 
and were more frequently diagnosed with hypertension, 
diabetes, and IHD. On the other hand, women were better 
educated, less likely to be single, more likely to be widows, 

and they were more often diagnosed with arrhythmia and 
low SS. Both men and women differed in age between SNI 
groups. Median age decreased with higher SNI. Additional-
ly, significant disparities were observed in the prevalence 
of the analyzed risk factors/comorbidities between SNI 
groups, with the highest prevalence in people with a low 
SNI (Table 1). 

Taking into account the relationship between the 
prevalence of CVDs, IHD, and arrhythmia and the quality of 
social contacts with children, relatives, or friends, we found 
that, regardless of participants’ age, none of these three 
types of social relationships, no matter how satisfactory 
they were, was associated with CVDs in men. However, 
women who reported satisfactory contacts with at least 
one child or one relative had a significantly lower preva-
lence of CVDs, IHD, or arrhythmia (Table 2). Furthermore, 
the prevalence of CVDs, IHD, and arrhythmia in women 
decreased significantly with more sources of satisfactory 
social contact, while active participation in organized so-
cial activities was associated with a higher prevalence of 
arrhythmia in both men and women (Table 2). 

The frequency of satisfactory contacts with children, 
relatives, or friends increased with a higher SS both in men  
and women. In general, slightly more women than  
men reported satisfactory social contacts, except for the 
high SNI group, where there were no differences between 
men and women. Additionally, women reported more 
often support from three sources of social contacts, regard-
less of the level of the SNI. Men and women did not differ in 
their active participation in organized social activities. More 
than 70.0% of men and women with a high SNI actively 
participated in organized social activities, compared to 
none in the low SNI group (Table 3).

Although raw data on study population characteristics 
showed that there were significant differences in the preva-
lence of CVD risk factors (smoking, hypertension, diabetes 
mellitus [DM], and obesity) between the SNI groups, with 
the highest frequency in the lowest SNI group, in regression 
models adjusted for age and education, a significant asso-
ciation was found only between smoking and a low SNI in 
men and between hypertension and a low SNI in women 
(Table 4, Model 1). In the SNI component-based model 
(marital status, number of sources of satisfactory social ties, 
and active participation in organized social activity) adjusted 
for age and education, we found more associations between 
SNI components and risk factors. Married status was asso-
ciated with less smoking in both sexes and more prevalent 
obesity in men. In turn, having two sources of satisfactory 
social contacts (compared to none or just one source) was 
associated with lower chance of hypertension in men, 
while active participation in organized social activities was 
associated with lower chance of DM in men and lower odds 
of hypertension and smoking in women (Table 4, Model 2).

 In the univariate regression analysis (Table 5, Model 1),  
it was found that a low or moderate SNI (compared to 
a high SNI level) was associated with much higher odds of 
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Table 1. Participants characteristics. The WOBASZ II Study (n = 6043)

Men Women P M vs. W

Total Social network index P-va-
lue

Total Social network index P-va-
lue

Low Mode-
rate

High Low Mode-
rate

High

N (%) 2710 
(44.9)

1229 
(45.4)

944  
(34.8)

537  
(19.8)

– 3333 
(55.1)

1738 
(52.1)

1136 
(34.1)

459 (13.8) – –

Age, years, median (IQR) 49 
(35–61)

55 
(42–65)

48 
(36–59)

34 
(25–48)

<0.001 51 
(37–62)

55 
(41–65)

47 
(35–58)

39 
(26–53)

<0.001 0.005

Education

Primary, n (%) 388 (14.3) 263 (21.4) 95 (10.1) 30 (5.6) <0.001 605 (18.2) 453 (26.1) 137 (12.1) 15 (3.3) <0.001 <0.001

Vocational, n (%) 842 (31.1) 433 (35.2) 301 (31.9) 108 (20.1) 607 (18.2) 377 (21.7) 190 (16.8) 40 (8.7)

Secondary, n (%) 962  
(35.5)

376  
(30.6)

349  
(37.1)

237  
(44.1)

1251 
(37.6)

637  
(36.7)

437  
(38.5)

177  
(38.6)

High, n (%) 516 (19.1) 157 (12.8) 197 (20.9) 162 (30.2) 865 (26.0) 268 (15.5) 370 (32.6) 227 (49.4)

Marital status

Married/cohabited, n (%) 1892 
(69.8)

978  
(79.6)

686  
(72.7)

228  
(42.5)

<0.001 2152 
(64.6)

1186 
(68.2)

776  
(68.3)

190  
(41.4)

<0.001 <0.001

Single, n (%) 591 (21.8) 117 (9.5) 184 (19.5) 290 (54.0) 446 (13.4) 67 (3.9) 154 (13.6) 225 (49.0)

Divorced/separated, n (%) 126 (4.7) 72 (5.9) 42 (4.4) 12 (2.2) 225 (6.7) 119 (6.8) 88 (7.7) 18 (3.9)

Widowed, n (%) 101 (3.7) 62 (5.0) 32 (3.4) 7 (1.3) 510 (15.3) 366 (21.1) 118 (10.4) 26 (5.7)

Risk factors & comorbidities

Smoking status

Current smoker, n (%) 784 (29.0) 379 (30.9) 255 (27.1) 150 (28.1) <0.001 642 (19.3) 355 (20.4) 211 (18.6) 76 (16.6) 0.08 <0.001

Former smoker, n (%) 914 (33.8) 463 (37.7) 312 (33.2) 139 (26.0) 623 (18.7) 334 (19.2) 216 (19.0) 73 (15.9)

Non-smoker, n (%) 1004 
(37.2)

385  
(31.4)

374  
(39.7)

245  
(45.9)

2066 
(62.0)

1049 
(60.4)

708  
(62.4)

309  
(67.5)

Comorbidity

Hypertension, n (%) 1318 
(49.3)

676  
(55.6)

458  
(49.4)

184  
(34.7)

<0.001 1361 
(41.3)

868  
(50.4)

387  
(34.6)

106  
(23.3)

<0.001 <0.001

Diabetes, n (%) 299 (11.4) 182 (15.2) 85 (9.4) 32 (6.2) <0.001 291 (9.1) 206 (12.3) 71 (6.5) 14 (3.1) <0.001 0.003

Obesity, n (%) 658 (25.5) 313 (26.9) 241 (26.7) 104 (20.1) 0.008 848 (26.9) 497 (30.3) 276 (26.0) 75 (16.9) <0.001 0.20

Cardiovascular health status

Cardiovascular disease, 
n (%)

519 (19.4) 291 (24.1) 168 (18.1) 60 (11.3) <0.001 677 (20.7) 398 (23.4) 214 (19.2) 65 (14.4) <0.001 0.21

Ischemic heart disease, 
n (%)

299 (11.1) 168 (13.8) 101 (10.8) 30 (5.6) <0.001 277 (8.4) 182 (10.6) 73 (6.5) 22 (4.8) <0.001 <0.001

Arrhythmia, n (%) 239 (9.0) 130 (10.8) 77 (8.3) 32 (6.0) 0.004 393 (12.1) 211 (12.5) 144 (12.9) 38 (8.4) 0.035 <0.001

Atrial fibrillation, n (%) 116 (4.3) 61 (5.0) 40 (4.3) 15 (2.8) 0.11 160 (4.9) 101 (5.9) 48 (4.3) 11 (2.4) 0.005 0.34

Other heart rhythm 
disturbances, n (%)

185 (6.9) 101 (8.4) 57 (6.1) 27 (5.1) 0.022 294 (9.0) 148 (8.7) 116 (10.3) 30 (6.6) 0.053 0.004

P-value — for comparisons between social network index levels; PMvsW — for comparisons between sexes; obesity — body mass index ≥30 kg/m2

Abbreviation: IQR, interquartile range 

CVDs, IHD, or arrhythmia in both sexes (with a higher OR 
in men), but in the fully adjusted model (Table 5, Model 2) 
no significant associations were observed between the SNI 
and CVDs, IHD, or arrhythmia. 

Active participation in organized social activities in the 
univariate analysis (Table 6, Model 1A) was significantly 
associated with CVDs and IHD in men and only with IHD in 
women but was not observed in the fully adjusted model. 
The number of sources of satisfactory social contact did 
not matter in men in the context of the analyzed diseases, 
but, in women, having at least two sources of satisfactory 
social contact was associated with 40%–50% lower chance 
of CVDs and arrhythmia, compared to those with none or 
one source of social bonds (Table 6, Model 1B). In the fully 
adjusted model (Table 6, Model 2), active participation 
in organized social activities was associated with higher 
chance of arrhythmia in both sexes and CVDs in women. 

We included the results of further in-depth analyses 
regarding arrhythmia in Supplementary material (Tables 
S1 and S2). No significant association was found between 
the number of sources of satisfactory social contact in 
men, but in women having more than two sources of 
satisfactory social contact was related to lower chance of 
CVDs and arrhythmia, compared to having none or just 
one source. Marital status was not related to any of the 
analyzed diseases.

Based on our analysis, it is worth noting that risk fac-
tors/comorbidities turned out to be more strongly related 
to cardiovascular health status than social ties.

DISCUSSION
Cardiovascular diseases are the leading cause of mortality 
in people under 65 years of age and are a primary health, 
social, and economic problem in Poland. The number of CVD 
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Non-smoker, n (%) 1004 
(37.2)

385  
(31.4)

374  
(39.7)

245  
(45.9)

2066 
(62.0)

1049 
(60.4)

708  
(62.4)

309  
(67.5)

Comorbidity

Hypertension, n (%) 1318 
(49.3)

676  
(55.6)

458  
(49.4)

184  
(34.7)

<0.001 1361 
(41.3)

868  
(50.4)

387  
(34.6)

106  
(23.3)

<0.001 <0.001

Diabetes, n (%) 299 (11.4) 182 (15.2) 85 (9.4) 32 (6.2) <0.001 291 (9.1) 206 (12.3) 71 (6.5) 14 (3.1) <0.001 0.003

Obesity, n (%) 658 (25.5) 313 (26.9) 241 (26.7) 104 (20.1) 0.008 848 (26.9) 497 (30.3) 276 (26.0) 75 (16.9) <0.001 0.20

Cardiovascular health status

Cardiovascular disease, 
n (%)

519 (19.4) 291 (24.1) 168 (18.1) 60 (11.3) <0.001 677 (20.7) 398 (23.4) 214 (19.2) 65 (14.4) <0.001 0.21

Ischemic heart disease, 
n (%)

299 (11.1) 168 (13.8) 101 (10.8) 30 (5.6) <0.001 277 (8.4) 182 (10.6) 73 (6.5) 22 (4.8) <0.001 <0.001

Arrhythmia, n (%) 239 (9.0) 130 (10.8) 77 (8.3) 32 (6.0) 0.004 393 (12.1) 211 (12.5) 144 (12.9) 38 (8.4) 0.035 <0.001

Atrial fibrillation, n (%) 116 (4.3) 61 (5.0) 40 (4.3) 15 (2.8) 0.11 160 (4.9) 101 (5.9) 48 (4.3) 11 (2.4) 0.005 0.34

Other heart rhythm 
disturbances, n (%)

185 (6.9) 101 (8.4) 57 (6.1) 27 (5.1) 0.022 294 (9.0) 148 (8.7) 116 (10.3) 30 (6.6) 0.053 0.004

P-value — for comparisons between social network index levels; PMvsW — for comparisons between sexes; obesity — body mass index ≥30 kg/m2

Abbreviation: IQR, interquartile range 

CVDs, IHD, or arrhythmia in both sexes (with a higher OR 
in men), but in the fully adjusted model (Table 5, Model 2) 
no significant associations were observed between the SNI 
and CVDs, IHD, or arrhythmia. 

Active participation in organized social activities in the 
univariate analysis (Table 6, Model 1A) was significantly 
associated with CVDs and IHD in men and only with IHD in 
women but was not observed in the fully adjusted model. 
The number of sources of satisfactory social contact did 
not matter in men in the context of the analyzed diseases, 
but, in women, having at least two sources of satisfactory 
social contact was associated with 40%–50% lower chance 
of CVDs and arrhythmia, compared to those with none or 
one source of social bonds (Table 6, Model 1B). In the fully 
adjusted model (Table 6, Model 2), active participation 
in organized social activities was associated with higher 
chance of arrhythmia in both sexes and CVDs in women. 

We included the results of further in-depth analyses 
regarding arrhythmia in Supplementary material (Tables 
S1 and S2). No significant association was found between 
the number of sources of satisfactory social contact in 
men, but in women having more than two sources of 
satisfactory social contact was related to lower chance of 
CVDs and arrhythmia, compared to having none or just 
one source. Marital status was not related to any of the 
analyzed diseases.

Based on our analysis, it is worth noting that risk fac-
tors/comorbidities turned out to be more strongly related 
to cardiovascular health status than social ties.

DISCUSSION
Cardiovascular diseases are the leading cause of mortality 
in people under 65 years of age and are a primary health, 
social, and economic problem in Poland. The number of CVD 
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Table 2. Relationship between prevalence of CVD, IHD, and arrhythmia and satisfaction with different components of the social network  
by sex (data adjusted for age). The WOBASZ II Study (n = 6043)

Organized social 
activity

Men P-value Women P-value

Active participationa Active participationa

No Yes No Yes

N (%) 2012 (74.4) 693 (25.6) – 2625 (78.9) 702 (21.1) –

CVD, % (95% CI) 19.1 (17.5–20.7) 20.4 (17.6-23.1) 0.43 20.2 (18.8-21.7) 22.6 (19.7-25.4) 0.15

IHD, % (95% CI) 10.9 (9.6–12.2) 11.7 (9.4–13.9) 0.56 8.6 (7.6–9.6) 7.6 (5.6–9.5) 0.35

Arrhythmia, %  
(95% CI)

8.3 (7.1–9.5) 10.8 (8.7–12.9) 0.047 11.3 (10.1–12.6) 14.6 (12.2–17.0) 0.017

Social contact with 
child/childrenb

Social contact P-value Social contact P-value

None or unsatisfactory Satisfactory None or unsatisfactory Satisfactory

N (%) 71 (3.6) 1908 (96.4) – 43 (1.5) 2732 (98.5) –

CVD, % (95% CI) 23.6 (14.5–32.7) 22.7 (20.9–24.4) 0.84 36.4 (24.5–48.3) 22.5 (21.0–24.0) 0.023

IHD, % (95% CI) 14.3 (6.9–21.8) 13.2 (11.7–14.6) 0.77 18.7 (10.4–27.0) 9.2 (8.2–10.3) 0.027

Arrhythmia, %  
(95% CI)

16.8 (9.8–23.8) 10.2 (8.8–11.5) 0.07 21.0 (11.0–31.0) 12.8 (11.5–14.0) 0.11

Social contacts with 
at least 1 relative

None or unsatisfactory Satisfactory P-value None or unsatisfactory Satisfactory P-value

N (%) 217 (8.1) 2480 (91.9) – 198 (6.0) 3123 (94.0) –

CVD, % (95% CI) 19.6 (14.7–24.5) 19.4 (18.0–20.9) 0.94 27.1 (21.7–32.4) 20.4 (19.1–21.7) 0.018

IHD, % (95% CI) 11.7 (7.8–15.7) 11.1 (9.9–12.2) 0.76 8.3 (4.6–12.0) 8.5 (7.5–9.4) 0.95

Arrhythmia, %  
(95% CI)

9.7 (6.0–13.4) 8.8 (7.7–9.9) 0.67 19.4 (14.9–23.9) 11.6 (10.5–12.8) 0.001

Social contacts with 
at least 1 friend

None or unsatisfactory Satisfactory P-value None or unsatisfactory Satisfactory P-value

N (%) 383 (14.2) 2314 (85.8) – 440 (13.2) 2885 (86.8) –

CVD, % (95% CI) 18.5 (14.8–22.2) 19.7 (18.2–21.2) 0.55 21.7 (18.1–25.3) 20.6 (19.2–22.0) 0.56

IHD, % (95% CI) 10.8 (7.8–13.8) 11.2 (10.0–12.4) 0.82 9.3 (6.9–11.8) 8.3 (7.3–9.2) 0.43

Arrhythmia, %  
(95% CI)

8.7 (5.9–11.6) 9.0 (7.9–10.2) 0.86 12.0 (8.9–15.0) 12.1 (10.9–13.2) 0.95

Number of sources of social contacts P-value Number of sources of social contacts P-value

0 or 1 2 3 0 or 1 2 3

N (%) 190 (7.2) 912 (34.6) 1531 (58.2) – 126 (3.9) 877 (27.0) 2241 (69.1) –

CVD, % (95% CI) 18.1 (12.9–23.3) 21.6 (19.2–24.0) 18.3 (16.4–20.1) 0.09 31.2 (24.5–37.8) 21.7 (19.1–24.2) 19.7 (18.1–21.3) 0.003

IHD, % (95% CI) 11.3 (7.0–15.5) 12.7 (10.7–14.7) 10.2 (8.7–11.7) 0.16 11.6 (6.9–16.2) 10.5 (8.8–12.3) 7.4 (6.3–8.5) 0.005

Arrhythmia, %  
(95% CI)

9.5 (5.6–13.5) 9.6 (7.8–11.5) 8.3 (6.9–9.7) 0.51 20.1 (14.4–25.7) 12.4 (10.3–14.5) 11.3 (10.0–12.7) 0.011

aActive participation in at least 1 organization; bOnly for people who declared having a child/children

Abbreviations: CVD, cardiovascular disease; CI, confidence interval; IHD, ischemic heart disease

Table 3. Distribution of satisfaction with social contacts, number of sources of social contacts, and organized social activity by the social 
network index and sex. The WOBASZ II Study (n = 6043)

Social Network Index

Low Moderate High

Men Women P-value Men Women P-value Men Women P-value

N (%) 1229 (45.4) 1738 (52.1) <0.001 944 (34.8) 1136 (34.1) 0.54 537 (19.8) 459 (13.8) <0.001

Marital status

Married 978 (79.6) 1186 (68.2) <0.001 686 (72.7) 776 (68.3) 0.030 228 (42.5) 190 (41.4) 0.73

Satisfaction with contacts with at least

1 friend, n (%) 911 (74.6) 1351 (78.0) 0.030 878 (93.5) 1079 (95.1) 0.12 525 (97.8) 455 (99.1) 0.09

1 relative, n (%) 1072 (87.9) 1584 (91.7) <0.001 882 (93.7) 1090 (96.0) 0.017 526 (98.1) 449 (98.0) 0.91

1 child, n (%) 984 (95.5) 1551 (98.1) <0.001 690 (97.7) 944 (98.9) 0.048 234 (96.3) 237 (98.7) 0.08

Number of sources of social contacts

0–1, n (%) 132 (11.1) 88 (5.3) <0.001 44 (4.8) 29 (2.6) 0.009 14 (2.7) 9 (2.0) 0.50

2, n (%) 369 (31.2) 452 (27.0) 0.015 262 (28.3) 219 (19.5) <0.001 281 (53.7) 206 (46.0) 0.016

3, n (%) 683 (57.7) 1134 (67.7) <0.001 620 (66.9) 874 (77.9) <0.001 228 (43.6) 233 (52.0) 0.009

Organized social activities

Active participationa, n (%) 0 (0.0) 0 (0.0) - 317 (33.6) 369 (32.5) 0.62 376 (70.2) 333 (72.6) 0.40

aActive participation in at least 1 organization
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Table 2. Relationship between prevalence of CVD, IHD, and arrhythmia and satisfaction with different components of the social network  
by sex (data adjusted for age). The WOBASZ II Study (n = 6043)

Organized social 
activity

Men P-value Women P-value

Active participationa Active participationa

No Yes No Yes

N (%) 2012 (74.4) 693 (25.6) – 2625 (78.9) 702 (21.1) –

CVD, % (95% CI) 19.1 (17.5–20.7) 20.4 (17.6-23.1) 0.43 20.2 (18.8-21.7) 22.6 (19.7-25.4) 0.15

IHD, % (95% CI) 10.9 (9.6–12.2) 11.7 (9.4–13.9) 0.56 8.6 (7.6–9.6) 7.6 (5.6–9.5) 0.35

Arrhythmia, %  
(95% CI)

8.3 (7.1–9.5) 10.8 (8.7–12.9) 0.047 11.3 (10.1–12.6) 14.6 (12.2–17.0) 0.017

Social contact with 
child/childrenb

Social contact P-value Social contact P-value

None or unsatisfactory Satisfactory None or unsatisfactory Satisfactory

N (%) 71 (3.6) 1908 (96.4) – 43 (1.5) 2732 (98.5) –

CVD, % (95% CI) 23.6 (14.5–32.7) 22.7 (20.9–24.4) 0.84 36.4 (24.5–48.3) 22.5 (21.0–24.0) 0.023

IHD, % (95% CI) 14.3 (6.9–21.8) 13.2 (11.7–14.6) 0.77 18.7 (10.4–27.0) 9.2 (8.2–10.3) 0.027

Arrhythmia, %  
(95% CI)

16.8 (9.8–23.8) 10.2 (8.8–11.5) 0.07 21.0 (11.0–31.0) 12.8 (11.5–14.0) 0.11

Social contacts with 
at least 1 relative

None or unsatisfactory Satisfactory P-value None or unsatisfactory Satisfactory P-value

N (%) 217 (8.1) 2480 (91.9) – 198 (6.0) 3123 (94.0) –

CVD, % (95% CI) 19.6 (14.7–24.5) 19.4 (18.0–20.9) 0.94 27.1 (21.7–32.4) 20.4 (19.1–21.7) 0.018

IHD, % (95% CI) 11.7 (7.8–15.7) 11.1 (9.9–12.2) 0.76 8.3 (4.6–12.0) 8.5 (7.5–9.4) 0.95

Arrhythmia, %  
(95% CI)

9.7 (6.0–13.4) 8.8 (7.7–9.9) 0.67 19.4 (14.9–23.9) 11.6 (10.5–12.8) 0.001

Social contacts with 
at least 1 friend

None or unsatisfactory Satisfactory P-value None or unsatisfactory Satisfactory P-value

N (%) 383 (14.2) 2314 (85.8) – 440 (13.2) 2885 (86.8) –

CVD, % (95% CI) 18.5 (14.8–22.2) 19.7 (18.2–21.2) 0.55 21.7 (18.1–25.3) 20.6 (19.2–22.0) 0.56

IHD, % (95% CI) 10.8 (7.8–13.8) 11.2 (10.0–12.4) 0.82 9.3 (6.9–11.8) 8.3 (7.3–9.2) 0.43

Arrhythmia, %  
(95% CI)

8.7 (5.9–11.6) 9.0 (7.9–10.2) 0.86 12.0 (8.9–15.0) 12.1 (10.9–13.2) 0.95

Number of sources of social contacts P-value Number of sources of social contacts P-value

0 or 1 2 3 0 or 1 2 3

N (%) 190 (7.2) 912 (34.6) 1531 (58.2) – 126 (3.9) 877 (27.0) 2241 (69.1) –

CVD, % (95% CI) 18.1 (12.9–23.3) 21.6 (19.2–24.0) 18.3 (16.4–20.1) 0.09 31.2 (24.5–37.8) 21.7 (19.1–24.2) 19.7 (18.1–21.3) 0.003

IHD, % (95% CI) 11.3 (7.0–15.5) 12.7 (10.7–14.7) 10.2 (8.7–11.7) 0.16 11.6 (6.9–16.2) 10.5 (8.8–12.3) 7.4 (6.3–8.5) 0.005
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(95% CI)

9.5 (5.6–13.5) 9.6 (7.8–11.5) 8.3 (6.9–9.7) 0.51 20.1 (14.4–25.7) 12.4 (10.3–14.5) 11.3 (10.0–12.7) 0.011

aActive participation in at least 1 organization; bOnly for people who declared having a child/children

Abbreviations: CVD, cardiovascular disease; CI, confidence interval; IHD, ischemic heart disease

Table 3. Distribution of satisfaction with social contacts, number of sources of social contacts, and organized social activity by the social 
network index and sex. The WOBASZ II Study (n = 6043)

Social Network Index

Low Moderate High

Men Women P-value Men Women P-value Men Women P-value

N (%) 1229 (45.4) 1738 (52.1) <0.001 944 (34.8) 1136 (34.1) 0.54 537 (19.8) 459 (13.8) <0.001

Marital status

Married 978 (79.6) 1186 (68.2) <0.001 686 (72.7) 776 (68.3) 0.030 228 (42.5) 190 (41.4) 0.73

Satisfaction with contacts with at least

1 friend, n (%) 911 (74.6) 1351 (78.0) 0.030 878 (93.5) 1079 (95.1) 0.12 525 (97.8) 455 (99.1) 0.09

1 relative, n (%) 1072 (87.9) 1584 (91.7) <0.001 882 (93.7) 1090 (96.0) 0.017 526 (98.1) 449 (98.0) 0.91

1 child, n (%) 984 (95.5) 1551 (98.1) <0.001 690 (97.7) 944 (98.9) 0.048 234 (96.3) 237 (98.7) 0.08

Number of sources of social contacts

0–1, n (%) 132 (11.1) 88 (5.3) <0.001 44 (4.8) 29 (2.6) 0.009 14 (2.7) 9 (2.0) 0.50

2, n (%) 369 (31.2) 452 (27.0) 0.015 262 (28.3) 219 (19.5) <0.001 281 (53.7) 206 (46.0) 0.016

3, n (%) 683 (57.7) 1134 (67.7) <0.001 620 (66.9) 874 (77.9) <0.001 228 (43.6) 233 (52.0) 0.009

Organized social activities

Active participationa, n (%) 0 (0.0) 0 (0.0) - 317 (33.6) 369 (32.5) 0.62 376 (70.2) 333 (72.6) 0.40

aActive participation in at least 1 organization
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Table 4. Impact of the social network index level, sources of social contacts, and organized social activities on selected CVD risk factors  
in men and women. The WOBASZ II Study (n = 6043)

Sex Model Predictor Cardiovascular risk factor

Smoking Hypertension Diabetes Obesity

OR (95% CI); P-value OR (95% CI); P-value OR (95% CI); P-value OR (95% CI); P-value

Men Model 1 Age 0.97 (0.97–0.98); <0.001 1.06 (1.06–1.07); <0.001 1.06 (1.05–1.07); <0.001 1.02 (1.02–1.03); <0.001

Education

Primary 4.35 (3.07–6.16); <0.001 0.95 (0.68–1.31); 0.75 1.70 (0.998–2.90); 0.051 0.91 (0.64–1.31); 0.62

Vocational 3.84 (2.88–5.13); <0.001 1.25 (0.97–1.61); 0.09 1.43 (0.88–2.34); 0.15 1.29 (0.97–1.71); 0.08

Secondary 2.33 (1.76–3.08); <0.001 1.14 (0.89–1.46); 0.29 1.66 (1.02–2.71); 0.040 1.41 (1.07–1.85); 0.014

SNI level

Low 1.35 (1.05–1.74); 0.020 0.97 (0.76–1.25); 0.83 1.05 (0.68–1.61); 0.83 1.05 (0.80–1.38); 0.72

Moderate 1.07 (0.83–1.38); 0.60 1.09 (0.85–1.39); 0.51 0.90 (0.58–1.40); 0.64 1.17 (0.89–1.53); 0.26

Model 2 Age 0.98 (0.97–0.99); <0.001 1.06 (1.05–1.07); <0.001 1.06 (1.05–1.07); <0.001 1.02 (1.01–1.02); <0.001

Education

Primary 3.93 (2.74–5.64); <0.001 1.03 (0.73–1.44); 0.88 1.57 (0.89–2.75); 0.12 1.16 (0.80–1.70); 0.44

Vocational 3.92 (2.91–5.28); <0.001 1.36 (1.04–1.77); 0.023 1.33 (0.80–2.23); 0.28 1.42 (1.05–1.91); 0.023

Secondary 2.28 (1.71–3.03); <0.001 1.23 (0.96–1.58); 0.11 1.66 (0.999–2.76); 0.050 1.56 (1.17–2.07); 0.002

Marital status

Married 0.78 (0.63–0.97); 0.028 0.87 (0.70–1.09); 0.23 0.91 (0.66–1.26); 0.57 2.15 (1.66–2.78); <0.001

Number of sources of social contacts

3 0.79 (0.55–1.11); 0.17 0.82 (0.57–1.17); 0.27 0.96 (0.59–1.56); 0.86 1.38 (0.90–2.10); 0.14

2 0.89 (0.63–1.26); 0.51 0.62 (0.43–0.89); 0.010 0.81 (0.49–1.36); 0.42 1.26 (0.81–1.95); 0.30

Organized social activity

Active participationa 0.87 (0.70–1.07); 0.19 1.21 (0.98–1.48); 0.07 0.65 (0.45–0.94); 0.022 1.16 (0.93–1.44); 0.19

Women Model 1 Age 0.98 (0.98–0.99); <0.001 1.09 (1.08–1.10); <0.001 1.07 (1.05–1.08); <0.001 1.04 (1.03–1.04); <0.001

Education

Primary 2.09 (1.48–2.95); <0.001 1.43 (1.05–1.95); 0.023 2.25 (1.29–3.92); 0.004 1.88 (1.38–2.56); <0.001

Vocational 2.85 (2.13–3.80); <0.001 1.84 (1.41–2.41); <0.001 2.22 (1.29–3.82); 0.004 1.81 (1.37–2.39); <0.001

Secondary 2.34 (1.82–3.01); <0.001 1.23 (0.97–1.56); 0.08 1.51 (0.90–2.53); 0.12 1.46 (1.14–1.87); 0.003

SNI level

Low 1.26 (0.94–1.69); 0.12 1.37 (1.03–1.82); 0.033 1.58 (0.88–2.84); 0.12 1.13 (0.84–1.51); 0.43

Moderate 1.12 (0.83–1.50); 0.46 1.14 (0.84–1.53); 0.40 1.35 (0.74–2.48); 0.33 1.28 (0.95–1.72); 0.10

Model 2 Age 0.98 (0.98–0.99); <0.001 1.09 (1.08–1.10); <0.001 1.06 (1.05–1.08); <0.001 1.04 (1.03–1.04); <0.001

Education

Primary 1.99 (1.40–2.84); <0.001 1.43 (1.05–1.97); 0.025 2.50 (1.39–4.46); 0.002 1.87 (1.37–2.56); <0.001

Vocational 2.81 (2.10–3.76); <0.001 1.86 (1.41–2.44); <0.001 2.59 (1.47–4.55); <0.001 1.75 (1.31–2.32); <0.001

Secondary 2.24 (1.73–2.89); <0.001 1.21 (0.95–1.54); 0.12 1.60 (0.93–2.76); 0.09 1.39 (1.08–1.79); 0.001

Marital status

Married 0.76 (0.63–0.93); 0.007 0.98 (0.81–1.19); 0.87 0.83 (0.63–1.11); 0.21 1.11 (0.93–1.34); 0.26

Number of sources of social contacts

3 1.50 (0.90–2.50); 0.12 0.70 (0.43–1.14); 0.15 0.71 (0.40–1.26); 0.24 1.08 (0.69–1.68); 0.75

2 1.28 (0.75–2.16); 0.36 0.81 (0.49–1.35); 0.42 0.64 (0.35–1.17); 0.15 0.97 (0.61–1.54); 0.89

Organized social activities

Active participationa 0.75 (0.59–0.96); 0.021 0.76 (0.61–0.94); 0.011 0.80 (0.54–1.17); 0.24 0.86 (0.69–1.07); 0.16

Reference: high SNI, high education level, unmarried, 0–1 sources of social contacts, none or passive participation in organized social activities 
aActive participation in at least 1 organization

Abbreviations: OR, odds ratio; SNI, social network index; other — see Table 2

deaths was decreasing in Poland from 1991, but due to the 
COVID-19 pandemic, this positive trend of declining CVD 
mortality was reversed with a 17% excess in CVD deaths in 
2020 [12]. Poland still belongs to countries with high cardio-
vascular risk, with standardized rates of CVD deaths higher 
by about 40% compared to the European average [13]. 

Psychosocial risk factors such as low SS, social isolation, 
stress, and depression were shown to play an important 
role in CVD pathogenesis and the risk of cardiovascular 
death. In the Framingham Heart Study, a low SNI score was 
associated with 62% higher all-cause mortality compared 
to the highest SNI group [14]. Deficiencies in social rela-

tionships are associated with increased risk of developing 
coronary heart disease and stroke [15]. Undoubtedly, social 
support, its changes and the way of its provision during the 
COVID-19 pandemic played a particularly important role, 
which requires further research.

Researchers in the Australian questionnaire substudy 
(ASPREE Longitudinal Study of Older People — ALSOP), 
conducted in more than 11 000 individuals aged 70 and 
over, suggest that social isolation and low SS should be 
considered in future CVD risk prediction models [16]. Data 
from the Multi-Ethnic Study of Atherosclerosis (MESA), 
which examined CVD risk factors, showed that emotional 
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Table 4. Impact of the social network index level, sources of social contacts, and organized social activities on selected CVD risk factors  
in men and women. The WOBASZ II Study (n = 6043)

Sex Model Predictor Cardiovascular risk factor

Smoking Hypertension Diabetes Obesity

OR (95% CI); P-value OR (95% CI); P-value OR (95% CI); P-value OR (95% CI); P-value

Men Model 1 Age 0.97 (0.97–0.98); <0.001 1.06 (1.06–1.07); <0.001 1.06 (1.05–1.07); <0.001 1.02 (1.02–1.03); <0.001

Education

Primary 4.35 (3.07–6.16); <0.001 0.95 (0.68–1.31); 0.75 1.70 (0.998–2.90); 0.051 0.91 (0.64–1.31); 0.62

Vocational 3.84 (2.88–5.13); <0.001 1.25 (0.97–1.61); 0.09 1.43 (0.88–2.34); 0.15 1.29 (0.97–1.71); 0.08

Secondary 2.33 (1.76–3.08); <0.001 1.14 (0.89–1.46); 0.29 1.66 (1.02–2.71); 0.040 1.41 (1.07–1.85); 0.014

SNI level

Low 1.35 (1.05–1.74); 0.020 0.97 (0.76–1.25); 0.83 1.05 (0.68–1.61); 0.83 1.05 (0.80–1.38); 0.72

Moderate 1.07 (0.83–1.38); 0.60 1.09 (0.85–1.39); 0.51 0.90 (0.58–1.40); 0.64 1.17 (0.89–1.53); 0.26

Model 2 Age 0.98 (0.97–0.99); <0.001 1.06 (1.05–1.07); <0.001 1.06 (1.05–1.07); <0.001 1.02 (1.01–1.02); <0.001

Education

Primary 3.93 (2.74–5.64); <0.001 1.03 (0.73–1.44); 0.88 1.57 (0.89–2.75); 0.12 1.16 (0.80–1.70); 0.44

Vocational 3.92 (2.91–5.28); <0.001 1.36 (1.04–1.77); 0.023 1.33 (0.80–2.23); 0.28 1.42 (1.05–1.91); 0.023

Secondary 2.28 (1.71–3.03); <0.001 1.23 (0.96–1.58); 0.11 1.66 (0.999–2.76); 0.050 1.56 (1.17–2.07); 0.002

Marital status

Married 0.78 (0.63–0.97); 0.028 0.87 (0.70–1.09); 0.23 0.91 (0.66–1.26); 0.57 2.15 (1.66–2.78); <0.001

Number of sources of social contacts

3 0.79 (0.55–1.11); 0.17 0.82 (0.57–1.17); 0.27 0.96 (0.59–1.56); 0.86 1.38 (0.90–2.10); 0.14

2 0.89 (0.63–1.26); 0.51 0.62 (0.43–0.89); 0.010 0.81 (0.49–1.36); 0.42 1.26 (0.81–1.95); 0.30

Organized social activity

Active participationa 0.87 (0.70–1.07); 0.19 1.21 (0.98–1.48); 0.07 0.65 (0.45–0.94); 0.022 1.16 (0.93–1.44); 0.19

Women Model 1 Age 0.98 (0.98–0.99); <0.001 1.09 (1.08–1.10); <0.001 1.07 (1.05–1.08); <0.001 1.04 (1.03–1.04); <0.001

Education

Primary 2.09 (1.48–2.95); <0.001 1.43 (1.05–1.95); 0.023 2.25 (1.29–3.92); 0.004 1.88 (1.38–2.56); <0.001

Vocational 2.85 (2.13–3.80); <0.001 1.84 (1.41–2.41); <0.001 2.22 (1.29–3.82); 0.004 1.81 (1.37–2.39); <0.001

Secondary 2.34 (1.82–3.01); <0.001 1.23 (0.97–1.56); 0.08 1.51 (0.90–2.53); 0.12 1.46 (1.14–1.87); 0.003

SNI level

Low 1.26 (0.94–1.69); 0.12 1.37 (1.03–1.82); 0.033 1.58 (0.88–2.84); 0.12 1.13 (0.84–1.51); 0.43

Moderate 1.12 (0.83–1.50); 0.46 1.14 (0.84–1.53); 0.40 1.35 (0.74–2.48); 0.33 1.28 (0.95–1.72); 0.10

Model 2 Age 0.98 (0.98–0.99); <0.001 1.09 (1.08–1.10); <0.001 1.06 (1.05–1.08); <0.001 1.04 (1.03–1.04); <0.001

Education

Primary 1.99 (1.40–2.84); <0.001 1.43 (1.05–1.97); 0.025 2.50 (1.39–4.46); 0.002 1.87 (1.37–2.56); <0.001

Vocational 2.81 (2.10–3.76); <0.001 1.86 (1.41–2.44); <0.001 2.59 (1.47–4.55); <0.001 1.75 (1.31–2.32); <0.001

Secondary 2.24 (1.73–2.89); <0.001 1.21 (0.95–1.54); 0.12 1.60 (0.93–2.76); 0.09 1.39 (1.08–1.79); 0.001

Marital status

Married 0.76 (0.63–0.93); 0.007 0.98 (0.81–1.19); 0.87 0.83 (0.63–1.11); 0.21 1.11 (0.93–1.34); 0.26

Number of sources of social contacts

3 1.50 (0.90–2.50); 0.12 0.70 (0.43–1.14); 0.15 0.71 (0.40–1.26); 0.24 1.08 (0.69–1.68); 0.75

2 1.28 (0.75–2.16); 0.36 0.81 (0.49–1.35); 0.42 0.64 (0.35–1.17); 0.15 0.97 (0.61–1.54); 0.89

Organized social activities

Active participationa 0.75 (0.59–0.96); 0.021 0.76 (0.61–0.94); 0.011 0.80 (0.54–1.17); 0.24 0.86 (0.69–1.07); 0.16

Reference: high SNI, high education level, unmarried, 0–1 sources of social contacts, none or passive participation in organized social activities 
aActive participation in at least 1 organization

Abbreviations: OR, odds ratio; SNI, social network index; other — see Table 2

deaths was decreasing in Poland from 1991, but due to the 
COVID-19 pandemic, this positive trend of declining CVD 
mortality was reversed with a 17% excess in CVD deaths in 
2020 [12]. Poland still belongs to countries with high cardio-
vascular risk, with standardized rates of CVD deaths higher 
by about 40% compared to the European average [13]. 

Psychosocial risk factors such as low SS, social isolation, 
stress, and depression were shown to play an important 
role in CVD pathogenesis and the risk of cardiovascular 
death. In the Framingham Heart Study, a low SNI score was 
associated with 62% higher all-cause mortality compared 
to the highest SNI group [14]. Deficiencies in social rela-

tionships are associated with increased risk of developing 
coronary heart disease and stroke [15]. Undoubtedly, social 
support, its changes and the way of its provision during the 
COVID-19 pandemic played a particularly important role, 
which requires further research.

Researchers in the Australian questionnaire substudy 
(ASPREE Longitudinal Study of Older People — ALSOP), 
conducted in more than 11 000 individuals aged 70 and 
over, suggest that social isolation and low SS should be 
considered in future CVD risk prediction models [16]. Data 
from the Multi-Ethnic Study of Atherosclerosis (MESA), 
which examined CVD risk factors, showed that emotional 
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Table 5. Impact of SNI level on CVD, IHD, and arrhythmia in men and women (logistic regression analysis). The WOBASZ II Study (n = 6043)

Sex Model Predictor Cardiovascular disease Ischemic heart disease Arrhythmia

OR (95% CI); P-value OR (95% CI); P-value OR (95% CI); P-value

Men Model 1 SNI level

Low 2.49 (1.85–3.36); <0.001 2.68 (1.79–4.01); <0.001 1.89 (1.26–2.82); 0.002

Moderate 1.74 (1.27–2.38); <0.001 2.04 (1.33–3.11); 0.001 1.41 (0.92–2.16); 0.11

Model 2 Age 1.08 (1.07–1.09); <0.001 1.08 (1.06–1.09); <0.001 1.06 (1.04–1.07); <0.001

Education

Primary 0.82 (0.52–1.31); 0.41 1.32 (0.73–2.37); 0.36 1.04 (0.57–1.89); 0.90

Vocational 0.94 (0.63–1.39); 0.74 1.54 (0.90–2.62); 0.11 0.97 (0.57–1.66); 0.91

Secondary 1.19 (0.81–1.76); 0.37 1.47 (0.86–2.49); 0.16 1.48 (0.88–2.46); 0.14

Current smoker 0.67 (0.51–0.89); 0.005 0.65 (0.45–0.92); 0.016 0.59 (0.40–0.88); 0.010

Hypertension 1.69 (1.30–2.20); <0.001 1.60 (1.15–2.22); 0.005 2.08 (1.44–2.98); <0.001

Diabetes 1.81 (1.34–2.45); <0.001 1.73 (1.23–2.42); 0.002 1.61 (1.11–2.34); 0.012

Obesity 1.09 (0.85–1.41); 0.49 1.21 (0.90–1.64); 0.21 0.95 (0.68–1.33); 0.77

SNI level

Low 0.85 (0.58–1.24); 0.38 0.79 (0.49–1.27); 0.32 0.75 (0.46–1.21); 0.23

Moderate 0.97 (0.66–1.42); 0.85 1.02 (0.63–1.66); 0.92 0.90 (0.55–1.45); 0.66

Women Model 1 SNI level

Low 1.82 (1.37–2.43); <0.001 2.34 (1.49–3.69); <0.001 1.55 (1.08–2.23); 0.017

Moderate 1.42 (1.05–1.92); 0.024 1.37 (0.84–2.24); 0.21 1.61 (1.11–2.35); 0.013

Model 2 Age 1.06 (1.05–1.07); <0.001 1.09 (1.07–1.10); <0.001 1.04 (1.03–1.05); <0.001

Education

Primary 1.02 (0.71–1.46); 0.91 2.01 (1.06–3.80); 0.033 0.70 (0.46–1.05); 0.09

Vocational 0.91 (0.64–1.28); 0.58 1.60 (0.83–3.08); 0.16 0.68 (0.45–1.01); 0.06

Secondary 0.95 (0.71–1.28); 0.73 1.57 (0.86–2.88); 0.14 0.78 (0.56–1.09); 0.15

Current smoker 1.07 (0.83–1.38); 0.59 0.86 (0.56–1.34); 0.51 1.07 (0.79–1.45); 0.66

Hypertension 1.31 (1.04–1.64); 0.020 2.15 (1.49–3.09); <0.001 1.27 (0.97–1.67); 0.08

Diabetes 1.21 (0.90–1.62); 0.21 1.17 (0.82–1.68); 0.38 1.23 (0.88–1.72); 0.23

Obesity 1.56 (1.26–1.92); <0.001 1.71 (1.28–2.29); <0.001 1.39 (1.09–1.79); 0.009

SNI level

Low 0.76 (0.54–1.07); 0.11 0.61 (0.35–1.05); 0.07 0.87 (0.58–1.31); 0.51

Moderate 0.93 (0.66–1.31); 0.67 0.70 (0.40–1.24); 0.22 1.22 (0.81–1.82); 0.34

Reference: high SNI, high education level, currently nonsmoker, lack of hypertension, lack of diabetes, body mass index <30 kg/m2

Model 1 — univariate analysis; Model 2 — multivariable analysis

Abbreviations: see Tables 2 and 4

SS played a protective role against severe CVDs (confirmed 
CHD death, confirmed or likely MI, resuscitated cardiac 
arrest, other atherosclerotic CVD death, or fatal or nonfatal 
stroke) [17]. 

As psychosocial risk factors influence health, they are 
worth considering in research studies to examine the scale 
of the problem both in the general population and in the 
population of people with high cardiovascular risk. 

Social support can be obtained from relatives, friends, 
organizations, health care professionals, and even through 
the Internet, and it is a complex form of mutual interactions 
of its components (i.e., marital status, social contact with 
children, relatives or friends, and active participation in 
organizations), so its effect on health depends on the type 
of support and on who gives this support. Personal rela-
tionships and family support can be based on emotional 
support, also support in providing information about 
health promotion, preparing healthy food or accompa-
nying during physical activities, so the role of social rela-
tionships in sustaining good health should be underlined 
[18]. The role of support groups (family and friends) in the 
preventive cardiology programs for high-risk individuals 

was underlined in the EUROACTION project [19]. Therefore, 
our study evaluated associations not only between SS as 
a whole index but also between particular components of 
SNI and CVDs in Polish adults based on the results of the 
population-based cross-sectional survey. In men, except 
for active participation in organized social activities, the 
type of social contact (with children, relatives, or friends) or 
the number of sources of social contact did not play a role 
in maintaining cardiovascular health. In women, satisfac-
tory contact with children and relatives and support from 
more than one source of social contact were associated 
with better cardiovascular health. This is consistent with 
some findings from the Polish HAPIEE cohort, in which the 
associations between psychosocial risk factors and CVD 
incidence were much stronger in women than in men [20]. 
The number of social connections in women is not always 
associated with higher SS because women’s involvement 
in many different social roles may be related to increased 
stress and overwork [21]. However, we did not confirm this 
relationship because more sources of satisfactory interper-
sonal contacts were independently associated with better 
CHS in women.

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a 1243

Aleksandra M Piwońska et al., Social support, type of social ties, and cardiovascular diseases in Polish adults

Table 5. Impact of SNI level on CVD, IHD, and arrhythmia in men and women (logistic regression analysis). The WOBASZ II Study (n = 6043)

Sex Model Predictor Cardiovascular disease Ischemic heart disease Arrhythmia

OR (95% CI); P-value OR (95% CI); P-value OR (95% CI); P-value

Men Model 1 SNI level

Low 2.49 (1.85–3.36); <0.001 2.68 (1.79–4.01); <0.001 1.89 (1.26–2.82); 0.002

Moderate 1.74 (1.27–2.38); <0.001 2.04 (1.33–3.11); 0.001 1.41 (0.92–2.16); 0.11

Model 2 Age 1.08 (1.07–1.09); <0.001 1.08 (1.06–1.09); <0.001 1.06 (1.04–1.07); <0.001

Education

Primary 0.82 (0.52–1.31); 0.41 1.32 (0.73–2.37); 0.36 1.04 (0.57–1.89); 0.90

Vocational 0.94 (0.63–1.39); 0.74 1.54 (0.90–2.62); 0.11 0.97 (0.57–1.66); 0.91

Secondary 1.19 (0.81–1.76); 0.37 1.47 (0.86–2.49); 0.16 1.48 (0.88–2.46); 0.14

Current smoker 0.67 (0.51–0.89); 0.005 0.65 (0.45–0.92); 0.016 0.59 (0.40–0.88); 0.010

Hypertension 1.69 (1.30–2.20); <0.001 1.60 (1.15–2.22); 0.005 2.08 (1.44–2.98); <0.001

Diabetes 1.81 (1.34–2.45); <0.001 1.73 (1.23–2.42); 0.002 1.61 (1.11–2.34); 0.012

Obesity 1.09 (0.85–1.41); 0.49 1.21 (0.90–1.64); 0.21 0.95 (0.68–1.33); 0.77

SNI level

Low 0.85 (0.58–1.24); 0.38 0.79 (0.49–1.27); 0.32 0.75 (0.46–1.21); 0.23

Moderate 0.97 (0.66–1.42); 0.85 1.02 (0.63–1.66); 0.92 0.90 (0.55–1.45); 0.66

Women Model 1 SNI level

Low 1.82 (1.37–2.43); <0.001 2.34 (1.49–3.69); <0.001 1.55 (1.08–2.23); 0.017

Moderate 1.42 (1.05–1.92); 0.024 1.37 (0.84–2.24); 0.21 1.61 (1.11–2.35); 0.013

Model 2 Age 1.06 (1.05–1.07); <0.001 1.09 (1.07–1.10); <0.001 1.04 (1.03–1.05); <0.001

Education

Primary 1.02 (0.71–1.46); 0.91 2.01 (1.06–3.80); 0.033 0.70 (0.46–1.05); 0.09

Vocational 0.91 (0.64–1.28); 0.58 1.60 (0.83–3.08); 0.16 0.68 (0.45–1.01); 0.06

Secondary 0.95 (0.71–1.28); 0.73 1.57 (0.86–2.88); 0.14 0.78 (0.56–1.09); 0.15

Current smoker 1.07 (0.83–1.38); 0.59 0.86 (0.56–1.34); 0.51 1.07 (0.79–1.45); 0.66

Hypertension 1.31 (1.04–1.64); 0.020 2.15 (1.49–3.09); <0.001 1.27 (0.97–1.67); 0.08

Diabetes 1.21 (0.90–1.62); 0.21 1.17 (0.82–1.68); 0.38 1.23 (0.88–1.72); 0.23

Obesity 1.56 (1.26–1.92); <0.001 1.71 (1.28–2.29); <0.001 1.39 (1.09–1.79); 0.009

SNI level

Low 0.76 (0.54–1.07); 0.11 0.61 (0.35–1.05); 0.07 0.87 (0.58–1.31); 0.51

Moderate 0.93 (0.66–1.31); 0.67 0.70 (0.40–1.24); 0.22 1.22 (0.81–1.82); 0.34

Reference: high SNI, high education level, currently nonsmoker, lack of hypertension, lack of diabetes, body mass index <30 kg/m2

Model 1 — univariate analysis; Model 2 — multivariable analysis

Abbreviations: see Tables 2 and 4

SS played a protective role against severe CVDs (confirmed 
CHD death, confirmed or likely MI, resuscitated cardiac 
arrest, other atherosclerotic CVD death, or fatal or nonfatal 
stroke) [17]. 

As psychosocial risk factors influence health, they are 
worth considering in research studies to examine the scale 
of the problem both in the general population and in the 
population of people with high cardiovascular risk. 

Social support can be obtained from relatives, friends, 
organizations, health care professionals, and even through 
the Internet, and it is a complex form of mutual interactions 
of its components (i.e., marital status, social contact with 
children, relatives or friends, and active participation in 
organizations), so its effect on health depends on the type 
of support and on who gives this support. Personal rela-
tionships and family support can be based on emotional 
support, also support in providing information about 
health promotion, preparing healthy food or accompa-
nying during physical activities, so the role of social rela-
tionships in sustaining good health should be underlined 
[18]. The role of support groups (family and friends) in the 
preventive cardiology programs for high-risk individuals 

was underlined in the EUROACTION project [19]. Therefore, 
our study evaluated associations not only between SS as 
a whole index but also between particular components of 
SNI and CVDs in Polish adults based on the results of the 
population-based cross-sectional survey. In men, except 
for active participation in organized social activities, the 
type of social contact (with children, relatives, or friends) or 
the number of sources of social contact did not play a role 
in maintaining cardiovascular health. In women, satisfac-
tory contact with children and relatives and support from 
more than one source of social contact were associated 
with better cardiovascular health. This is consistent with 
some findings from the Polish HAPIEE cohort, in which the 
associations between psychosocial risk factors and CVD 
incidence were much stronger in women than in men [20]. 
The number of social connections in women is not always 
associated with higher SS because women’s involvement 
in many different social roles may be related to increased 
stress and overwork [21]. However, we did not confirm this 
relationship because more sources of satisfactory interper-
sonal contacts were independently associated with better 
CHS in women.
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Table 6. Impact of SNI components on CVD, IHD, and arrhythmia in men and women (logistic regression analysis). The WOBASZ II Study  
(n = 6043)

Sex Model Predictor Cardiovascular disease Ischemic heart disease Arrhythmia

OR (95% CI); P-value OR (95% CI); P-value OR (95% CI); P-value

Men Model 1A Organized social activity

Active participationa 0.76 (0.61–0.96); 0.020 0.74 (0.55–0.99); 0.043 1.02 (0.75–1.38); 0.91

Model 1B Number of sources of social contacts

3 1.16 (0.79–1.70); 0.46 1.03 (0.65–1.64); 0.89 0.96 (0.58–1.59); 0.87

2 0.77 (0.51–1.15); 0.20 0.67 (0.41–1.10); 0.11 0.67 (0.39–1.15); 0.14

Model 2 Age 1.08 (1.07–1.09); <0.001 1.08 (1.06–1.09); <0.001 1.05 (1.04–1.07); <0.001

Education

Primary 0.77 (0.48–1.25); 0.29 1.22 (0.66–2.24); 0.53 0.99 (0.53–1.85); 0.98

Vocational 0.91 (0.61–1.38); 0.67 1.55 (0.89–2.68); 0.12 0.96 (0.55–1.67); 0.89

Secondary 1.12 (0.75–1.67); 0.58 1.39 (0.80–2.40); 0.24 1.41 (0.84–2.37); 0.20

Current smoker 0.66 (0.50–0.88); 0.005 0.63 (0.44–0.91); 0.013 0.57 (0.38–0.86); 0.008

Hypertension 1.78 (1.36–2.33); <0.001 1.62 (1.16–2.26); 0.004 2.22 (1.53–3.22); <0.001

Diabetes 1.92 (1.41–2.61); <0.001 1.75 (1.24–2.47); 0.002 1.66 (1.14–2.44); 0.009

Obesity 1.10 (0.85–1.43); 0.49 1.23 (0.90–1.68); 0.19 0.98 (0.70–1.38); 0.92

Organized social activites

Active participation* 1.12 (0.84–1.50); 0.45 1.22 (0.85–1.74); 0.28 1.50 (1.04–2.15); 0.029

Number of sources of social contacts

3 1.19 (0.73–1.93); 0.49 1.03 (0.59–1.79); 0.91 0.98 (0.54–1.78); 0.95

2 1.45 (0.87–2.41); 0.15 1.16 (0.65–2.09); 0.61 1.09 (0.58–2.04); 0.78

Marital status

Married 0.95 (0.70–1.28); 0.72 0.98 (0.68–1.40); 0.90 0.80 (0.55–1.17); 0.25

Women Model 1A Organized social activity

Active participationa 1.00 (0.82–1.24); 0.97 0.70 (0.50–0.97); 0.033 1.22 (0.95–1.56); 0.12

Model 1B Number of sources of social contacts

3 0.55 (0.37–0.82); 0.003 0.65 (0.37–1.14); 0.13 0.53 (0.33–0.83); 0.006

2 0.44 (0.29–0.66); <0.001 0.60 (0.33–1.09); 0.09 0.45 (0.27–0.73); 0.001

Model 2 Age 1.06 (1.05–1.07); <0.001 1.09 (1.07–1.10); <0.001 1.04 (1.03–1.05); <0.001

Education

Primary 1.07 (0.74–1.55); 0.72 2.14 (1.11–4.12); 0.022 0.72 (0.47–1.10); 0.13

Vocational 0.95 (0.67–1.35); 0.78 1.61 (0.82–3.13); 0.16 0.72 (0.48–1.08); 0.11

Secondary 0.99 (0.73–1.33); 0.92 1.61 (0.87–2.98); 0.13 0.82 (0.59–1.16); 0.26

Current smoker 1.10 (0.85–1.42); 0.48 0.91 (0.59–1.41); 0.67 1.12 (0.83–1.53); 0.46

Hypertension 1.35 (1.07–1.70); 0.011 2.12 (1.47–3.06); <0.001 1.31 (0.99–1.73); 0.06

Diabetes 1.21 (0.89–1.64); 0.22 1.16 (0.80–1.67); 0.43 1.23 (0.87–1.74); 0.25

Obesity 1.52 (1.23–1.88); <0.001 1.62 (1.21–2.19); 0.001 1.39 (1.08–1.79); 0.011

Organized social activity

Active participationa 1.42 (1.11–1.82); 0.005 1.29 (0.87–1.91); 0.20 1.47 (1.11–1.95); 0.007

Number of sources of social contacts

3 0.55 (0.34–0.89); 0.015 1.04 (0.53–2.05); 0.90 0.49 (0.30–0.82); 0.006

2 0.52 (0.31–0.87); 0.012 1.03 (0.51–2.08); 0.95 0.50 (0.29–0.85); 0.011

Marital status

Married 1.06 (0.86–1.32); 0.57 1.15 (0.84–1.58); 0.38 1.02 (0.79–1.31); 0.90

Reference: high SNI, high education level, unmarried, 0–1 sources of social contacts, none or passive participation in organized social activities, currently nonsmoker, lack  
of hypertension, lack of diabetes, body mass index <30 kg/m2

Model 1A and Model 1B — univariate analysis; Model 2 — multivariable analysis
aActive participation in at least 1 organization

Abbreviations: see Table 2 and 4

In general, there is a difference between men and 
women in SS use. Men use support less often than women 
to deal with life experiences [22] although their health 
benefits from SS were the same or even greater than 
women’s benefits. There are at least two probable reasons 
for that: first, men believe they do not need any help from 
others, and second, the traditional perception of gender 
roles, which emphasizes independence and low emotional 
disclosure in men, does not let them ask for help (this can 

be seen as a weakness). So, for men, the use of support is 
associated, to a greater extent than in women, with weigh-
ing costs (decreased sense of self-control and self-efficacy) 
and benefits (feeling better, more calm) [23].

Notable is the contribution of organized social activities 
in the SNI. They can be perceived as the fourth source of 
satisfying contacts, especially in people who have few or no 
sources of social ties, and in this sense, we tried to explain 
its protective impact in the univariate analysis. However, 
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Table 6. Impact of SNI components on CVD, IHD, and arrhythmia in men and women (logistic regression analysis). The WOBASZ II Study  
(n = 6043)

Sex Model Predictor Cardiovascular disease Ischemic heart disease Arrhythmia

OR (95% CI); P-value OR (95% CI); P-value OR (95% CI); P-value

Men Model 1A Organized social activity

Active participationa 0.76 (0.61–0.96); 0.020 0.74 (0.55–0.99); 0.043 1.02 (0.75–1.38); 0.91

Model 1B Number of sources of social contacts

3 1.16 (0.79–1.70); 0.46 1.03 (0.65–1.64); 0.89 0.96 (0.58–1.59); 0.87

2 0.77 (0.51–1.15); 0.20 0.67 (0.41–1.10); 0.11 0.67 (0.39–1.15); 0.14

Model 2 Age 1.08 (1.07–1.09); <0.001 1.08 (1.06–1.09); <0.001 1.05 (1.04–1.07); <0.001

Education

Primary 0.77 (0.48–1.25); 0.29 1.22 (0.66–2.24); 0.53 0.99 (0.53–1.85); 0.98

Vocational 0.91 (0.61–1.38); 0.67 1.55 (0.89–2.68); 0.12 0.96 (0.55–1.67); 0.89

Secondary 1.12 (0.75–1.67); 0.58 1.39 (0.80–2.40); 0.24 1.41 (0.84–2.37); 0.20

Current smoker 0.66 (0.50–0.88); 0.005 0.63 (0.44–0.91); 0.013 0.57 (0.38–0.86); 0.008

Hypertension 1.78 (1.36–2.33); <0.001 1.62 (1.16–2.26); 0.004 2.22 (1.53–3.22); <0.001

Diabetes 1.92 (1.41–2.61); <0.001 1.75 (1.24–2.47); 0.002 1.66 (1.14–2.44); 0.009

Obesity 1.10 (0.85–1.43); 0.49 1.23 (0.90–1.68); 0.19 0.98 (0.70–1.38); 0.92

Organized social activites

Active participation* 1.12 (0.84–1.50); 0.45 1.22 (0.85–1.74); 0.28 1.50 (1.04–2.15); 0.029

Number of sources of social contacts

3 1.19 (0.73–1.93); 0.49 1.03 (0.59–1.79); 0.91 0.98 (0.54–1.78); 0.95

2 1.45 (0.87–2.41); 0.15 1.16 (0.65–2.09); 0.61 1.09 (0.58–2.04); 0.78

Marital status

Married 0.95 (0.70–1.28); 0.72 0.98 (0.68–1.40); 0.90 0.80 (0.55–1.17); 0.25

Women Model 1A Organized social activity

Active participationa 1.00 (0.82–1.24); 0.97 0.70 (0.50–0.97); 0.033 1.22 (0.95–1.56); 0.12

Model 1B Number of sources of social contacts

3 0.55 (0.37–0.82); 0.003 0.65 (0.37–1.14); 0.13 0.53 (0.33–0.83); 0.006

2 0.44 (0.29–0.66); <0.001 0.60 (0.33–1.09); 0.09 0.45 (0.27–0.73); 0.001

Model 2 Age 1.06 (1.05–1.07); <0.001 1.09 (1.07–1.10); <0.001 1.04 (1.03–1.05); <0.001

Education

Primary 1.07 (0.74–1.55); 0.72 2.14 (1.11–4.12); 0.022 0.72 (0.47–1.10); 0.13

Vocational 0.95 (0.67–1.35); 0.78 1.61 (0.82–3.13); 0.16 0.72 (0.48–1.08); 0.11

Secondary 0.99 (0.73–1.33); 0.92 1.61 (0.87–2.98); 0.13 0.82 (0.59–1.16); 0.26

Current smoker 1.10 (0.85–1.42); 0.48 0.91 (0.59–1.41); 0.67 1.12 (0.83–1.53); 0.46

Hypertension 1.35 (1.07–1.70); 0.011 2.12 (1.47–3.06); <0.001 1.31 (0.99–1.73); 0.06

Diabetes 1.21 (0.89–1.64); 0.22 1.16 (0.80–1.67); 0.43 1.23 (0.87–1.74); 0.25

Obesity 1.52 (1.23–1.88); <0.001 1.62 (1.21–2.19); 0.001 1.39 (1.08–1.79); 0.011

Organized social activity

Active participationa 1.42 (1.11–1.82); 0.005 1.29 (0.87–1.91); 0.20 1.47 (1.11–1.95); 0.007

Number of sources of social contacts

3 0.55 (0.34–0.89); 0.015 1.04 (0.53–2.05); 0.90 0.49 (0.30–0.82); 0.006

2 0.52 (0.31–0.87); 0.012 1.03 (0.51–2.08); 0.95 0.50 (0.29–0.85); 0.011

Marital status

Married 1.06 (0.86–1.32); 0.57 1.15 (0.84–1.58); 0.38 1.02 (0.79–1.31); 0.90

Reference: high SNI, high education level, unmarried, 0–1 sources of social contacts, none or passive participation in organized social activities, currently nonsmoker, lack  
of hypertension, lack of diabetes, body mass index <30 kg/m2

Model 1A and Model 1B — univariate analysis; Model 2 — multivariable analysis
aActive participation in at least 1 organization

Abbreviations: see Table 2 and 4

In general, there is a difference between men and 
women in SS use. Men use support less often than women 
to deal with life experiences [22] although their health 
benefits from SS were the same or even greater than 
women’s benefits. There are at least two probable reasons 
for that: first, men believe they do not need any help from 
others, and second, the traditional perception of gender 
roles, which emphasizes independence and low emotional 
disclosure in men, does not let them ask for help (this can 

be seen as a weakness). So, for men, the use of support is 
associated, to a greater extent than in women, with weigh-
ing costs (decreased sense of self-control and self-efficacy) 
and benefits (feeling better, more calm) [23].

Notable is the contribution of organized social activities 
in the SNI. They can be perceived as the fourth source of 
satisfying contacts, especially in people who have few or no 
sources of social ties, and in this sense, we tried to explain 
its protective impact in the univariate analysis. However, 
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we suppose that with the full and/or excessive involvement 
of the individual in social activities, the protective role of 
this component ends and it becomes an additional burden 
and/or workload, which is visible in the multivariable ana-
lysis in the case of arrhythmia (in both sexes). The observed 
association requires more detailed research, and we plan 
to do so in our future work. In the Framingham Heart 
Study, the results of the follow-up analysis on associations 
between the SNI and the incidence and mortality due to 
atrial fibrillation showed that among the components of 
SNI, only active participation in organized social activities 
was associated with a higher incidence of atrial fibrillation 
(HR, 1.35 [1.16–1.57]; P = 0.001) [14]. This is partly consistent 
with our results (we found a higher prevalence of arrhyth-
mia in people who actively participated in organized social 
activities); however, our study was not observational.

In line with the results of the European Social Survey 
that indicated a relationship between education and social 
support and suggested the need to consider socioeconom-
ic factors in research on health effects of social support 
[24], we included in our models the level of education. In 
contrast to our predictions, in a fully adjusted model, no 
significant and independent association between the SNI 
(as a whole index) and cardiovascular health was found. 
The sociodemographic risk factors (age, education) and 
risk factors/comorbidities (smoking, hypertension, DM, and 
obesity) were found to be more strongly associated with 
cardiovascular health compared to social ties. 

People who receive more support are known to have 
better physical and psychological health, better quality 
of life [25, 26], greater sense of self-worth [27], better 
lifestyle, and increased compliance with medications and 
rehabilitation. On the contrary, lack of support is a barrier 
to adherence to a healthy lifestyle, as we showed in our 
previous study WOBASZ (2003–2005), where low SS was 
associated with unhealthy lifestyle [28].

Low SS was very prevalent in the Polish population, 
in 2013–2014 almost half of adult Poles had low SS (with 
predominance in women) compared to 31.0% of men and 
39.0% of women in WOBASZ [28]. Individuals with low SS 
were older and characterized by a worse risk factor profile 
(higher prevalence of obesity, smoking, hypertension) and 
worse cardiovascular health (more cases of CVDs, IHD, and 
arrhythmia). The prevalence of classical risk factors in low 
SS individuals was even higher than the Polish population 
average [29]. 

Given that the prevalence of low SS has increased sig-
nificantly since 2003–2005 (from 31.0% to 45.4%% in men, 
and from 39.0% to 52.2% in women), and probably has 
grown even more during the COVID-19 pandemic (this re-
quires investigations), it is important to consider it as a CVD 
risk factor and also as a factor that plays an important role in 
CVDs prevention. Although data analyzed in our study were 
collected 10 years ago, the results allowed us to elucidate 
the importance of social contact and its associations with 

CVDs. We demonstrated that even if support measured by 
the SNI does not seem to matter, its components such as 
satisfactory social contacts and the number of social ties 
play an important role in relation to CVDs. Probably these 
associations persist, even if the social support mechanisms 
have changed. Last but not least, we are convinced that 
our data will be interesting for readers and will be used in 
future comparative analyses.

Limitations
A  major limitation is the  cross-sectional nature of 
the WOBASZ II study, which allowed us to analyze the 
associations, but not the  cause-and-effect relationship 
between SNI and CVDs. Furthermore, the WOBASZ II 
study was an epidemiological survey, made on more than 
6000 individuals, so according to the specificity of epide-
miological studies, especially those made on thousands of 
participants, nearly all data including medical history are 
self-reported and based on questionnaires (without clinical 
verification). An additional limitation is the response rate 
of slightly less than 50% [9], which follows trends toward 
lower response rates in European studies. 

CONCLUSIONS
The results of our study showed a higher prevalence of 
low SS (presented as a low SNI) in women compared to 
men. Participants with low SS had a worse cardiovascular 
disease risk factor profile. Low SS was associated with 
CVDs, IHD, and arrhythmia in both sexes only in a univar-
iate analysis. None of the analyzed social contacts (with 
children, relatives, or friends), no matter how satisfactory 
they were, was associated with cardiovascular health in 
men. However, in women, satisfactory contact with chil-
dren or relatives appeared to be associated with a lower 
prevalence of CVDs or arrhythmia. Active participation 
in organized social activities was associated with higher 
chance of arrhythmia in both sexes, regardless of other risk 
factors/comorbidities and age. However last finding should 
be interpreted with caution due to self-reported data on 
arrhythmia (without clinical verification of diagnosis), so it 
requires further investigations. 
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and/or workload, which is visible in the multivariable ana-
lysis in the case of arrhythmia (in both sexes). The observed 
association requires more detailed research, and we plan 
to do so in our future work. In the Framingham Heart 
Study, the results of the follow-up analysis on associations 
between the SNI and the incidence and mortality due to 
atrial fibrillation showed that among the components of 
SNI, only active participation in organized social activities 
was associated with a higher incidence of atrial fibrillation 
(HR, 1.35 [1.16–1.57]; P = 0.001) [14]. This is partly consistent 
with our results (we found a higher prevalence of arrhyth-
mia in people who actively participated in organized social 
activities); however, our study was not observational.

In line with the results of the European Social Survey 
that indicated a relationship between education and social 
support and suggested the need to consider socioeconom-
ic factors in research on health effects of social support 
[24], we included in our models the level of education. In 
contrast to our predictions, in a fully adjusted model, no 
significant and independent association between the SNI 
(as a whole index) and cardiovascular health was found. 
The sociodemographic risk factors (age, education) and 
risk factors/comorbidities (smoking, hypertension, DM, and 
obesity) were found to be more strongly associated with 
cardiovascular health compared to social ties. 

People who receive more support are known to have 
better physical and psychological health, better quality 
of life [25, 26], greater sense of self-worth [27], better 
lifestyle, and increased compliance with medications and 
rehabilitation. On the contrary, lack of support is a barrier 
to adherence to a healthy lifestyle, as we showed in our 
previous study WOBASZ (2003–2005), where low SS was 
associated with unhealthy lifestyle [28].

Low SS was very prevalent in the Polish population, 
in 2013–2014 almost half of adult Poles had low SS (with 
predominance in women) compared to 31.0% of men and 
39.0% of women in WOBASZ [28]. Individuals with low SS 
were older and characterized by a worse risk factor profile 
(higher prevalence of obesity, smoking, hypertension) and 
worse cardiovascular health (more cases of CVDs, IHD, and 
arrhythmia). The prevalence of classical risk factors in low 
SS individuals was even higher than the Polish population 
average [29]. 

Given that the prevalence of low SS has increased sig-
nificantly since 2003–2005 (from 31.0% to 45.4%% in men, 
and from 39.0% to 52.2% in women), and probably has 
grown even more during the COVID-19 pandemic (this re-
quires investigations), it is important to consider it as a CVD 
risk factor and also as a factor that plays an important role in 
CVDs prevention. Although data analyzed in our study were 
collected 10 years ago, the results allowed us to elucidate 
the importance of social contact and its associations with 

CVDs. We demonstrated that even if support measured by 
the SNI does not seem to matter, its components such as 
satisfactory social contacts and the number of social ties 
play an important role in relation to CVDs. Probably these 
associations persist, even if the social support mechanisms 
have changed. Last but not least, we are convinced that 
our data will be interesting for readers and will be used in 
future comparative analyses.

Limitations
A  major limitation is the  cross-sectional nature of 
the WOBASZ II study, which allowed us to analyze the 
associations, but not the  cause-and-effect relationship 
between SNI and CVDs. Furthermore, the WOBASZ II 
study was an epidemiological survey, made on more than 
6000 individuals, so according to the specificity of epide-
miological studies, especially those made on thousands of 
participants, nearly all data including medical history are 
self-reported and based on questionnaires (without clinical 
verification). An additional limitation is the response rate 
of slightly less than 50% [9], which follows trends toward 
lower response rates in European studies. 

CONCLUSIONS
The results of our study showed a higher prevalence of 
low SS (presented as a low SNI) in women compared to 
men. Participants with low SS had a worse cardiovascular 
disease risk factor profile. Low SS was associated with 
CVDs, IHD, and arrhythmia in both sexes only in a univar-
iate analysis. None of the analyzed social contacts (with 
children, relatives, or friends), no matter how satisfactory 
they were, was associated with cardiovascular health in 
men. However, in women, satisfactory contact with chil-
dren or relatives appeared to be associated with a lower 
prevalence of CVDs or arrhythmia. Active participation 
in organized social activities was associated with higher 
chance of arrhythmia in both sexes, regardless of other risk 
factors/comorbidities and age. However last finding should 
be interpreted with caution due to self-reported data on 
arrhythmia (without clinical verification of diagnosis), so it 
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A B S T R A C T
Background: Apical hypertrophic cardiomyopathy (AHCM) is a subtype of HCM, and few studies 
on the prognosis in AHCM are available. 

Aims: This study aimed to explore the clinical prognosis for AHCM and non-AHCM patients through 
clinical data based on propensity score matching (PSM) in a large cohort of Chinese HCM patients.

Methods: The cohort study included 2268 HCM patients, 226 AHCM and 2042 non-AHCM patients 
from 13 tertiary hospitals, who were treated between 1996 and 2021. Fifteen demographic and clinical 
variables of 226 AHCM patients and 2042 non-AHCM patients were matched using 1:2 PSM. A Cox 
proportional hazard regression model was constructed to assess the effect of AHCM on mortality.

Results: During a median follow-up of 5.1 (2.4–8.4) years, 353 (15.6%) of the 2268 HCM patients 
died, of whom 205 died due to cardiovascular mortality/cardiac transplantation and 94 experienced 
sudden cardiac death (SCD). In the matched cohort, the ACHM patients had lower rates of all-cause 
mortality (P = 0.003), cardiovascular mortality/cardiac transplantation (P = 0.03), and SCD (P = 0.02) 
than the non-AHCM patients. Furthermore, the Cox proportional hazard regression model showed 
that AHCM was an independent prognostic predictor of all-cause HCM mortality (P = 0.004) and 
a univariable prognostic predictor of cardiovascular mortality/cardiac transplantation (P = 0.03) 
and for SCD (P = 0.03). However, AHCM was not significant in multivariable Cox regression models 
in relation to cardiovascular mortality/cardiac transplantation and SCD.

Conclusion: AHCM had a favorable prognosis both before and after matching, with lower all-cause 
mortality, cardiovascular mortality/cardiac transplantation, and SCD than non-AHCM. 

Key words: apical hypertrophic cardiomyopathy, all-cause mortality, cardiovascular mortality/cardiac 
transplantation, propensity score matching, sudden cardiac death
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INTRODUCTION
Hypertrophic cardiomyopathy (HCM) is the 
most common hereditary cardiomyopathy 
and usually manifests as thickening of the 
left ventricular wall without secondary caus-
es and left ventricular dilatation [1]. Notably, 
apical hypertrophic cardiomyopathy (AHCM) 
is a specific type of primary HCM that was 

first reported in Japan by Sakamoto et al. in 
1976 [2]. Myocardial hypertrophy in AHCM 
is mainly limited to the apex of the left ven-
tricular papillary muscle, usually without left 
ventricular outflow tract (LVOT) dynamic 
obstruction and an LVOT gradient [3–4]. More-
over, AHCM is the most common HCM in East 
Asian populations, accounting for 25% of all 
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W H A T ’ S  N E W ?
Propensity score matching can address the imbalance of confounders in observational studies. This study aimed to explore the 
clinical prognosis in apical hypertrophic cardiomyopathy (AHCM) and non-AHCM patients through clinical data based on pro-
pensity score matching. We showed that AHCM had a favorable prognosis both before and after matching, with lower all-cause 
mortality, cardiovascular mortality/cardiac transplantation, and sudden cardiac death than non-AHCM.

the cases of HCM in the Asian population and 1%–10% of 
the HCM cases in non-Asian populations [5].

HCM patients may experience palpitations, shortness of 
breath, chest tightness, and chest pain, as well as symptoms 
of cardiac dysfunction [1]. Nevertheless, AHCM patients 
may be more likely to have fewer clinical signs or symp-
toms [3]. The typical clinical features of AHCM are giant 
negative T waves (GNTs) on electrocardiogram (ECG) and 
“spade-like” changes on echocardiography [2, 3]. Many 
studies have confirmed the favorable prognosis in AHCM 
[5–9]. However, recent studies have questioned this [4, 10], 
as fatal arrhythmias and even sudden cardiac death (SCD) 
have also been reported in AHCM patients [11–14].

Propensity score matching is a statistical technique 
introduced in 1983 and provides a method for effectively 
adjusting for confounding variables that are known and 
measured in observational data [15]. Studies on AHCM 
prognosis are not completely consistent, and there are 
few studies on the prognostic value of AHCM in HCM 
patients. Therefore, this study aimed to evaluate AHCM 
prognosis as well as the effect of AHCM on HCM mortality 
based on propensity score matching.

METHODS

Study population
We conducted a multicenter cohort study on 2268 HCM 
patients, 226 with AHCM and 2042 with non-AHCM, who 
were hospitalized at 13 tertiary hospitals from 1996 to 
2021. In addition, we performed propensity score match-
ing for AHCM and non-AHCM with a 1:2 ratio. Ultimately, 
226 AHCM patients and 452 non-AHCM patients were 
enrolled after matching. Patients with cardiac or system-
ic disease capable of producing similar magnitudes of 
hypertrophy, such as cardiac amyloidosis, Fabry disease, 
Noonan syndrome, and amyloidosis cardiomyopathy etc., 
were excluded.

Diagnostic criteria and definitions
HCM is defined as a wall thickness of left ventricular myo-
cardium ≥15 mm in one or more left segments. It can be 
measured by any imaging technique (echocardiography, 
cardiac magnetic resonance imaging [CMR], or computed 
tomography [CT]), rather than explained by loading condi-
tions alone [16, 17]. Patients with familial HCM or a family 
history of SCD in first-degree relatives with a smaller degree 
of wall thickness (13–14) can be diagnosed with HCM [16].

The diagnostic criteria for AHCM include a left ven-
tricular apex (below the insertion of papillary muscles) 
≥15 mm as shown by a two-dimensional echocardiogram 
or CMR. However, since the apex is the thinnest part of 
the left ventricle, a lower threshold (13–14 mm) can be 
used to diagnose AHCM when clinical manifestations and 
other imaging features (electrocardiography, family history, 
genotyping, CMR imaging, echocardiography, etc.) favor 
AHCM diagnosis [16–18].

Follow-up and endpoint
The follow-up began in October 2011, and the last 
follow-up was completed in August 2022. The primary 
endpoint of the study was all-cause mortality, and the 
secondary endpoints were cardiovascular mortality/cardiac 
transplantation and SCD. Cardiovascular mortality was 
defined as stroke, cerebral infarction, heart failure (HF), and 
appropriate implantable cardioverter-defibrillator (ICD) 
discharges. SCD was an unexpected death that occurred 
in the absence of or within 1 hour from symptom onset 
in patients who had previously experienced a relatively 
stable or uneventful course [19]. Ventricular arrhythmias 
were defined as frequent ventricular premature beats 
and ventricular tachycardia detected by a 24-hour Holter 
electrocardiogram. Non-sustained ventricular tachycardia 
was also indicated by a 24-hour Holter electrocardiogram. 
Data on the occurrence of all-cause mortality, cardiovas-
cular mortality/cardiac transplantation, and SCD during 
follow-up were collected by reviewing medical records 
(outpatient center attendance and hospitalization), per-
forming telephone interviews, and reviewing survival 
status records through the National Police Stations. Patients 
who were lost within 6 months of discharge were regarded 
as lost to follow-up. The study conformed to the principles 
of the Declaration of Helsinki and was approved by the 
Ethics Commission of Sichuan Provincial People’s Hospital.

Statistical analysis
Continuous variables were described as medians with in-
terquartile ranges (IQR), and differences between the two 
groups were analyzed by the Mann–Whitney U test. The 
Shapiro–Wilk test was used to define the normal distribu-
tion. Categorical variables were expressed as proportions, 
and differences between groups were analyzed by the 
Pearson χ2 test. A logit model was performed based on 
28 baseline variables, and variables with a P ≤0.15 were 
then entered into propensity score matching (e.g., age, 
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as lost to follow-up. The study conformed to the principles 
of the Declaration of Helsinki and was approved by the 
Ethics Commission of Sichuan Provincial People’s Hospital.

Statistical analysis
Continuous variables were described as medians with in-
terquartile ranges (IQR), and differences between the two 
groups were analyzed by the Mann–Whitney U test. The 
Shapiro–Wilk test was used to define the normal distribu-
tion. Categorical variables were expressed as proportions, 
and differences between groups were analyzed by the 
Pearson χ2 test. A logit model was performed based on 
28 baseline variables, and variables with a P ≤0.15 were 
then entered into propensity score matching (e.g., age, 
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sex, syncope, family history of SCD, ventricular arrhythmias, 
QRS duration, QTc duration, QT duration, PR duration, right 
bundle branch block [RBBB], left ventricular [LV] diameter, 
left atrial [LA] diameter, left ventricular ejection fraction 
[LVEF], Log N-terminal pro-B-type natriuretic peptide 
[NT-proBNP], creatinine). Propensity score matching was 
performed using a 1:2 ratio in R using the MatchIt package 
with nearest-neighbor matching to adjust for potential 
confounding in the comparison between the AHCM and 
non-AHCM groups. Cumulative survival estimates were 
calculated according to the Kaplan–Meier method, and 
differences were assessed by the log-rank test. A stepwise 
variable selection procedure for Cox’s proportional hazard 
model was performed to identify the factors independently 
associated with mortality by R packages My.stepwise. 
Hazard ratios (HRs), 95% confidence intervals (CIs), and 
P values were provided. The survival curve was obtained 
based on the R packages survival. Analysis was performed 
with R Version 4.0.5 (R Foundation for Statistical Computing, 
Vienna, Austria), with P-values <0.05 considered statisti-
cally significant.

RESULTS

Baseline characteristics
Table 1 summarizes the baseline clinical characteristics of 
the unmatched and matched cohorts. In the unmatched 
cohort, a total of 2268 patients met the initial inclusion 
criteria, of whom 1435 (63.3%) were males and 833 females 
(36.7%), with a median age of 56 (46–66) years. Com-
pared to the non-AHCM patients, the AHCM patients had 
a more infrequent history of syncope and familial HCM, 
lower incidence of ventricular arrhythmias and ventricu-
lar tachycardia, shorter QRS and QTc duration, smaller LA 
diameter, smaller interventricular septum (IVS) thickness 
and maximal LV wall thickness, and a lower circulating Log 
(NT-proBNP) level. The matched cohort analysis showed 
that 24 baseline variables were not significantly different 
between the two groups except for IVS thickness, maximal 
LV wall thickness, beta-blockers, and Ca2+ antagonists.

Follow-up results of the unmatched cohort
Before matching, the median follow-up time was 5.1 (2.4– 
–8.4) years. Meanwhile, there were 18 (8.0%) patients and 
335 (16.4%) patients in all-cause mortality in the AHCM 
group and non-AHCM group, respectively. Nine (4.0%) 
cardiovascular deaths occurred in the AHCM group, and 
196 (9.6%) occurred in the non-AHCM group. SCD occurred 
in 3 (1.3%)ACHM patients and 91 (4.5%) patients with 
non-AHCM. The Kaplan-Meier curves for the unmatched 
cohort of AHCM and non-AHCM patients are shown in 
Figure 1. There were significant differences between 
AHCM and non-AHCM in relation to all-cause mortality  
(P <0.001), cardiovascular mortality/cardiac transplantation  
(P <0.001), and SCD (P = 0.009).

Outcome of propensity score matching analysis

Primary endpoint: All-cause mortality
The Kaplan–Meier curves for all-cause mortality in the 
AHCM and non-AHCM patients after matching are shown in 
Figure 2A. Notably, all-cause mortality was lower in AHCM 
patients (P = 0.003). The Cox proportional hazard model 
for all-cause mortality in the unmatched and matched 
cohorts is shown in Table 2. According to the Cox propor-
tional hazard regression model, AHCM (HR, 0.461; 95% CI, 
0.271–0.784; P = 0.004), age (HR, 1.040; 95% CI, 1.022–1.059; 
P <0.001), LVEF (HR, 0.976; 95% CI, 0.953–0.999; P = 0.04), 
and Log (NT-proBNP) (HR, 7.181; 95% CI, 3.767–13.687;  
P <0.001) were independent prognostic predictors of all-
cause mortality in the matched cohort.

Secondary endpoint: Cardiovascular mortality/ 
/cardiac transplantation and SCD
The Kaplan–Meier curves for cardiovascular mortality/ 
/cardiac transplantation after matching are shown in Figure 
2B. The AHCM patients had lower cardiovascular mortali-
ty/cardiac transplantation (P = 0.03) than the non-AHCM 
patients. Meanwhile, Cox regression analysis showed that 
AHCM was a univariable predictor of cardiovascular mortal-
ity/cardiac transplantation (HR, 0.448; 95% CI, 0.214–0.935; 
P = 0.03), which was not confirmed after adjusting for other 
clinical predictors in the multivariable analysis (HR, 0.506; 
95% CI, 0.239–1.069; P = 0.07). In the matched cohort (Ta-
ble 3), male sex (HR, 0.485; 95% CI, 0.260–0.904; P = 0.02), 
ventricular arrhythmias (HR, 2.318; 95% CI, 1.064–5.052; 
P = 0.03), QTc duration (HR, 1.007; 95% CI, 1.002–1.013; 
P = 0.01), and Log (NT-proBNP) (HR, 10.114; 95% CI, 4.085– 
–25.045; P <0.001) were independent prognostic predictors 
of cardiovascular mortality/cardiac transplantation.

Likewise, after matching, the AHCM patients had a low-
er rate of SCD (P = 0.020) (Figure 2C). The Cox proportional 
hazard regression model is shown in Table 4. Left bundle 
branch block (HR, 8.654; 95% CI, 1.665–44.993; P = 0.01), 
diastolic blood pressure (HR, 0.955; 95% CI, 0.920–0.992; 
P = 0.02), LV diameter (HR, 1.067; 95% CI, 1.014–1.123; 
P = 0.01), Log (NT-proBNP) (HR, 5.142; 95% CI, 1.030–25.670; 
P = 0.046), IVS thickness (HR, 1.126; 95% CI, 1.035–1.226; 
P = 0.006), and Ca2+ antagonists (HR, 0.313; 95% CI, 0.102– 
–0.962; P = 0.04) were independent prognostic predictors 
of SCD. AHCM was a univariable predictor (HR, 0.262; 95% 
CI, 0.077–0.885; P = 0.03) but not significant in multivariable 
Cox regression models for SCD.

Subgroup analysis
To better investigate the effect of AHCM on HCM mortality, 
we generated forest plots showing the differences in the 
subgroups. In the all-cause mortality group (Figure  3A), 
AHCM was a protective predictor in the subgroups of 
males, with New York Heart Association (NYHA) class I–II, 
age ≤60 years, LV diameter ≤50 mm, LVEF >55%, and Log 
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with nearest-neighbor matching to adjust for potential 
confounding in the comparison between the AHCM and 
non-AHCM groups. Cumulative survival estimates were 
calculated according to the Kaplan–Meier method, and 
differences were assessed by the log-rank test. A stepwise 
variable selection procedure for Cox’s proportional hazard 
model was performed to identify the factors independently 
associated with mortality by R packages My.stepwise. 
Hazard ratios (HRs), 95% confidence intervals (CIs), and 
P values were provided. The survival curve was obtained 
based on the R packages survival. Analysis was performed 
with R Version 4.0.5 (R Foundation for Statistical Computing, 
Vienna, Austria), with P-values <0.05 considered statisti-
cally significant.

RESULTS

Baseline characteristics
Table 1 summarizes the baseline clinical characteristics of 
the unmatched and matched cohorts. In the unmatched 
cohort, a total of 2268 patients met the initial inclusion 
criteria, of whom 1435 (63.3%) were males and 833 females 
(36.7%), with a median age of 56 (46–66) years. Com-
pared to the non-AHCM patients, the AHCM patients had 
a more infrequent history of syncope and familial HCM, 
lower incidence of ventricular arrhythmias and ventricu-
lar tachycardia, shorter QRS and QTc duration, smaller LA 
diameter, smaller interventricular septum (IVS) thickness 
and maximal LV wall thickness, and a lower circulating Log 
(NT-proBNP) level. The matched cohort analysis showed 
that 24 baseline variables were not significantly different 
between the two groups except for IVS thickness, maximal 
LV wall thickness, beta-blockers, and Ca2+ antagonists.

Follow-up results of the unmatched cohort
Before matching, the median follow-up time was 5.1 (2.4– 
–8.4) years. Meanwhile, there were 18 (8.0%) patients and 
335 (16.4%) patients in all-cause mortality in the AHCM 
group and non-AHCM group, respectively. Nine (4.0%) 
cardiovascular deaths occurred in the AHCM group, and 
196 (9.6%) occurred in the non-AHCM group. SCD occurred 
in 3 (1.3%)ACHM patients and 91 (4.5%) patients with 
non-AHCM. The Kaplan-Meier curves for the unmatched 
cohort of AHCM and non-AHCM patients are shown in 
Figure 1. There were significant differences between 
AHCM and non-AHCM in relation to all-cause mortality  
(P <0.001), cardiovascular mortality/cardiac transplantation  
(P <0.001), and SCD (P = 0.009).

Outcome of propensity score matching analysis

Primary endpoint: All-cause mortality
The Kaplan–Meier curves for all-cause mortality in the 
AHCM and non-AHCM patients after matching are shown in 
Figure 2A. Notably, all-cause mortality was lower in AHCM 
patients (P = 0.003). The Cox proportional hazard model 
for all-cause mortality in the unmatched and matched 
cohorts is shown in Table 2. According to the Cox propor-
tional hazard regression model, AHCM (HR, 0.461; 95% CI, 
0.271–0.784; P = 0.004), age (HR, 1.040; 95% CI, 1.022–1.059; 
P <0.001), LVEF (HR, 0.976; 95% CI, 0.953–0.999; P = 0.04), 
and Log (NT-proBNP) (HR, 7.181; 95% CI, 3.767–13.687;  
P <0.001) were independent prognostic predictors of all-
cause mortality in the matched cohort.

Secondary endpoint: Cardiovascular mortality/ 
/cardiac transplantation and SCD
The Kaplan–Meier curves for cardiovascular mortality/ 
/cardiac transplantation after matching are shown in Figure 
2B. The AHCM patients had lower cardiovascular mortali-
ty/cardiac transplantation (P = 0.03) than the non-AHCM 
patients. Meanwhile, Cox regression analysis showed that 
AHCM was a univariable predictor of cardiovascular mortal-
ity/cardiac transplantation (HR, 0.448; 95% CI, 0.214–0.935; 
P = 0.03), which was not confirmed after adjusting for other 
clinical predictors in the multivariable analysis (HR, 0.506; 
95% CI, 0.239–1.069; P = 0.07). In the matched cohort (Ta-
ble 3), male sex (HR, 0.485; 95% CI, 0.260–0.904; P = 0.02), 
ventricular arrhythmias (HR, 2.318; 95% CI, 1.064–5.052; 
P = 0.03), QTc duration (HR, 1.007; 95% CI, 1.002–1.013; 
P = 0.01), and Log (NT-proBNP) (HR, 10.114; 95% CI, 4.085– 
–25.045; P <0.001) were independent prognostic predictors 
of cardiovascular mortality/cardiac transplantation.

Likewise, after matching, the AHCM patients had a low-
er rate of SCD (P = 0.020) (Figure 2C). The Cox proportional 
hazard regression model is shown in Table 4. Left bundle 
branch block (HR, 8.654; 95% CI, 1.665–44.993; P = 0.01), 
diastolic blood pressure (HR, 0.955; 95% CI, 0.920–0.992; 
P = 0.02), LV diameter (HR, 1.067; 95% CI, 1.014–1.123; 
P = 0.01), Log (NT-proBNP) (HR, 5.142; 95% CI, 1.030–25.670; 
P = 0.046), IVS thickness (HR, 1.126; 95% CI, 1.035–1.226; 
P = 0.006), and Ca2+ antagonists (HR, 0.313; 95% CI, 0.102– 
–0.962; P = 0.04) were independent prognostic predictors 
of SCD. AHCM was a univariable predictor (HR, 0.262; 95% 
CI, 0.077–0.885; P = 0.03) but not significant in multivariable 
Cox regression models for SCD.

Subgroup analysis
To better investigate the effect of AHCM on HCM mortality, 
we generated forest plots showing the differences in the 
subgroups. In the all-cause mortality group (Figure  3A), 
AHCM was a protective predictor in the subgroups of 
males, with New York Heart Association (NYHA) class I–II, 
age ≤60 years, LV diameter ≤50 mm, LVEF >55%, and Log 
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Table 1. Baseline characteristics of the unmatched and the propensity score matched cohort

Variables  Unmatched cohort 
 (n = 2268)

Matched cohort 
(n = 678)

Non-AHCM
   (n = 2042)

AHCM
(n = 226)

P-value %missing Non-AHCM
(n = 452)

AHCM
(n = 226)

P-value

Follow-up time, year, median (Q1–Q3) 4.9 (2.4–8.3) 7.1 (3.8–10.0) <0.001 0 5.3 (2.7–8.7) 7.0 (2.8–10.0) 0.02

Age, years, median (Q1–Q3) 55 (45–65) 59 (48–66) 0.097 0 56 (47–67) 57 (49–66) 0.63

Sex, male, n (%) 1262 (61.8) 173 (76.5) 0.001 0  338 (74.8) 173 (76.5) 0.68

NYHA I-II class, n (%) 1242 (60.9) 140 (61.9) 0.80 0 300 (66.4) 140 (61.9) 0.29

DBP, mm Hg, median (Q1–Q3) 75 (68–82) 80 (70–80) 0.11 0.04 79 (70–86) 80 (70–80) 0.53

Syncope, n (%) 283 (13.9) 18 (8.0) 0.02 0  36 (8.0) 18 (8.0) 1.000

FHCM, n (%) 186 (9.1) 7 (3.1) 0.003 0 23 (5.1) 7 (3.1) 0.32

Family history of SCD, n (%) 33 (1.6) 2 (0.9) 0.57 0  5 (1.1) 2 (0.9) 1.000

Electrocardiograph

QRS, ms, median (Q1–Q3) 100 (88–119) 96 (83–108) <0.001 12.52  95 (84–107) 98 (84–107) 0.37

QT, ms, median (Q1–Q3) 420 (389–450) 426 (390–449) 0.47 12.92 418 (389–440) 420 (398–445) 0.09

QTc, ms, median (Q1–Q3) 449 (427–478) 443 (418–469) 0.01 13.89 447 (422–460) 447 (424–464) 0.65

PR, ms, median (Q1–Q3) 164 (150–190) 162 (151–184) 0.47 20.28 169 (149–178) 166 (151–180) 0.86

Atrial fibrillation, n (%) 370 (18.1) 38 (16.8) 0.69 0 60 (13.3) 38 (16.8) 0.26

LBBB, n (%) 68 (3.3) 4 (1.8) 0.29 0  6 (1.3) 4 (1.8) 0.91

RBBB, n (%) 103 (5.0) 10 (4.4) 0.81 0 19 (4.2) 10 (4.4) 1.000

Ventricular arrhythmias, n (%) 368 (18.0) 25 (11.1) 0.01 0 43 (9.5) 25 (11.1) 0.62

VT, n (%) 216 (10.6) 13 (5.8) 0.03 0 25 (5.5) 13 (5.8) 1.000

NSVT, n (%) 140 (7.0) 10 (4.8) 0.28 3.22 12 (2.7) 10 (4.4) 0.32

Echocardiography

LV diameter, mm, median (Q1–Q3) 43 (40–47) 47 (44–51) <0.001 8.11  46 (43–49) 47 (44–50) 0.09

LA diameter, mm, median (Q1–Q3) 39 (35–44) 37 (34–42) <0.001 7.41  38 (34–42) 38 (34–41) 0.998

RA, n (%) 121 (6.6) 13 (6.6) 1.000 10.89 20 (4.4) 13 (5.8) 0.57

RV diameter, mm, median (Q1–Q3) 20 (18-22) 21 (19-22) <0.001 12.83 20 (18–22)  20 (19–22) 0.06

LVEF, %, median (Q1–Q3) 68 (62–73) 66 (61–71) 0.71 9.08  66 (63–72) 66 (63–70) 0.54

IVS, mm, median (Q1–Q3) 19 (15–22) 12 (10–15) <0.001 6.70 17 (14–19) 13 (10–17) <0.001

Maximal wall thickness, mm, median 
(Q1–Q3)

19 (17–23) 16 (14–20) <0.001 5.56  18 (16–20) 17 (14–20) <0.001

LVOT obstruction, n (%) 975 (47.7) 30 (13.3) <0.001 0 168 (37.2) 30 (13.3) <0.001

Laboratory investigations

Log (NT-proBNP), fmol/l, median (Q1–Q3) 3.1 (2.8–3.4) 2.9 (2.7–3.1) <0.001 28.09 3.1 (2.8–3.1) 3.0 (2.8–3.1) 0.43

Creatinine, μmol/l, median (Q1–Q3) 76.9 (64.6–91.2) 77.9 (69.3–91.0) 0.37 5.91 79.3 (66.7–88.7) 79.5 (70.8–89.4) 0.45

Medicine at baseline

Beta-blocker, n (%) 1578 (77.5) 188 (83.6) 0.04 0.26 342 (75.7) 189 (83.6) 0.02

Ca2+ antagonists, n (%) 451 (22.2) 77 (34.2) <0.001 0.67 112 (24.8) 77 (34.1) 0.01

Aspirin, n (%) 829 (40.7) 168 (74.7) <0.001 0.26 221 (48.9) 168 (74.3) <0.001

Warfarin, n (%) 208 (10.2) 22 (9.8) 0.93 0.26 36 (8.0) 22 (9.7) 0.53

Cordarone, n (%) 120 (5.9) 9 (4.0) 0.31 0.26 21 (4.6) 9 (4.0) 0.84

Endpoints

All-cause mortality, n (%) 335 (16.4) 18 (8.0) 0.001 0 64 (14.2) 18 (8.0) 0.03

Cardiovascular mortality/cardiac transplan-
tation, n (%)

196 (9.6) 9 (4.0) 0.008 0 34 (7.5) 9 (4.0) 0.11

SCD, n (%) 91 (4.5) 3 (1.3) 0.04 0 19 (4.2) 3 (1.3) 0.08

Data are presented as number (percentage) or median (Q1–Q3)

Abbreviations: AHCM, apical hypertrophic cardiomyopathy; DBP, diastolic blood pressure; FHCM, familial hypertrophic cardiomyopathy; IVS, interventricular septum; LA, left 
atrial; LBBB, left bundle branch block; LV, left ventricular; LVEF, left ventricular ejection fraction; NSVT, non-sustained ventricular tachycardia; NT-proBNP, N-terminal pro-B-type 
natriuretic peptide; NYHA, New York Heart Association; RBBB, right bundle branch block; RV, right ventricular; VT, ventricular tachycardia
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natriuretic peptide; NYHA, New York Heart Association; RBBB, right bundle branch block; RV, right ventricular; VT, ventricular tachycardia
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Figure 1. Kaplan–Meier curves for the unmatched cohort. A. All-cause mortality. B. Cardiovascular mortality/cardiac transplantation.  
C. Sudden cardiac death
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Figure 2. Kaplan–Meier curves for the matched cohort. A. All-cause mortality. B. Cardiovascular mortality/cardiac transplantation. C. Sudden 
cardiac death
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Table 2. Multivariable Cox regression for primary all-cause mortality of the unmatched and the propensity score matched cohort

Variables Unmatched cohort Matched cohort

HR 95% CI P-value HR 95% CI P-value

AHCM 0.608 0.323–1.147 0.13 0.461 0.271–0.784 0.004

Age 1.032 1.020–1.044 <0.001 1.040 1.022–1.059 <0.001

Ventricular arrhythmias 0.878 0.487–1.585 0.67 1.672 0.888–3.146 0.11

RA 0.571 0.299–1.089 0.09 0.224 0.030–1.688 0.15

LVEF 0.965 0.952–0.978 <0.001 0.976 0.953–0.999 0.04

Log (NT-proBNP) 3.658 2.581–5.184 <0.001 7.181 3.767–13.687 <0.001

NSVT 2.534 0.995–6.456 0.051 — — —

Atrial fibrillation 1.220 0.850–1.752 0.28 — — —

DBP 0.986 0.974–0.997 0.02 — — —

QT 0.995 0.992–0.998 <0.001 — — —

LV diameter 1.003 0.978–1.029 0.80 — — —

Betablocker 0.593 0.417–0.842 0.003 — — —

Concordance 0.797 0.730

Abbreviations: CI, confidence interval; HR, hazard ratio; RA, right atrial; other — see Table 1

Table 3. Multivariable Cox regression for cardiovascular mortality/cardiac transplantation of the unmatched and the propensity score 
matched cohort

Variables Unmatched cohort Matched cohort

HR 95% CI P-value HR 95% CI P-value

AHCM 0.506 0.218–1.178 0.11 0.506 0.239–1.069 0.07

Male 1.015 0.685–1.505 0.94 0.485 0.260–0.904 0.02

Ventricular arrhythmias 0.991 0.522–1.882 0.98 2.318 1.064–5.052 0.03

Ca2+ antagonists 1.132 0.728–1.760 0.58 0.536 0.254–1.131 0.10

Log (NT-pro-BNP) 3.168 2.091–4.799 <0.001 10.114 4.085–25.045 <0.001

LVEF 0.956 0.939–0.973 <0.001 — — —

Creatinine 1.002 1.000–1.004 0.03 — — —

QTc — — — 1.007 1.002–1.013 0.01

Concordance 0.789 0.753

Abbreviations: see Tables 1 and 2

Table 4. Multivariable Cox regression for sudden cardiac death of the unmatched and the propensity score matched cohort

Variables Unmatched cohort Matched cohort

HR 95% CI P-value HR 95% CI P-value

AHCM 0.189 0.025–1.403 0.10 — — —

DBP 0.982 0.960–1.004 0.11 0.955 0.920–0.992 0.02

QT 0.999 0.988–1.009 0.79 1.008 0.998–1.018 0.12

LV diameter 1.057 1.014–1.102 0.01 1.067 1.014–1.123 0.01

RV diameter 0.703 0.229–2.162 0.54 0.876 0.755–1.016 0.08

Log (NT-pro-BNP) 3.042 1.054–6.152 0.002 5.142 1.030–25.670 0.046

Ventricular arrhythmias — — — 2.467 0.885–6.881 0.08

LBBB — — — 8.654 1.665–44.993 0.01

IVS — — — 1.126 1.035–1.226 0.006

Ca2+ antagonists — — — 0.313 0.102–0.962 0.04

Concordance 0.769 0.816

Abbreviations: see Tables 1 and 2
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Figure 3. Forest plots of 
subgroup analyses.  
A. All-cause mortality.  
B. Cardiovascular mortali-
ty/cardiac transplantation. 
C. Sudden cardiac death. 
The forest plots showing 
the difference of AHCM on 
the prognosis of HCM in 
different populations and 
different outcomes
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(NT-proBNP) >3. In the cardiovascular mortality/cardiac 
transplantation group, AHCM was also a protective pre-
dictor in the subgroups of male patients, with NYHA class 
I-II, LV diameter≤50 mm (Figure 3b), and, additionally, in 
the SCD subgroups aged > 60 years and with LV diameter 
≤50 mm (Figure 3c).

DISCUSSION
To the best of our knowledge, this is one of the largest 
cohort studies of HCM in China. In our study, both in the 
matched and unmatched cohorts, we found that AHCM 
patients had a favorable prognosis, with lower all-cause 
mortality, cardiovascular mortality/cardiac transplanta-
tion, and SCD. According to the Cox proportional hazard 
regression model, AHCM was an independent prognos-
tic predictor of all-cause mortality and an univariable 
prognostic predictor of cardiovascular mortality/cardiac 
transplantation and SCD in HCM. However, AHCM was 
not significant in multivariable Cox regression models for 
cardiovascular mortality/cardiac transplantation and SCD. 
Eventually, the subgroup analysis showed that in each 
subgroup AHCM was consistently a protective predictor 
of all-cause mortality, cardiovascular mortality/cardiac 
transplantation, and SCD.

Generally, the incidence of AHCM is relatively low, 
which is 3%–25% of HCM [3, 4, 20]. In our study, AHCM 
patients accounted for 10% of all HCM patients, which 
was similar to Western countries (1%–11%) but lower 
than reported in Japan (13%–25%) [3, 4, 21]. Compared 
with classical HCM, AHCM is more sporadic, with lower 
frequency of sarcomere mutations, more atrial fibrillation 
(AF), and different risk factors for SCD [20, 22, 23]. There 
are no strong specific recommendations to guide AHCM 
diagnosis, family screening, and patient risk stratification 
[19]. In our study, similar to previous results, AHCM patients 
had less familial HCM. AF, which was the most frequent 
morbid event in AHCM compared with other arrhythmias, 
was not significantly different in AHCM and non-AHCM. 
Additionally, ventricular arrhythmias and ventricular tachy-
cardia were rarer in AHCM, which may be the reason for 
better AHCM prognosis in our study. Previous studies have 
also reported that malignant ventricular arrhythmias and 
mortality are associated with apical aneurysms in AHCM 
patients in Western countries, compared with a 2% inci-
dence of apical aneurysms in HCM patients and a 13%–15% 
incidence of apical aneurysms in AHCM patients [24–26]. 
In our study, apical ventricular aneurysm was present in 
only a few patients, which may be another reason for the 
favorable prognosis in AHCM. Moreover, the extent of 
myocardial hypertrophy is also an important prognostic 
factor in AHCM patients [10, 20, 27]. In this study, both IVS 
thickness and maximal LV wall thickness of AHCM were 
smaller than those of non-AHCM, and left ventricular out-
flow tract obstruction was less common, which may also 
contribute to the favorable prognosis in AHCM.

In our study, the Cox proportional hazard regression 
model showed that AHCM was an independent prog-
nostic predictor of all-cause mortality and an univariable 
protective predictor of cardiovascular mortality/cardiac 
transplantation and SCD in HCM. To better investigate the 
effect of AHCM on the prognosis in HCM, we performed 
a subgroup analysis, and the results suggested that AHCM 
was invariably a protective predictor of all-cause mortality 
in the following subgroups: males, NYHA class I–II, age 
≤60 years, LV diameter ≤50 mm, LVEF >55%, and Log 
(NT-proBNP) >3. In the case of cardiovascular mortality/car-
diac transplantation, AHCM was also a protective predictor 
of SCD in these subgroups: male, NYHA class I–II, and LV 
diameter ≤50 mm subgroups, as well as in the age >60 years 
and LV diameter ≤50 mm. 

Regarding long-term AHCM prognosis, most research 
has shown that AHCM usually has a favorable prognosis 
[4–10]. A meta-analysis showed that annual mortality in 
AHCM was lower than that in non-AHCM patients (0.81% 
to 1.55%) [28, 29]. Furthermore, Eriksson et al., in their 
retrospective study of 105 North American ACHM patients 
followed up for 15 years found that there were no SCD and 
that cardiovascular mortality was 1.9% [5]. Kim et al. [30] 
used the inverse probability of treatment weighted method 
and the propensity score matching method to compare the 
long-term outcomes of all-cause and cardiac mortality rates 
between AHCM and asymmetric HCM [30], and the results 
showed that the all-cause mortality rates of AHCM and 
asymmetric HCM were similar. However, AHCM had lower 
cardiovascular mortality [30]. Zadok et al. [28] evaluated 
the risk of SCD in AHCM patients based on the HCM Risk-
SCD 5-year prediction model, and the results showed that 
AHCM had a lower 5-year SCD risk [28].

In our study, the annual all-cause mortality rates of 
AHCM and non-AHCM were 0.1% and 2.6%, respectively. 
The annual rate of cardiovascular mortality/cardiac trans-
plantation in AHCM was 0.07%, and that in non-AHCM was 
1.5%. For SCD,  annual mortality in AHCM was 0.02% and 
non-AHCM was 0.7%. The Kaplan–Meier curves showed 
that AHCM had lower all-cause mortality, cardiovascular 
mortality/cardiac transplantation, and SCD both before and 
after matching. However, Moon et al. [4] and Klarich et al. 
[10] reported that AHCM prognosis was not as favorable as 
previously reported. Meanwhile, recent data have shown 
that the annual cardiovascular mortality rate in AHCM is 
0.5% to 4%, approaching that of classic HCM [17]. Notably, 
an earlier study reported that one-third of AHCM patients 
in Western countries may develop adverse clinical events 
and potentially life-threatening complications such as 
myocardial infarction, ventricular arrhythmias, and stroke 
[5, 24]. Similarly, ACHM patients in our study still experi-
enced ventricular arrhythmias and SCD, but there were 
fewer patients than those with non-AHCM. Altogether, 
combining the results of all studies, most of these studies 
concluded that ACHM patients had a favorable prognosis 
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(NT-proBNP) >3. In the cardiovascular mortality/cardiac 
transplantation group, AHCM was also a protective pre-
dictor in the subgroups of male patients, with NYHA class 
I-II, LV diameter≤50 mm (Figure 3b), and, additionally, in 
the SCD subgroups aged > 60 years and with LV diameter 
≤50 mm (Figure 3c).

DISCUSSION
To the best of our knowledge, this is one of the largest 
cohort studies of HCM in China. In our study, both in the 
matched and unmatched cohorts, we found that AHCM 
patients had a favorable prognosis, with lower all-cause 
mortality, cardiovascular mortality/cardiac transplanta-
tion, and SCD. According to the Cox proportional hazard 
regression model, AHCM was an independent prognos-
tic predictor of all-cause mortality and an univariable 
prognostic predictor of cardiovascular mortality/cardiac 
transplantation and SCD in HCM. However, AHCM was 
not significant in multivariable Cox regression models for 
cardiovascular mortality/cardiac transplantation and SCD. 
Eventually, the subgroup analysis showed that in each 
subgroup AHCM was consistently a protective predictor 
of all-cause mortality, cardiovascular mortality/cardiac 
transplantation, and SCD.

Generally, the incidence of AHCM is relatively low, 
which is 3%–25% of HCM [3, 4, 20]. In our study, AHCM 
patients accounted for 10% of all HCM patients, which 
was similar to Western countries (1%–11%) but lower 
than reported in Japan (13%–25%) [3, 4, 21]. Compared 
with classical HCM, AHCM is more sporadic, with lower 
frequency of sarcomere mutations, more atrial fibrillation 
(AF), and different risk factors for SCD [20, 22, 23]. There 
are no strong specific recommendations to guide AHCM 
diagnosis, family screening, and patient risk stratification 
[19]. In our study, similar to previous results, AHCM patients 
had less familial HCM. AF, which was the most frequent 
morbid event in AHCM compared with other arrhythmias, 
was not significantly different in AHCM and non-AHCM. 
Additionally, ventricular arrhythmias and ventricular tachy-
cardia were rarer in AHCM, which may be the reason for 
better AHCM prognosis in our study. Previous studies have 
also reported that malignant ventricular arrhythmias and 
mortality are associated with apical aneurysms in AHCM 
patients in Western countries, compared with a 2% inci-
dence of apical aneurysms in HCM patients and a 13%–15% 
incidence of apical aneurysms in AHCM patients [24–26]. 
In our study, apical ventricular aneurysm was present in 
only a few patients, which may be another reason for the 
favorable prognosis in AHCM. Moreover, the extent of 
myocardial hypertrophy is also an important prognostic 
factor in AHCM patients [10, 20, 27]. In this study, both IVS 
thickness and maximal LV wall thickness of AHCM were 
smaller than those of non-AHCM, and left ventricular out-
flow tract obstruction was less common, which may also 
contribute to the favorable prognosis in AHCM.

In our study, the Cox proportional hazard regression 
model showed that AHCM was an independent prog-
nostic predictor of all-cause mortality and an univariable 
protective predictor of cardiovascular mortality/cardiac 
transplantation and SCD in HCM. To better investigate the 
effect of AHCM on the prognosis in HCM, we performed 
a subgroup analysis, and the results suggested that AHCM 
was invariably a protective predictor of all-cause mortality 
in the following subgroups: males, NYHA class I–II, age 
≤60 years, LV diameter ≤50 mm, LVEF >55%, and Log 
(NT-proBNP) >3. In the case of cardiovascular mortality/car-
diac transplantation, AHCM was also a protective predictor 
of SCD in these subgroups: male, NYHA class I–II, and LV 
diameter ≤50 mm subgroups, as well as in the age >60 years 
and LV diameter ≤50 mm. 

Regarding long-term AHCM prognosis, most research 
has shown that AHCM usually has a favorable prognosis 
[4–10]. A meta-analysis showed that annual mortality in 
AHCM was lower than that in non-AHCM patients (0.81% 
to 1.55%) [28, 29]. Furthermore, Eriksson et al., in their 
retrospective study of 105 North American ACHM patients 
followed up for 15 years found that there were no SCD and 
that cardiovascular mortality was 1.9% [5]. Kim et al. [30] 
used the inverse probability of treatment weighted method 
and the propensity score matching method to compare the 
long-term outcomes of all-cause and cardiac mortality rates 
between AHCM and asymmetric HCM [30], and the results 
showed that the all-cause mortality rates of AHCM and 
asymmetric HCM were similar. However, AHCM had lower 
cardiovascular mortality [30]. Zadok et al. [28] evaluated 
the risk of SCD in AHCM patients based on the HCM Risk-
SCD 5-year prediction model, and the results showed that 
AHCM had a lower 5-year SCD risk [28].

In our study, the annual all-cause mortality rates of 
AHCM and non-AHCM were 0.1% and 2.6%, respectively. 
The annual rate of cardiovascular mortality/cardiac trans-
plantation in AHCM was 0.07%, and that in non-AHCM was 
1.5%. For SCD,  annual mortality in AHCM was 0.02% and 
non-AHCM was 0.7%. The Kaplan–Meier curves showed 
that AHCM had lower all-cause mortality, cardiovascular 
mortality/cardiac transplantation, and SCD both before and 
after matching. However, Moon et al. [4] and Klarich et al. 
[10] reported that AHCM prognosis was not as favorable as 
previously reported. Meanwhile, recent data have shown 
that the annual cardiovascular mortality rate in AHCM is 
0.5% to 4%, approaching that of classic HCM [17]. Notably, 
an earlier study reported that one-third of AHCM patients 
in Western countries may develop adverse clinical events 
and potentially life-threatening complications such as 
myocardial infarction, ventricular arrhythmias, and stroke 
[5, 24]. Similarly, ACHM patients in our study still experi-
enced ventricular arrhythmias and SCD, but there were 
fewer patients than those with non-AHCM. Altogether, 
combining the results of all studies, most of these studies 
concluded that ACHM patients had a favorable prognosis 
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compared with other forms of HCM, but not for all AHCM 
patients [4, 10, 31]. Therefore, it is necessary to consider 
and manage ACHM patients clinically. 

Current management of HCM focuses on symptom 
relief, risk stratification, prevention of sudden cardiac death, 
and family screening [32, 33]. Medical therapy for apical 
HCM patients is similar to that for typical HCM patients 
[3, 16]. Currently, mavacamten, a first-class, selective, and 
reversible β-myosin allosteric inhibitor, which can inhibit 
the binding of myosin and actin and reduce the number 
of actin-myosin cross-bridges, has been shown to improve 
NYHA class, health status, cardiac biomarkers, and cardiac 
structure of patients [33, 34], but mainly for obstructive 
HCM. However, ACHM patients are less likely to have LVOT 
obstruction. Therefore, better clinical treatment of AHCM 
is expected.

In this cohort study, there were numerous covariate 
imbalances, and the number of patients in the AHCM 
group was significantly different from that in the non- 
-AHCM group before matching. This can make the accuracy 
of unmatched cohort results questionable. Therefore, to 
adjust for potential confounding bias in the clinical features 
of AHCM and non-AHCM patients, we used 1:2 propen-
sity score matching. Our results showed that the AHCM 
prognosis was favorable both before and after matching, 
which was consistent with most previous studies. Given 
the diversity of prognoses in AHCM in different studies, 
its role in HCM risk stratification should not be disregard-
ed. Furthermore, the incidence of AHCM is low, and the 
lack of risk predictors and guidelines makes it a clinical 
challenge to predict which patients are at risk for adverse 
events. Therefore, more and larger studies are required to 
explore the prognosis in AHCM and reach a consensus or 
issue guidelines.

Study limitations
There are some limitations to this study. First, this is 
a multicenter cohort study with patients from 13 tertiary 
centers, so there may be some heterogeneity among the 
different hospitals. Second, genetic testing of patients 
was not performed in our study, so differences in gene 
mutations between AHCM and non-AHCM could not be 
investigated. Third, LGE is closely related to the prognosis in 
cardiomyopathy, but there were too many missing data in 
this study, making it impossible to compare LGE outcomes 
between the two groups in this study. Fourth, depending 
on the pattern of hypertrophy, AHCM has been described 
as “pure AHCM” and “mixed AHCM”, but in our study, we 
did not distinguish between them. Finally, the medications 
were only recorded during the in-hospital treatment of the 
patients, and no follow-up data were recorded, which we 
did not further analyze in our study.

CONCLUSION
Patients with AHCM have a favorable prognosis, with 
lower all-cause mortality, cardiovascular mortality/cardiac 

transplantation, and SCD both before and after matching. 
Furthermore, AHCM was an independent prognostic pre-
dictor of all-cause mortality and an univariable prognostic 
predictor of cardiovascular mortality/ cardiac transplanta-
tion and SCD in HCM patients. 
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compared with other forms of HCM, but not for all AHCM 
patients [4, 10, 31]. Therefore, it is necessary to consider 
and manage ACHM patients clinically. 

Current management of HCM focuses on symptom 
relief, risk stratification, prevention of sudden cardiac death, 
and family screening [32, 33]. Medical therapy for apical 
HCM patients is similar to that for typical HCM patients 
[3, 16]. Currently, mavacamten, a first-class, selective, and 
reversible β-myosin allosteric inhibitor, which can inhibit 
the binding of myosin and actin and reduce the number 
of actin-myosin cross-bridges, has been shown to improve 
NYHA class, health status, cardiac biomarkers, and cardiac 
structure of patients [33, 34], but mainly for obstructive 
HCM. However, ACHM patients are less likely to have LVOT 
obstruction. Therefore, better clinical treatment of AHCM 
is expected.

In this cohort study, there were numerous covariate 
imbalances, and the number of patients in the AHCM 
group was significantly different from that in the non- 
-AHCM group before matching. This can make the accuracy 
of unmatched cohort results questionable. Therefore, to 
adjust for potential confounding bias in the clinical features 
of AHCM and non-AHCM patients, we used 1:2 propen-
sity score matching. Our results showed that the AHCM 
prognosis was favorable both before and after matching, 
which was consistent with most previous studies. Given 
the diversity of prognoses in AHCM in different studies, 
its role in HCM risk stratification should not be disregard-
ed. Furthermore, the incidence of AHCM is low, and the 
lack of risk predictors and guidelines makes it a clinical 
challenge to predict which patients are at risk for adverse 
events. Therefore, more and larger studies are required to 
explore the prognosis in AHCM and reach a consensus or 
issue guidelines.

Study limitations
There are some limitations to this study. First, this is 
a multicenter cohort study with patients from 13 tertiary 
centers, so there may be some heterogeneity among the 
different hospitals. Second, genetic testing of patients 
was not performed in our study, so differences in gene 
mutations between AHCM and non-AHCM could not be 
investigated. Third, LGE is closely related to the prognosis in 
cardiomyopathy, but there were too many missing data in 
this study, making it impossible to compare LGE outcomes 
between the two groups in this study. Fourth, depending 
on the pattern of hypertrophy, AHCM has been described 
as “pure AHCM” and “mixed AHCM”, but in our study, we 
did not distinguish between them. Finally, the medications 
were only recorded during the in-hospital treatment of the 
patients, and no follow-up data were recorded, which we 
did not further analyze in our study.

CONCLUSION
Patients with AHCM have a favorable prognosis, with 
lower all-cause mortality, cardiovascular mortality/cardiac 

transplantation, and SCD both before and after matching. 
Furthermore, AHCM was an independent prognostic pre-
dictor of all-cause mortality and an univariable prognostic 
predictor of cardiovascular mortality/ cardiac transplanta-
tion and SCD in HCM patients. 
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A B S T R A C T
Background: Percutaneous coronary intervention in high-risk patients (HRPCI) is associated with 
increased risk of complications. Mechanical circulatory support devices, including intra-aortic balloon 
pump (IABP) may bridge patient safely throughout the procedure.

Aim: We aimed to describe hemodynamic effects of larger (MEGA) compared to standard (STRD) 
volume IABP or no balloon control group (CTRL) during HRPCI. 

Methods: In this single-center, open-label randomized controlled trial HRPCI were randomly 
assigned to three groups according to planned hemodynamic support: MEGA, STDR and CTRL in 
a 1:1:1 scheme. Screening failure patients formed registry (REG). We analyzed data from pulmonary 
artery catheter especially cardiac output and cardiac power output (CPO) with Fick method and 
pulmonary artery wedge pressure (PCWP), as well as left ventricle systolic pressure (LVSP) with 
PIGTAIL catheter. We also calculated endocardial viability ratio (EVR) and analyzed pressure tracings 
from the IABP console. We compared baseline and on-support values. Final hemodynamic analysis 
was done on per-treatment basis, including REG patients.

Results: A total of 47 patients were analyzed (16 MEGA, 10 STRD and 21 CTRL). Compared to CTRL 
we found significant increase from baseline to on-support value for cardiac output and CPO in the 
MEGA, but not in the STRD group. The change in EVR (increase) and in LVSP (decrease) was significant 
equally in MEGA and STRD vs. CTRL group, but PCWP did not change significantly for both balloons 
vs. CTRL. Diastolic augmented pressure with IABP was higher in MEGA than STRD and was positively 
correlated with systolic unloading. 

Conclusions: We observed more favorable hemodynamic effects of larger compared to standard 
volume balloon.

Key words: complex high-risk and indicated patients, high-risk percutaneous coronary intervention, 
intra-aortic balloon pump, pulmonary artery catheter, right heart catheterization
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INTRODUCTION
Percutaneous coronary intervention (PCI) in 
patients with many well-known clinical, ana-
tomical, and procedural risk factors, so called 
complex high-risk and indicated patients 
(CHIP) is associated with higher risk of com-
plications [1, 2]. Percutaneous mechanical cir-
culatory support devices (MCS) are often used 
to decease this risk — the strategy named 

“protected PCI” [3]. However, randomized data 
do not show clear benefit of this practice, so 
guidelines give only a weak indication for it 
use [4, 5]. Of the 3 widely available systems, 
the intraaortic balloon pump (IABP) is the 
least potent, but at the same time less invasive 
and cheaper than hemodynamically more 
effective but larger devices, like percutaneous 
axial flow pump (AFP) Impella (2.5/CP) or even 
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W H A T ’ S  N E W ?
Percutaneous coronary intervention in high-risk patients is frequently protected with mechanical circulatory support. Despite 
increasing use of more powerful devices, like Impella, the proof for their superiority in reduction of hard clinical endpoints is 
lacking. Our detailed assessment of data from right and left heart catheterization and arterial pressure tracings, including index of 
oxygen delivery and consumption (endocardial viability ratio) during high-risk coronary intervention demonstrate that intraaortic 
balloon of higher volume may have more favorable hemodynamic profile than standard balloon and hence might be a cheaper 
alternative to more potent but expensive devices for this indication.

more aggressive extracorporeal membrane oxygenator 
[6]. Currently the Impella pump is being increasingly used 
for high-risk PCI (HRPCI) [7], but due to high cost, poor 
availability, and complications rate, IABP is not complete-
ly abandoned by many operators worldwide. The larger 
volume type balloon was not well studied so far and the-
oretically may have more favorable hemodynamic profile 
than standard one. 

In our previous work we were able to show that it might 
be more effective in reducing hemodynamic instability 
during HRPCI without effect on major adverse cardiovas-
cular events (MACE) and safety endpoints compared to 
standard balloon or no-balloon control group [8]. Now, 
we aimed to describe in detail the effects of larger volume 
balloon by analyzing the additional hemodynamic data 
obtained during that study by right (RHC) and left heart 
catheterization (LHC).

METHODS
The hemodynamic data for the present analysis come from 
an already published study from a large academic tertiary 
center [8]. Study methodology was presented in detail 
previously, so they need only to be briefly mentioned. We 
included patients if they were rejected from coronary artery 
bypass grafting by Heart Team because of advanced age 
or many comorbidities and had left ventricular ejection 
fraction (EF) equal of less than 35% with significant un-
protected left main stenosis, multivessel or last remaining 
vessel disease. The main exclusions were: 1) acute coronary 
syndrome of less than 48 hours before PCI; 2) cardiogenic 
shock; 3) acute stoke or 4) contraindications to IABP place-
ment e.g., due to severe peripheral arterial disease (PAD) or 
5) contraindications to dual antiplatelet therapy. 

Our study was prospective and randomized. Eligible 
patients were randomized in 1:1:1 ratio using multiple 
permuted blocks utilizing online tool to one of the three 
study groups: 1) PCI without any MCS (CTRL); 2) PCI with 
a standard volume IABP (STRD): 40 cc >162 cm and 34 cc 
<162 cm; 3) PCI with a larger volume IABP (MEGA): 50 cc 
>162 cm and 40 cc <162 cm. Screening failure patients were 
assigned to registry (REG). Before PCI, RHC with pulmonary 
artery catheter (PAC) and LHC with PIGTAIL catheter were 
done. During PCI invasive, uninterrupted blood pressure 
tracing was taken from independent (usually radial) arterial 
catheter. From PAC standard hemodynamic values were 

obtained including cardiac output (CO) and index (CI) by 
the Fick principle, cardiac power output (CPO), which was 
calculated as mean arterial pressure (mm Hg) times CO 
(l/min) divided by 451 to express value in (W), as well as pul-
monary artery wedge pressure (PCWP), stroke volume (SV) 
and mixed venous oxygen saturation (SvO2). LHC was done 
to access left ventricular systolic (LVSP) and end-diastolic 
pressures (LVEDP), contractility (product od pressure and 
time – dP/dt) and endocardial viability ratio (EVR), which is 
an indirect measure of the balance between oxygen supply 
and demand of the left ventricle [9]. To calculate EVR the 
area between diastolic aortic and LVEDP (diastolic pressure 
time index) is divided by the area under LVSP (tension time 
index TTI), which is illustrated in Figure 1. 

We also analyzed data from IABP console set in 
1:2 mode (Figure 2). On the aortic pressure curve, it can 
be seen, among others, augmented diastolic pressure (D) 
when balloon inflates and systolic unloading (B–F) i.e., the 
drop of systolic pressure after balloon deflation.

All interventions were done by two experienced op-
erators aiming at achieving complete revascularization 
based on viability testing and optimal angiographic 
result implanting 2nd generation drug eluting stents 
(DES) and using rotational atherectomy and intravascular 
ultrasound as needed. Procedural success was defined as 
combined: residual stenosis of less than 30%, TIMI 3 flow, 
and no major complications. Patient received periproce-
dural pharmacotherapy and general care according to 
existing guidelines. The protocol was approved by the 
Jagiellonian University Ethics Committee (decision num-
ber 122.6110.63.2016) and was done in accordance with 
Declaration of Helsinki. Signed, written, informed consent 
was obtained from every patient.

Statistical analysis
We used all available data obtained from the whole cohort 
of patients included in the study and categorized according 
to final hemodynamic support implemented (per-treat-
ment analysis). Categorical variables were presented as 
counts and percentages, and continuous variables were 
presented as mean with standard deviation or median with 
the first and the third quartile as appropriate. Normality was 
assessed using the Shapiro–Wilk test. Equality of variances 
was tested using the Levene test. Comparisons of contin-
uous variables were preformed using analysis of variance 
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oxygen delivery and consumption (endocardial viability ratio) during high-risk coronary intervention demonstrate that intraaortic 
balloon of higher volume may have more favorable hemodynamic profile than standard balloon and hence might be a cheaper 
alternative to more potent but expensive devices for this indication.

more aggressive extracorporeal membrane oxygenator 
[6]. Currently the Impella pump is being increasingly used 
for high-risk PCI (HRPCI) [7], but due to high cost, poor 
availability, and complications rate, IABP is not complete-
ly abandoned by many operators worldwide. The larger 
volume type balloon was not well studied so far and the-
oretically may have more favorable hemodynamic profile 
than standard one. 

In our previous work we were able to show that it might 
be more effective in reducing hemodynamic instability 
during HRPCI without effect on major adverse cardiovas-
cular events (MACE) and safety endpoints compared to 
standard balloon or no-balloon control group [8]. Now, 
we aimed to describe in detail the effects of larger volume 
balloon by analyzing the additional hemodynamic data 
obtained during that study by right (RHC) and left heart 
catheterization (LHC).

METHODS
The hemodynamic data for the present analysis come from 
an already published study from a large academic tertiary 
center [8]. Study methodology was presented in detail 
previously, so they need only to be briefly mentioned. We 
included patients if they were rejected from coronary artery 
bypass grafting by Heart Team because of advanced age 
or many comorbidities and had left ventricular ejection 
fraction (EF) equal of less than 35% with significant un-
protected left main stenosis, multivessel or last remaining 
vessel disease. The main exclusions were: 1) acute coronary 
syndrome of less than 48 hours before PCI; 2) cardiogenic 
shock; 3) acute stoke or 4) contraindications to IABP place-
ment e.g., due to severe peripheral arterial disease (PAD) or 
5) contraindications to dual antiplatelet therapy. 

Our study was prospective and randomized. Eligible 
patients were randomized in 1:1:1 ratio using multiple 
permuted blocks utilizing online tool to one of the three 
study groups: 1) PCI without any MCS (CTRL); 2) PCI with 
a standard volume IABP (STRD): 40 cc >162 cm and 34 cc 
<162 cm; 3) PCI with a larger volume IABP (MEGA): 50 cc 
>162 cm and 40 cc <162 cm. Screening failure patients were 
assigned to registry (REG). Before PCI, RHC with pulmonary 
artery catheter (PAC) and LHC with PIGTAIL catheter were 
done. During PCI invasive, uninterrupted blood pressure 
tracing was taken from independent (usually radial) arterial 
catheter. From PAC standard hemodynamic values were 

obtained including cardiac output (CO) and index (CI) by 
the Fick principle, cardiac power output (CPO), which was 
calculated as mean arterial pressure (mm Hg) times CO 
(l/min) divided by 451 to express value in (W), as well as pul-
monary artery wedge pressure (PCWP), stroke volume (SV) 
and mixed venous oxygen saturation (SvO2). LHC was done 
to access left ventricular systolic (LVSP) and end-diastolic 
pressures (LVEDP), contractility (product od pressure and 
time – dP/dt) and endocardial viability ratio (EVR), which is 
an indirect measure of the balance between oxygen supply 
and demand of the left ventricle [9]. To calculate EVR the 
area between diastolic aortic and LVEDP (diastolic pressure 
time index) is divided by the area under LVSP (tension time 
index TTI), which is illustrated in Figure 1. 

We also analyzed data from IABP console set in 
1:2 mode (Figure 2). On the aortic pressure curve, it can 
be seen, among others, augmented diastolic pressure (D) 
when balloon inflates and systolic unloading (B–F) i.e., the 
drop of systolic pressure after balloon deflation.

All interventions were done by two experienced op-
erators aiming at achieving complete revascularization 
based on viability testing and optimal angiographic 
result implanting 2nd generation drug eluting stents 
(DES) and using rotational atherectomy and intravascular 
ultrasound as needed. Procedural success was defined as 
combined: residual stenosis of less than 30%, TIMI 3 flow, 
and no major complications. Patient received periproce-
dural pharmacotherapy and general care according to 
existing guidelines. The protocol was approved by the 
Jagiellonian University Ethics Committee (decision num-
ber 122.6110.63.2016) and was done in accordance with 
Declaration of Helsinki. Signed, written, informed consent 
was obtained from every patient.

Statistical analysis
We used all available data obtained from the whole cohort 
of patients included in the study and categorized according 
to final hemodynamic support implemented (per-treat-
ment analysis). Categorical variables were presented as 
counts and percentages, and continuous variables were 
presented as mean with standard deviation or median with 
the first and the third quartile as appropriate. Normality was 
assessed using the Shapiro–Wilk test. Equality of variances 
was tested using the Levene test. Comparisons of contin-
uous variables were preformed using analysis of variance 
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or Kruskal–Wallis test as appropriate. Post hoc analysis, if 
necessary, was performed using Tukey’s HSD or the Steel-
Dwass test, as appropriate. Pearson’s or Spearman’s correla-
tion coefficients were calculated, as appropriate, based on 
the normality of the data. Fisher’s exact test or the χ2 test 
were used to compare distributions of nominal variables. 

Paired analysis was performed using the mixed effect 
models. For each analyzed variable, a mixed effect model 
was created with time point  of measurement as well as 
group as fixed effects and patient ID as a random effect 
— which allows for the correlation between two measure-
ments for the same patient to be taken into account. Then 
comparisons of patient-wise differences  between  time-
points across groups were performed.

All tests were two-sided, and P <0.05 was assumed to 
indicate statistical significance. All data management and 
analysis activities were performed using JMP 14.2 (2019, 
SAS Institute Inc., Cary, NC, US) and R 3.5.3 (R Core Team 
[2019]).

RESULTS
In the study period we were able to screen 47 patients, 
36 of which were randomized: 13 in MEGA, 14 in STDR and 
9 in CTRL group. 4 patients in STDR group and 1 patient 
in MEGA group did not receive IABP because of severely 
angulated and/or calcified femoral/iliac arteries precluded 
device placement. 11 patients were screening failures but 
were treated according to the study protocol (4 of them re-
ceived IABP of larger volume) and formed a REG. Ultimately, 
for the present study, we included all patients, randomized 
and from the registry and performed per-treatment anal-
ysis. Final cohort was composed of 47 subjects: 21 in CTR, 
10 in STD and 16 in MEGA group, as is illustrated in a study 
flow chart — Supplementary material, Figure S1. 

There were no significant baseline differences between 
the groups except for more frequent incidence of PAD in 
CTRL. The risk profile of the patients was very high with 
a mean EF of 32%, median Syntax Score of 38 points, 
median Euroscore II mortality risk of 6%, and median 

Figure 1. Calculation of EVR — in this example EVR was 0.76 off- vs. 1.71 on-support

Figure 2. Hemodynamic parameters taken from the IABP console (1:2 setting) 
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or Kruskal–Wallis test as appropriate. Post hoc analysis, if 
necessary, was performed using Tukey’s HSD or the Steel-
Dwass test, as appropriate. Pearson’s or Spearman’s correla-
tion coefficients were calculated, as appropriate, based on 
the normality of the data. Fisher’s exact test or the χ2 test 
were used to compare distributions of nominal variables. 

Paired analysis was performed using the mixed effect 
models. For each analyzed variable, a mixed effect model 
was created with time point  of measurement as well as 
group as fixed effects and patient ID as a random effect 
— which allows for the correlation between two measure-
ments for the same patient to be taken into account. Then 
comparisons of patient-wise differences  between  time-
points across groups were performed.

All tests were two-sided, and P <0.05 was assumed to 
indicate statistical significance. All data management and 
analysis activities were performed using JMP 14.2 (2019, 
SAS Institute Inc., Cary, NC, US) and R 3.5.3 (R Core Team 
[2019]).

RESULTS
In the study period we were able to screen 47 patients, 
36 of which were randomized: 13 in MEGA, 14 in STDR and 
9 in CTRL group. 4 patients in STDR group and 1 patient 
in MEGA group did not receive IABP because of severely 
angulated and/or calcified femoral/iliac arteries precluded 
device placement. 11 patients were screening failures but 
were treated according to the study protocol (4 of them re-
ceived IABP of larger volume) and formed a REG. Ultimately, 
for the present study, we included all patients, randomized 
and from the registry and performed per-treatment anal-
ysis. Final cohort was composed of 47 subjects: 21 in CTR, 
10 in STD and 16 in MEGA group, as is illustrated in a study 
flow chart — Supplementary material, Figure S1. 

There were no significant baseline differences between 
the groups except for more frequent incidence of PAD in 
CTRL. The risk profile of the patients was very high with 
a mean EF of 32%, median Syntax Score of 38 points, 
median Euroscore II mortality risk of 6%, and median 

Figure 1. Calculation of EVR — in this example EVR was 0.76 off- vs. 1.71 on-support

Figure 2. Hemodynamic parameters taken from the IABP console (1:2 setting) 
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BCIS-1 Jeopardy Score of 12.0. The overall success rate of 
PCI was 74.5%. The clinical data are presented in Table 1.

The results of hemodynamic measurements before 
and post-IABP placement (or after 15 min from base-
line in CTRL) obtained from PAC and LHC are shown in 
Table 2. There was significant difference in LVSP (MEGA 
112 vs. STRD 113 vs. CTRL 145 mm Hg; P <0.01) and EVR 
values (1.97 vs. 1.68 vs. 0.82, respectively; P <0.01) on-sup-
port between the groups. dP/dt value was also close to 
reach statistical significance. All other parameters did not 
differ, although CO, CI and CPO were numerically higher in 
MEGA than STRD or CTRL group.

Then, using paired analysis-mixed effect models, 
we assessed device specific change (i.e., the difference 

between first and second measurement) for all analyz-
ed hemodynamic parameters. We observed significant 
increase of on-support CO, CI, SV, CPO, and SvO2, as well 
as a decrease of dP/dt in respect to CTRL in the MEGA, 
but not in the STRD group. The change in EVR (increase) 
and in LVSP (decrease) was significant both in MEGA and 
STRD vs. CTRL group, but at the same time, PCWP did not 
changed significantly vs. CTRL either in MEGA or in STRD. 
Results are shown in Figure 3.

Finally, we compared balloon function parameters 
from the IABP console (as shown in Figure 2). We found 
that diastolic augmented pressure (D) was significantly 
greater in MEGA vs. STRD group (170.1 vs. 139.5 mm Hg; 
P = 0.02). Moreover, there was a trend towards higher di-

Table 1. Clinical, demographic, echocardiographic, angiographic and procedural data 

Variable MEGA STRD CTRL Total P-value

N (%) 16 (34) 10 (21) 21 (45) 47 (100) 0.81

Demographic data:

Age, years, mean (SD) 71.4 (8.4) 71.3 (11.5) 71.7 (10.1) 71.5 (9.7) 0.99

Male sex, n (%) 13 (81.3) 8 (80.0) 18 (85.7) 39 (82.9) 0.90

ACS, n (%) 11 (68.8) 3 (30.0) 8 (38.1) 22 (46.8) 0.08

Clinical symptoms:

CCS class 3/4, n (%) 10 (62.5) 7 (70.0) 10 (47.6) 27 (57.5) 0.56

NYHA class 3/4, n (%) 11 (68.8) 8 (80.0) 14 (66.7) 33 (70.2) 0.16

Medical history:

Hypertension, n (%) 16 (100.0) 10 (100.0) 20 (95.2) 46 (97.9) 0.44

Diabetes, n (%) 7 (43.8) 6 (60.0) 10 (47.6) 23 (48.9) 0.71

Smoking, n (%) 8 (53.3) 8 (80.0) 16 (76.2) 32 (69.6) 0.25

Previous MI, n (%) 8 (50.0) 6 (60.0) 13 (61.9) 27 (57.5) 0.76

Previous PCI, n (%) 5 (31.3) 4 (40.0) 7 (33.3) 16 (34.0) 0.90

Previous CABG, n (%) 2 (12.5) 1 (10.0) 2 (9.5) 5 (10.6) 0.96

Previous stroke, n (%) 2 (12.5) 0 (0.0) 6 (28.6) 8 (17.0) 0.11

Heart failure, n (%) 10 (62.5) 6 (60.0) 16 (76.2) 32 (68.1) 0.57

Atrial fibrillation, n (%) 5 (31.3) 5 (50.0) 6 (28.6) 16 (34.0) 0.48

Dyslipidemia, n (%) 13 (81.3) 6 (60.0) 15 (71.4) 34 (72.3) 0.54

CKD, n (%) 7 (43.8) 1 (10.0) 5 (23.8) 13 (27.7) 0.15

PAD, n (%) 6 (37.5) 0 (0.0) 11 (52.4) 17 (36.1) 0.004*

Echo examination:

EF, %, mean (SD) 33 (9) 29 (11) 33 (13) 32 (11) 0.67

Significant MR, n (%) 8 (50.0) 4 (40.0) 8 (38.1) 20 (42.6) 0.78

Risk scales:

Syntax score, median (Q1–Q3) 36.5 (29.1–49.6) 38.5 (29.6–43.0) 36.3 (27.8–45.5) 38.0 (29.0–44.5) 0.45

EuroScore II, median (Q1–Q3) 8 (4–14) 6 (2–8) 5 (4–15) 6 (3–12) 0.72

BCIS-1 JS, median (Q1–Q3) 12.0 (9.0–12.0) 12.0 (10.0–12.0) 12.0 (8.0–12.0) 12.0 (8.0–12.0) 0.24

Angiographic data:

Left main stenosis, n (%) 11 (68.8) 6 (60.00) 15 (71.43) 32 (68.09) 0.82

CTO, n (%) 12 (75.0) 9 (90.00) 17 (80.95) 38 (80.85) 0.64

PCI ≥2 vessels, n (%) 13 (81.3) 7 (70.00) 17 (80.95) 37 (78.72) 0.76

Radiation, mGy, median (Q1–Q3) 1819 (1295–3200) 1628 (1360–3603) 2067 (1566–3072) 1947 (1331–3173) 0.93

Contrast volume, ml, mean (SD) 317 (89) 310 (94) 295 (71) 305 (81) 0.88

No. of stents, median (Q1–Q3) 2.0 (1.0–3.0) 2.0 (1.0–2.3) 2.0 (1.5–2.5) 2.0 (1.0–3.0) 0.82

Rotablation, n (%) 2 (12.5) 3 (30.0) 5 (23.8) 10 (21.3) 0.53

IVUS usage, n (%) 3 (18.8) 5 (50.0) 5 (23.8) 13 (27.7) 0.21

PCI success, n (%) 11 (68.8) 8 (80.0) 16 (76.2) 35 (74.5) 0.07

Data are presented as numbers (n) and percentages (%), mean and standard deviation (SD) or median and interquartile range (IQR: Q1–Q3)
*Post-hoc analysis: MEGA vs. CTR P = 0.87; MEGA vs. STD P = 0.012; STD vs. CTR P = 0.11

Abbreviations: ACS, acute coronary syndrome; BCIS JS, British Cardiovascular Intervention Society Jeopardy Score; CABG, coronary artery bypass grafting; CCS, Canadian 
Cardiovascular Society; CKD, chronic kidney disease; CTO, chronic total occlusion; IVUS, intravascular ultrasound; MI, myocardial infarction; MR, mitral regurgitation;  
NYHA, New York Heart Association, PAD, peripheral arterial disease; PCI, percutaneous coronary intervention

K A R D I O L O G I A  P O L S K A

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a1260

BCIS-1 Jeopardy Score of 12.0. The overall success rate of 
PCI was 74.5%. The clinical data are presented in Table 1.

The results of hemodynamic measurements before 
and post-IABP placement (or after 15 min from base-
line in CTRL) obtained from PAC and LHC are shown in 
Table 2. There was significant difference in LVSP (MEGA 
112 vs. STRD 113 vs. CTRL 145 mm Hg; P <0.01) and EVR 
values (1.97 vs. 1.68 vs. 0.82, respectively; P <0.01) on-sup-
port between the groups. dP/dt value was also close to 
reach statistical significance. All other parameters did not 
differ, although CO, CI and CPO were numerically higher in 
MEGA than STRD or CTRL group.

Then, using paired analysis-mixed effect models, 
we assessed device specific change (i.e., the difference 

between first and second measurement) for all analyz-
ed hemodynamic parameters. We observed significant 
increase of on-support CO, CI, SV, CPO, and SvO2, as well 
as a decrease of dP/dt in respect to CTRL in the MEGA, 
but not in the STRD group. The change in EVR (increase) 
and in LVSP (decrease) was significant both in MEGA and 
STRD vs. CTRL group, but at the same time, PCWP did not 
changed significantly vs. CTRL either in MEGA or in STRD. 
Results are shown in Figure 3.

Finally, we compared balloon function parameters 
from the IABP console (as shown in Figure 2). We found 
that diastolic augmented pressure (D) was significantly 
greater in MEGA vs. STRD group (170.1 vs. 139.5 mm Hg; 
P = 0.02). Moreover, there was a trend towards higher di-

Table 1. Clinical, demographic, echocardiographic, angiographic and procedural data 

Variable MEGA STRD CTRL Total P-value

N (%) 16 (34) 10 (21) 21 (45) 47 (100) 0.81

Demographic data:

Age, years, mean (SD) 71.4 (8.4) 71.3 (11.5) 71.7 (10.1) 71.5 (9.7) 0.99

Male sex, n (%) 13 (81.3) 8 (80.0) 18 (85.7) 39 (82.9) 0.90

ACS, n (%) 11 (68.8) 3 (30.0) 8 (38.1) 22 (46.8) 0.08

Clinical symptoms:

CCS class 3/4, n (%) 10 (62.5) 7 (70.0) 10 (47.6) 27 (57.5) 0.56

NYHA class 3/4, n (%) 11 (68.8) 8 (80.0) 14 (66.7) 33 (70.2) 0.16

Medical history:

Hypertension, n (%) 16 (100.0) 10 (100.0) 20 (95.2) 46 (97.9) 0.44

Diabetes, n (%) 7 (43.8) 6 (60.0) 10 (47.6) 23 (48.9) 0.71

Smoking, n (%) 8 (53.3) 8 (80.0) 16 (76.2) 32 (69.6) 0.25

Previous MI, n (%) 8 (50.0) 6 (60.0) 13 (61.9) 27 (57.5) 0.76

Previous PCI, n (%) 5 (31.3) 4 (40.0) 7 (33.3) 16 (34.0) 0.90

Previous CABG, n (%) 2 (12.5) 1 (10.0) 2 (9.5) 5 (10.6) 0.96

Previous stroke, n (%) 2 (12.5) 0 (0.0) 6 (28.6) 8 (17.0) 0.11

Heart failure, n (%) 10 (62.5) 6 (60.0) 16 (76.2) 32 (68.1) 0.57

Atrial fibrillation, n (%) 5 (31.3) 5 (50.0) 6 (28.6) 16 (34.0) 0.48

Dyslipidemia, n (%) 13 (81.3) 6 (60.0) 15 (71.4) 34 (72.3) 0.54

CKD, n (%) 7 (43.8) 1 (10.0) 5 (23.8) 13 (27.7) 0.15

PAD, n (%) 6 (37.5) 0 (0.0) 11 (52.4) 17 (36.1) 0.004*

Echo examination:

EF, %, mean (SD) 33 (9) 29 (11) 33 (13) 32 (11) 0.67

Significant MR, n (%) 8 (50.0) 4 (40.0) 8 (38.1) 20 (42.6) 0.78

Risk scales:

Syntax score, median (Q1–Q3) 36.5 (29.1–49.6) 38.5 (29.6–43.0) 36.3 (27.8–45.5) 38.0 (29.0–44.5) 0.45

EuroScore II, median (Q1–Q3) 8 (4–14) 6 (2–8) 5 (4–15) 6 (3–12) 0.72

BCIS-1 JS, median (Q1–Q3) 12.0 (9.0–12.0) 12.0 (10.0–12.0) 12.0 (8.0–12.0) 12.0 (8.0–12.0) 0.24

Angiographic data:

Left main stenosis, n (%) 11 (68.8) 6 (60.00) 15 (71.43) 32 (68.09) 0.82

CTO, n (%) 12 (75.0) 9 (90.00) 17 (80.95) 38 (80.85) 0.64

PCI ≥2 vessels, n (%) 13 (81.3) 7 (70.00) 17 (80.95) 37 (78.72) 0.76

Radiation, mGy, median (Q1–Q3) 1819 (1295–3200) 1628 (1360–3603) 2067 (1566–3072) 1947 (1331–3173) 0.93

Contrast volume, ml, mean (SD) 317 (89) 310 (94) 295 (71) 305 (81) 0.88

No. of stents, median (Q1–Q3) 2.0 (1.0–3.0) 2.0 (1.0–2.3) 2.0 (1.5–2.5) 2.0 (1.0–3.0) 0.82

Rotablation, n (%) 2 (12.5) 3 (30.0) 5 (23.8) 10 (21.3) 0.53

IVUS usage, n (%) 3 (18.8) 5 (50.0) 5 (23.8) 13 (27.7) 0.21

PCI success, n (%) 11 (68.8) 8 (80.0) 16 (76.2) 35 (74.5) 0.07

Data are presented as numbers (n) and percentages (%), mean and standard deviation (SD) or median and interquartile range (IQR: Q1–Q3)
*Post-hoc analysis: MEGA vs. CTR P = 0.87; MEGA vs. STD P = 0.012; STD vs. CTR P = 0.11

Abbreviations: ACS, acute coronary syndrome; BCIS JS, British Cardiovascular Intervention Society Jeopardy Score; CABG, coronary artery bypass grafting; CCS, Canadian 
Cardiovascular Society; CKD, chronic kidney disease; CTO, chronic total occlusion; IVUS, intravascular ultrasound; MI, myocardial infarction; MR, mitral regurgitation;  
NYHA, New York Heart Association, PAD, peripheral arterial disease; PCI, percutaneous coronary intervention
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Table 2. The results of hemodynamic measurements before and post-IABP placement 

VARIABLE time MEGA STRD CTRL P-value

LVSP, mm Hg 1st

2nd
135 (29)
113 (22)

126 (30)
112 (23)

135 (28)
145 (26)

0.75
0.003

dP/dt, mm Hg × s-1 1st

2nd
1292 (426)
1166 (429)

1079 (389)
991 (418)

1302 (485)
1389 (464)

0.48
0.09

EVR 1st

2nd
0.81 (0.16)
1.97 (0.39)

0.88 (0.16)
1.68 (0.28)

0.86 (0.16)
0.82 (0.14)

0.75
<0.001

MAP, mm Hg 1st

2nd
88 (16)
93 (17)

82 (8)
89 (10)

85 (15)
88 (16)

0.53
0.88

PCWP, mm Hg 1st

2nd
15.7 (9.5) 
11.9 (7.7)

15.8 (7.6) 
11.9 (6.2)

14.0 (4.7) 
11.7 (4.7)

0.88
0.97

MPAP, mm Hg 1st

2nd
27.6 (16.4)
22.5 (12.5)

24.1 (7.4)
22.2 (7.2)

25.6 (8.8)
22.9 (10.1)

0.93
0.97

HR, min-1 1st

2nd
74 (8) 
71 (8)

69 (15) 
70 (19)

72 (13) 
67 (10)

0.31
0.55

SV, ml 1st

2nd
57 (15) 
64 (12)

63 (19) 
65 (21)

59 (24) 
61 (18)

0.75
0.72

CO, l/min 1st

2nd
4.17 (1.04) 
4.52 (0.84)

4.07 (0.59) 
4.24 (0.59)

4.04 (1.4) 
3.98 (1.02)

0.77
0.17

CI, l/min/m2 1st

2nd
2.25 (0.58) 
2.44 (0.48)

2.11 (0.23) 
2.22 (0.36)

2.18 (0.67) 
2.13 (0.46)

0.73
0.20

CPO, W 1st

2nd
0.82 (0.26) 
0.94 (0.27)

0.74 (0.12) 
0.83 (0.16)

0.80 (0.36) 
0.79 (0.29)

0.91
0.32

SvO2, % 1st

2nd
61 (11) 
64 (8.0)

63 (7) 
64 (8)

62 (12)
63 (11)

0.99
0.91

Data are presented as a mean and standard deviation (SD)
Time: 1st — baseline, 2nd — after IABP placement (MEGA or STRD) or after 15 min in CTRL 

Abbreviations: CI, cardiac index; CO, cardiac output; CPO, cardiac power output; dP/dt, pressure time product; EVR, endocardial viability ratio; HR, heart rate; LHC, left heart 
catheterization; LVSP, left ventricle systolic pressure; MAP, mean arterial pressure; MPAP, mean pulmonary artery pressure; PAC, pulmonary artery catheter; PCWP, pulmonary 
artery wedge pressure; SV, stroke volume; SvO2, mixed venous oxygen saturation

Figure 3. Device-specific change (on-support vs. off-support) of hemodynamic parameters
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Table 2. The results of hemodynamic measurements before and post-IABP placement 

VARIABLE time MEGA STRD CTRL P-value

LVSP, mm Hg 1st

2nd
135 (29)
113 (22)

126 (30)
112 (23)

135 (28)
145 (26)

0.75
0.003

dP/dt, mm Hg × s-1 1st

2nd
1292 (426)
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1079 (389)
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1302 (485)
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0.88 (0.16)
1.68 (0.28)
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0.82 (0.14)
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<0.001

MAP, mm Hg 1st

2nd
88 (16)
93 (17)
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85 (15)
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2nd
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SV, ml 1st

2nd
57 (15) 
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63 (19) 
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59 (24) 
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CO, l/min 1st

2nd
4.17 (1.04) 
4.52 (0.84)
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4.24 (0.59)
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2nd
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2.44 (0.48)
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2.22 (0.36)

2.18 (0.67) 
2.13 (0.46)

0.73
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CPO, W 1st

2nd
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0.94 (0.27)
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0.83 (0.16)
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0.79 (0.29)

0.91
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SvO2, % 1st

2nd
61 (11) 
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63 (7) 
64 (8)

62 (12)
63 (11)

0.99
0.91

Data are presented as a mean and standard deviation (SD)
Time: 1st — baseline, 2nd — after IABP placement (MEGA or STRD) or after 15 min in CTRL 

Abbreviations: CI, cardiac index; CO, cardiac output; CPO, cardiac power output; dP/dt, pressure time product; EVR, endocardial viability ratio; HR, heart rate; LHC, left heart 
catheterization; LVSP, left ventricle systolic pressure; MAP, mean arterial pressure; MPAP, mean pulmonary artery pressure; PAC, pulmonary artery catheter; PCWP, pulmonary 
artery wedge pressure; SV, stroke volume; SvO2, mixed venous oxygen saturation

Figure 3. Device-specific change (on-support vs. off-support) of hemodynamic parameters
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Table 3. The comparison of balloon function parameters between MEGA and STDR 

VARIABLE, mm Hg MEGA STRD P-value

Unassisted diastolic pressure (A) 67.14 (11.2) 62.9 (9.89) 0.35

Unassisted systolic pressure (B) 132.50 (26.94) 127.00 (27.94) 0.63

Dicrotic notch pressure (C) 105.60 (24.50) 98.60 (21.44) 0.47

Augmented diastolic pressure (D) 170.07 (36.40) 139.50 (21.16) 0.02

Assisted end-diastolic pressure (E) 56.47 (14.00) 55.90 (14.23) 0.92

Assisted systolic pressure (F) 117.53 (24.61) 113.50 (21.82) 0.68

Systolic unloading (B–F) 17.50 (8.23) 13.50 (10.22) 0.30

Diastolic augmentation (D–A) 97.21 (28.54) 76.60 (21.07) 0.07

Diastolic unloading (A–E) 8.50 (5.49) 7.00 (6.27) 0.54

Deflation pressure (D–E) 113.60 (43.98) 83.60 (24.52) 0.06

Data are presented as a mean and standard deviation (SD); units of pressure are mm Hg

astolic augmentation (D–A) and deflation pressure (D–E) 
in MEGA vs. STRD group, which may also indicate clinically 
significant difference (Table 3). 

Additionally, we found significant positive correlation 
(r = 0.75; P ≤0.001) between augmented diastolic pressure 
(D) with the systolic unloading (B–F), i.e., the higher was 
augmentation pressure the greater was drop in aortic (and 
left ventricular — not shown) systolic pressure — Figure 4.

There was no difference in hospital and 1-year follow 
up in MACE between the groups, as well as in the rate of 
major and minor bleeding according to Academic Research 
Consortium (BARC), vascular access site complication or 
acute renal failure — Supplementary material, Table S1. The 
causes of major bleeds in decreasing order of frequency 
were: large hematoma at vascular access site (7), bleeding 
around vascular catheter without hematoma formation (2), 
significant hemoglobin drop without obvious cause (2), 
gastrointestinal bleeding (1), coronary artery perforation 
with tamponade (1), alveolar hemorrhage (1) and vascular 
surgical intervention (1).

DISCUSSION
In our study we presented in-depth analysis of invasive he-
modynamics obtained during HRPCI with or without IABP 

support. We found that, although majority of on-support 
values were not different between the groups (except for 
higher EVR and lower LVSP with both IABP), the change of 
these parameters from off- to on-support varied significant-
ly, i.e., the measured change in CO, CI, CPO, SV, SvO2 and 
dP/dt was statistically significant vs CTRL in MEGA, but not 
in the STRD group. Both balloons were effective in reducing 
LVSP and increasing EVR, but none in reducing PCWP. This 
implies that even very small (10 cc) additional volume of 
an intra-aortic balloon may have clinically meaningful 
effect. In fact, we have already demonstrated that IABP of 
larger volume type implanted electively before HRPCI was 
able to reduce composite hemodynamic endpoint during 
the procedure (although in hospital and follow-up MACE 
were not different) [8]. Moreover, additional analyses of 
pressure tracings form IABP console, demonstrated that 
MEGA balloon provide higher diastolic augmentation 
pressure than STDR one, which in turn, was significantly 
correlated with greater systolic unloading, meaning less 
workload for an already severely stressed left ventricle. 
Likewise, EVR was also numerically higher with the larger 
vs. standard balloon, which may additionally imply more 
favorable oxygen supply-demand ratio of the MEGA type.

In a small study done by Kapur et al. [10] the authors 
were also able to demonstrate better hemodynamic pro-
file of higher volume balloon, with greater augmented 
diastolic blood pressure, greater systolic unloading (which 
were both linearly correlated), and (contrary to our results) 
a larger reduction of PCWP of 50 cc balloon in comparison 
to 40 cc in both HRPCI and shock patients. 50 cc balloon 
recipients had also greater (and statistically significant) 
increase in CO and CI [10].

On the other hand, our study showed only modest 
increase in CO associated with counter-pulsation, e.g., for 
MEGA it was on average 0.4 l/min, and for STDR just around  
0.2 l/min, and no reduction of PCWP. This confirms that IABP 
is a very weak hemodynamic support device, and it cannot 
adequately support the patient if serious complications 
might develop during HRPCI. Accordingly, the only ran-
domized clinical trial (BCIS-1) that tested elective IABP use 
for HRPCI (but only of standard volume type) did not show 
any benefit in terms of MACE [11], but interestingly in the 

Figure 4. Correlation between diastolic augmented pressure (D) 
and systolic unloading (B–F) 
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DISCUSSION
In our study we presented in-depth analysis of invasive he-
modynamics obtained during HRPCI with or without IABP 
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values were not different between the groups (except for 
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ly, i.e., the measured change in CO, CI, CPO, SV, SvO2 and 
dP/dt was statistically significant vs CTRL in MEGA, but not 
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larger volume type implanted electively before HRPCI was 
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were not different) [8]. Moreover, additional analyses of 
pressure tracings form IABP console, demonstrated that 
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pressure than STDR one, which in turn, was significantly 
correlated with greater systolic unloading, meaning less 
workload for an already severely stressed left ventricle. 
Likewise, EVR was also numerically higher with the larger 
vs. standard balloon, which may additionally imply more 
favorable oxygen supply-demand ratio of the MEGA type.

In a small study done by Kapur et al. [10] the authors 
were also able to demonstrate better hemodynamic pro-
file of higher volume balloon, with greater augmented 
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were both linearly correlated), and (contrary to our results) 
a larger reduction of PCWP of 50 cc balloon in comparison 
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recipients had also greater (and statistically significant) 
increase in CO and CI [10].
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is a very weak hemodynamic support device, and it cannot 
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long-term follow-up there was a reduction in mortality [12]. 
For this reason, nowadays, more potent devices like AFP Im-
pella are being increasingly used for CHIP patients [13–15] 
and are preferred by various expert consensus statements 
[16]. In fact, randomized [17] and observational [18] data 
show greater hemodynamic effect of AFP vs. IABP, but at the 
same time they failed to show a reduction of hard clinical 
endpoints. On the contrary, there is some evidence from 
recent large registries that use of Impella was associated 
with increased mortality and morbidity, including bleeding, 
vascular access site and neurologic complications [19, 20]. 

The recent work from Polish authors compared retro-
spectively Impella (n = 28) and IABP (n = 22) use during 
HRPCI. Patients qualified for Impella support had lower EF 
and were younger despite having similar Euroscore II. Study 
demonstrated similar MACE and mortality rate during 
median 224 days of follow-up. On the contrary the major 
bleeding events and vascular complications were observed 
more often in the AFP group probably as a consequence of 
larger bore access side, different modes of vascular closure 
and higher dose of anticoagulants [21].

Therefore, it should be emphasized that hemodynamic 
support per se is not the primary goal of MCS therapy in the 
setting of HRPCI. To improve the prognosis, it is necessary 
to achieve complete and optimal revascularization and the 
device should provide just enough support for the com-
pletion of the complex procedure without hemodynamic 
compromise that might jeopardize the final result. At the 
same time, the risk associated with support device should 
not exceed the possible benefits. Finally, the cost and com-
plexity of given strategy must be considered.

Accordingly, there is some evidence from retrospective 
studies that contemporary high-risk patients may be effec-
tively treated with PCI without any support device with 
a very high procedural success and low MACE rate [22]. The 
authors state that, contrary to current recommendations 
and practice, HRPCI without any MCS usage is feasible and 
safe in most of CHIP patients. So, lacking conclusive results 
from randomized trials, the strategy of unprotected HRPCI 
must also be considered.

We would also like to stress the importance of hemo-
dynamic monitoring using PAC. RHC is being increasingly 
advocated during MCS support, esp. in the field of cardio-
genic shock [23, 24]. The valuable data that can be derived 
from RHC could help in choosing the device that best suits 
the needs of the given patient. Surprisingly often, stable 
HRPCI patients despite low EF, may have relatively well-pre-
served SV, CO and CI and a low PCWP, possibly allowing 
for a standby/bail-out only MCS therapy. On the contrary, 
in the more acute setting, like acute coronary syndrome 
or CS, these physiologic parameters may be much more 
disturbed, necessitating up-front (before PCI) implantation 
of the support device. 

Additionally, it is worth to mention that the art of man-
aging IABP nowadays may be rather lost among interven-
tional cardiologists. To guarantee optimal hemodynamic 

support it is important to observe diastolic augmentation 
and systolic unloading on the IABP control panel and ar-
terial pressure tracing after device placement.

Study limitation
Our study has several limitations. It was designed as 
a randomized study, but due to slow recruitment process 
(single-center study) we were able to randomize only 
36 patients in 18 months. Moreover, we observed some 
cross-over because of inability to insert IABP when tortuous 
or calcified femoral and iliac vessels were discovered during 
the procedure. Additionally, several patients did not meet 
inclusion criteria, but still were treated according to the 
study protocol and were included in final per-treatment 
analysis. Therefore, our results should be considered as 
exploratory and hypothesis-generating. Nonetheless, the 
baseline values were well balanced between the groups, 
except for more frequent occurrence of PAD in CTRL. 

CONCLUSION
Our in-depth physiologic analysis adds important new 
data on hemodynamic effect on higher volume intra-aortic 
balloon showing that it may have more favorable hemo-
dynamic profile than standard volume IABP and hence 
might be considered as a possible cheaper alternative for 
some CHIP patients.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.

Article information
Conflict of interest: None declared.

Funding: None. 

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (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. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

REFERENCES
1. Chieffo A, Burzotta F, Pappalardo F, et al. Clinical expert consensus doc-

ument on the use of percutaneous left ventricular assist support devices 
during complex high-risk indicated PCI: Italian Society of Interventional 
Cardiology Working Group Endorsed by Spanish and Portuguese Interven-
tional Cardiology Societies. Int J Cardiol. 2019; 293: 84–90, doi: 10.1016/j.
ijcard.2019.05.065, indexed in Pubmed: 31174920.

2. Kirtane AJ, Doshi D, Leon MB, et al. Treatment of higher-risk patients with 
an indication for revascularization. Circulation. 2016; 134(5): 422–431, 
doi: 10.1161/circulationaha.116.022061.

3. Bass TA. High-risk percutaneous coronary interventions in modern day 
clinical practice: current concepts and challenges. Circ Cardiovasc Interv. 
2015; 8(12): e003405, doi: 10.1161/CIRCINTERVENTIONS.115.003405, 
indexed in Pubmed: 26628592.

4. Chieffo A, Dudek D, Hassager C, et al. Joint EAPCI/ACVC expert consensus 
document on percutaneous ventricular assist devices. EuroInterven-
tion. 2021; 17(4): e274–e286, doi:  10.4244/EIJY21M05_01, indexed in 
Pubmed: 34057071.

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a 1263

Aleksander Zeliaś et al., Larger volume balloon pump for protected coronary intervention

long-term follow-up there was a reduction in mortality [12]. 
For this reason, nowadays, more potent devices like AFP Im-
pella are being increasingly used for CHIP patients [13–15] 
and are preferred by various expert consensus statements 
[16]. In fact, randomized [17] and observational [18] data 
show greater hemodynamic effect of AFP vs. IABP, but at the 
same time they failed to show a reduction of hard clinical 
endpoints. On the contrary, there is some evidence from 
recent large registries that use of Impella was associated 
with increased mortality and morbidity, including bleeding, 
vascular access site and neurologic complications [19, 20]. 

The recent work from Polish authors compared retro-
spectively Impella (n = 28) and IABP (n = 22) use during 
HRPCI. Patients qualified for Impella support had lower EF 
and were younger despite having similar Euroscore II. Study 
demonstrated similar MACE and mortality rate during 
median 224 days of follow-up. On the contrary the major 
bleeding events and vascular complications were observed 
more often in the AFP group probably as a consequence of 
larger bore access side, different modes of vascular closure 
and higher dose of anticoagulants [21].

Therefore, it should be emphasized that hemodynamic 
support per se is not the primary goal of MCS therapy in the 
setting of HRPCI. To improve the prognosis, it is necessary 
to achieve complete and optimal revascularization and the 
device should provide just enough support for the com-
pletion of the complex procedure without hemodynamic 
compromise that might jeopardize the final result. At the 
same time, the risk associated with support device should 
not exceed the possible benefits. Finally, the cost and com-
plexity of given strategy must be considered.

Accordingly, there is some evidence from retrospective 
studies that contemporary high-risk patients may be effec-
tively treated with PCI without any support device with 
a very high procedural success and low MACE rate [22]. The 
authors state that, contrary to current recommendations 
and practice, HRPCI without any MCS usage is feasible and 
safe in most of CHIP patients. So, lacking conclusive results 
from randomized trials, the strategy of unprotected HRPCI 
must also be considered.

We would also like to stress the importance of hemo-
dynamic monitoring using PAC. RHC is being increasingly 
advocated during MCS support, esp. in the field of cardio-
genic shock [23, 24]. The valuable data that can be derived 
from RHC could help in choosing the device that best suits 
the needs of the given patient. Surprisingly often, stable 
HRPCI patients despite low EF, may have relatively well-pre-
served SV, CO and CI and a low PCWP, possibly allowing 
for a standby/bail-out only MCS therapy. On the contrary, 
in the more acute setting, like acute coronary syndrome 
or CS, these physiologic parameters may be much more 
disturbed, necessitating up-front (before PCI) implantation 
of the support device. 

Additionally, it is worth to mention that the art of man-
aging IABP nowadays may be rather lost among interven-
tional cardiologists. To guarantee optimal hemodynamic 

support it is important to observe diastolic augmentation 
and systolic unloading on the IABP control panel and ar-
terial pressure tracing after device placement.

Study limitation
Our study has several limitations. It was designed as 
a randomized study, but due to slow recruitment process 
(single-center study) we were able to randomize only 
36 patients in 18 months. Moreover, we observed some 
cross-over because of inability to insert IABP when tortuous 
or calcified femoral and iliac vessels were discovered during 
the procedure. Additionally, several patients did not meet 
inclusion criteria, but still were treated according to the 
study protocol and were included in final per-treatment 
analysis. Therefore, our results should be considered as 
exploratory and hypothesis-generating. Nonetheless, the 
baseline values were well balanced between the groups, 
except for more frequent occurrence of PAD in CTRL. 

CONCLUSION
Our in-depth physiologic analysis adds important new 
data on hemodynamic effect on higher volume intra-aortic 
balloon showing that it may have more favorable hemo-
dynamic profile than standard volume IABP and hence 
might be considered as a possible cheaper alternative for 
some CHIP patients.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.

Article information
Conflict of interest: None declared.

Funding: None. 

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (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. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

REFERENCES
1. Chieffo A, Burzotta F, Pappalardo F, et al. Clinical expert consensus doc-

ument on the use of percutaneous left ventricular assist support devices 
during complex high-risk indicated PCI: Italian Society of Interventional 
Cardiology Working Group Endorsed by Spanish and Portuguese Interven-
tional Cardiology Societies. Int J Cardiol. 2019; 293: 84–90, doi: 10.1016/j.
ijcard.2019.05.065, indexed in Pubmed: 31174920.

2. Kirtane AJ, Doshi D, Leon MB, et al. Treatment of higher-risk patients with 
an indication for revascularization. Circulation. 2016; 134(5): 422–431, 
doi: 10.1161/circulationaha.116.022061.

3. Bass TA. High-risk percutaneous coronary interventions in modern day 
clinical practice: current concepts and challenges. Circ Cardiovasc Interv. 
2015; 8(12): e003405, doi: 10.1161/CIRCINTERVENTIONS.115.003405, 
indexed in Pubmed: 26628592.

4. Chieffo A, Dudek D, Hassager C, et al. Joint EAPCI/ACVC expert consensus 
document on percutaneous ventricular assist devices. EuroInterven-
tion. 2021; 17(4): e274–e286, doi:  10.4244/EIJY21M05_01, indexed in 
Pubmed: 34057071.

Ark.42 Front, Cyfra - czasopisma - KP_2023_12_srodki (administrator), 2024-01-08 11:27:05, 



K A R D I O L O G I A  P O L S K A

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a1264

5. Tycińska A, Grygier M, Biegus J, et al. Mechanical circulatory support. 
An expert opinion of the Association of Intensive Cardiac Care and the 
Association of Cardiovascular Interventions of the Polish Cardiac Socie-
ty. Kardiol Pol. 2021; 79(12): 1399–1410, doi: 10.33963/KP.a2021.0169, 
indexed in Pubmed: 34861044.

6. Atkinson TM, Ohman EM, O’Neill WW, et al. A practical approach to 
mechanical circulatory support in patients undergoing percutaneous 
coronary intervention: an interventional perspective. JACC Cardiovasc 
Interv. 2016; 9(9): 871–883, doi: 10.1016/j.jcin.2016.02.046, indexed in 
Pubmed: 27151604.

7. Chieffo A, Ancona MB, Burzotta F, et al. Collaborators. Observational 
multicentre registry of patients treated with IMPella mechanical cir-
culatory support device in ITaly: the IMP-IT registry. EuroIntervention. 
2020; 15(15): e1343–e1350, doi:  10.4244/EIJ-D-19-00428, indexed in 
Pubmed: 31422925.

8. Zeliaś A, Zajdel W, Malinowski K, et al. Circulatory support with 
larger volume intra-aortic balloon pump vs. standard volume or 
no-balloon pump during high-risk percutaneous coronary interven-
tions. A randomised study. Postepy Kardiol Interwencyjnej. 2020; 16(1): 
30–40, doi: 10.5114/aic.2020.93910, indexed in Pubmed: 32368234.

9. Philips PA, Bregman D. Intraoperative application of intraaortic balloon 
counterpulsation determined by clinical monitoring of the endocardial 
viability ratio. Ann Thorac Surg. 1977; 23: 45–51, doi: 10.1016/s0003-
4975(10)64068-4, indexed in Pubmed: 831644.

10. Kapur NK, Paruchuri V, Majithia A, et al. Hemodynamic effects of stand-
ard versus larger-capacity intraaortic balloon counterpulsation pumps.  
J Invasive Cardiol. 2015; 27(4): 182–188, indexed in Pubmed: 25840400.

11. Perera D, Stables R, Clayton T, et al. Elective intra-aortic balloon 
counterpulsation during high-risk percutaneous coronary interven-
tion: a randomized controlled trial. JAMA. 2010; 304(8): 867–874, 
doi: 10.1001/jama.2010.1190, indexed in Pubmed: 20736470.

12. Perera D, Stables R, Clayton T, et al. Long-term mortality data from the 
balloon pump-assisted coronary intervention study (BCIS-1): a rand-
omized, controlled trial of elective balloon counterpulsation during 
high-risk percutaneous coronary intervention. Circulation. 2013; 127(2): 
207–212, doi: 10.1161/CIRCULATIONAHA.112.132209, indexed in Pub-
med: 23224207.

13. Khera R, Cram P, Vaughan-Sarrazin M, et al. Use of mechanical circulatory 
support in percutaneous coronary intervention in the United States. Am  
J Cardiol. 2016; 117(1): 10–16, doi: 10.1016/j.amjcard.2015.10.005, indexed 
in Pubmed: 26547292.

14. Cohen MG, Matthews R, Maini B, et al. Percutaneous left ventricular assist 
device for high-risk percutaneous coronary interventions: Real-world 
versus clinical trial experience. Am Heart J. 2015; 170(5): 872–879, 
doi: 10.1016/j.ahj.2015.08.009, indexed in Pubmed: 26542494.

15. Chieffo A, Ancona MB, Burzotta F, et al. Observational multicentre registry 
of patients treated with IMPella mechanical circulatory support device in 
ITaly: the IMP-IT registry. EuroIntervention. 2020; 15(15): e1343–e1350, 
doi: 10.4244/EIJ-D-19-00428, indexed in Pubmed: 31422925.

16. Burzotta F, Trani C, Doshi SN, et al. Impella ventricular support in clinical 
practice: Collaborative viewpoint from a European expert user group. Int 
J Cardiol. 2015; 201: 684–691, doi: 10.1016/j.ijcard.2015.07.065, indexed 
in Pubmed: 26363632.

17. O’Neill WW, Kleiman NS, Moses J, et al. A prospective, randomized clin-
ical trial of hemodynamic support with Impella 2.5 versus intra-aortic 
balloon pump in patients undergoing high-risk percutaneous coronary 
intervention: the PROTECT II study. Circulation. 2012; 126(14): 1717–1727, 
doi: 10.1161/CIRCULATIONAHA.112.098194, indexed in Pubmed: 22935569.

18. Azzalini L, Johal GS, Baber U, et al. Outcomes of Impella-supported 
high-risk nonemergent percutaneous coronary intervention in a large 
single-center registry. Catheter Cardiovasc Interv. 2021; 97(1): E26–E33, 
doi: 10.1002/ccd.28931, indexed in Pubmed: 32333721.

19. Amin AP, Spertus JA, Curtis JP, et al. The evolving landscape of impella 
use in the United States among patients undergoing percutaneous coro-
nary intervention with mechanical circulatory support. Circulation. 2020; 
141(4): 273–284, doi: 10.1161/CIRCULATIONAHA.119.044007, indexed in 
Pubmed: 31735078.

20. Kuno T, Takagi H, Ando T, et al. Safety and efficacy of mechanical circu-
latory support with Impella or intra-aortic balloon pump for high-risk 
percutaneous coronary intervention and/or cardiogenic shock: Insights 
from a network meta-analysis of randomized trials. Catheter Cardiovasc 
Interv. 2021; 97(5): E636–E645, doi: 10.1002/ccd.29236, indexed in Pub-
med: 32894797.

21. Januszek R, Pawlik A, Rzeszutko Ł, et al. Clinical outcomes in patients 
undergoing complex, high-risk percutaneous coronary intervention 
and haemodynamic support with intra-aortic balloon versus Impella 
pump: Real-life single-centre preliminary results. Kardiol Pol. 2022; 80(12): 
1224–1231, doi: 10.33963/KP.a2022.0203, indexed in Pubmed: 36047958.

22. Khalid N, Rogers T, Torguson R, et al. Feasibility and safety of high-risk 
percutaneous coronary intervention without mechanical circulatory 
support. Circ Cardiovasc Interv. 2021; 14(6): e009960, doi: 10.1161/CIR-
CINTERVENTIONS.120.009960, indexed in Pubmed: 34092089.

23. Saxena A, Garan AR, Kapur NK, et al. Value of hemodynamic monitoring 
in patients with cardiogenic shock undergoing mechanical circulatory 
support. Circulation. 2020; 141(14): 1184–1197, doi: 10.1161/CIRCULA-
TIONAHA.119.043080, indexed in Pubmed: 32250695.

24. Chow JY, Vadakken ME, Whitlock RP, et al. Pulmonary artery catheteri-
zation in patients with cardiogenic shock: a systematic review and me-
ta-analysis. Can J Anaesth. 2021; 68(11): 1611–1629, doi: 10.1007/s12630-
021-02083-2, indexed in Pubmed: 34405356.

K A R D I O L O G I A  P O L S K A

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a1264

5. Tycińska A, Grygier M, Biegus J, et al. Mechanical circulatory support. 
An expert opinion of the Association of Intensive Cardiac Care and the 
Association of Cardiovascular Interventions of the Polish Cardiac Socie-
ty. Kardiol Pol. 2021; 79(12): 1399–1410, doi: 10.33963/KP.a2021.0169, 
indexed in Pubmed: 34861044.

6. Atkinson TM, Ohman EM, O’Neill WW, et al. A practical approach to 
mechanical circulatory support in patients undergoing percutaneous 
coronary intervention: an interventional perspective. JACC Cardiovasc 
Interv. 2016; 9(9): 871–883, doi: 10.1016/j.jcin.2016.02.046, indexed in 
Pubmed: 27151604.

7. Chieffo A, Ancona MB, Burzotta F, et al. Collaborators. Observational 
multicentre registry of patients treated with IMPella mechanical cir-
culatory support device in ITaly: the IMP-IT registry. EuroIntervention. 
2020; 15(15): e1343–e1350, doi:  10.4244/EIJ-D-19-00428, indexed in 
Pubmed: 31422925.

8. Zeliaś A, Zajdel W, Malinowski K, et al. Circulatory support with 
larger volume intra-aortic balloon pump vs. standard volume or 
no-balloon pump during high-risk percutaneous coronary interven-
tions. A randomised study. Postepy Kardiol Interwencyjnej. 2020; 16(1): 
30–40, doi: 10.5114/aic.2020.93910, indexed in Pubmed: 32368234.

9. Philips PA, Bregman D. Intraoperative application of intraaortic balloon 
counterpulsation determined by clinical monitoring of the endocardial 
viability ratio. Ann Thorac Surg. 1977; 23: 45–51, doi: 10.1016/s0003-
4975(10)64068-4, indexed in Pubmed: 831644.

10. Kapur NK, Paruchuri V, Majithia A, et al. Hemodynamic effects of stand-
ard versus larger-capacity intraaortic balloon counterpulsation pumps.  
J Invasive Cardiol. 2015; 27(4): 182–188, indexed in Pubmed: 25840400.

11. Perera D, Stables R, Clayton T, et al. Elective intra-aortic balloon 
counterpulsation during high-risk percutaneous coronary interven-
tion: a randomized controlled trial. JAMA. 2010; 304(8): 867–874, 
doi: 10.1001/jama.2010.1190, indexed in Pubmed: 20736470.

12. Perera D, Stables R, Clayton T, et al. Long-term mortality data from the 
balloon pump-assisted coronary intervention study (BCIS-1): a rand-
omized, controlled trial of elective balloon counterpulsation during 
high-risk percutaneous coronary intervention. Circulation. 2013; 127(2): 
207–212, doi: 10.1161/CIRCULATIONAHA.112.132209, indexed in Pub-
med: 23224207.

13. Khera R, Cram P, Vaughan-Sarrazin M, et al. Use of mechanical circulatory 
support in percutaneous coronary intervention in the United States. Am  
J Cardiol. 2016; 117(1): 10–16, doi: 10.1016/j.amjcard.2015.10.005, indexed 
in Pubmed: 26547292.

14. Cohen MG, Matthews R, Maini B, et al. Percutaneous left ventricular assist 
device for high-risk percutaneous coronary interventions: Real-world 
versus clinical trial experience. Am Heart J. 2015; 170(5): 872–879, 
doi: 10.1016/j.ahj.2015.08.009, indexed in Pubmed: 26542494.

15. Chieffo A, Ancona MB, Burzotta F, et al. Observational multicentre registry 
of patients treated with IMPella mechanical circulatory support device in 
ITaly: the IMP-IT registry. EuroIntervention. 2020; 15(15): e1343–e1350, 
doi: 10.4244/EIJ-D-19-00428, indexed in Pubmed: 31422925.

16. Burzotta F, Trani C, Doshi SN, et al. Impella ventricular support in clinical 
practice: Collaborative viewpoint from a European expert user group. Int 
J Cardiol. 2015; 201: 684–691, doi: 10.1016/j.ijcard.2015.07.065, indexed 
in Pubmed: 26363632.

17. O’Neill WW, Kleiman NS, Moses J, et al. A prospective, randomized clin-
ical trial of hemodynamic support with Impella 2.5 versus intra-aortic 
balloon pump in patients undergoing high-risk percutaneous coronary 
intervention: the PROTECT II study. Circulation. 2012; 126(14): 1717–1727, 
doi: 10.1161/CIRCULATIONAHA.112.098194, indexed in Pubmed: 22935569.

18. Azzalini L, Johal GS, Baber U, et al. Outcomes of Impella-supported 
high-risk nonemergent percutaneous coronary intervention in a large 
single-center registry. Catheter Cardiovasc Interv. 2021; 97(1): E26–E33, 
doi: 10.1002/ccd.28931, indexed in Pubmed: 32333721.

19. Amin AP, Spertus JA, Curtis JP, et al. The evolving landscape of impella 
use in the United States among patients undergoing percutaneous coro-
nary intervention with mechanical circulatory support. Circulation. 2020; 
141(4): 273–284, doi: 10.1161/CIRCULATIONAHA.119.044007, indexed in 
Pubmed: 31735078.

20. Kuno T, Takagi H, Ando T, et al. Safety and efficacy of mechanical circu-
latory support with Impella or intra-aortic balloon pump for high-risk 
percutaneous coronary intervention and/or cardiogenic shock: Insights 
from a network meta-analysis of randomized trials. Catheter Cardiovasc 
Interv. 2021; 97(5): E636–E645, doi: 10.1002/ccd.29236, indexed in Pub-
med: 32894797.

21. Januszek R, Pawlik A, Rzeszutko Ł, et al. Clinical outcomes in patients 
undergoing complex, high-risk percutaneous coronary intervention 
and haemodynamic support with intra-aortic balloon versus Impella 
pump: Real-life single-centre preliminary results. Kardiol Pol. 2022; 80(12): 
1224–1231, doi: 10.33963/KP.a2022.0203, indexed in Pubmed: 36047958.

22. Khalid N, Rogers T, Torguson R, et al. Feasibility and safety of high-risk 
percutaneous coronary intervention without mechanical circulatory 
support. Circ Cardiovasc Interv. 2021; 14(6): e009960, doi: 10.1161/CIR-
CINTERVENTIONS.120.009960, indexed in Pubmed: 34092089.

23. Saxena A, Garan AR, Kapur NK, et al. Value of hemodynamic monitoring 
in patients with cardiogenic shock undergoing mechanical circulatory 
support. Circulation. 2020; 141(14): 1184–1197, doi: 10.1161/CIRCULA-
TIONAHA.119.043080, indexed in Pubmed: 32250695.

24. Chow JY, Vadakken ME, Whitlock RP, et al. Pulmonary artery catheteri-
zation in patients with cardiogenic shock: a systematic review and me-
ta-analysis. Can J Anaesth. 2021; 68(11): 1611–1629, doi: 10.1007/s12630-
021-02083-2, indexed in Pubmed: 34405356.

Ark.42 Back, Cyfra - czasopisma - KP_2023_12_srodki (administrator), 2024-01-08 11:27:05, 



w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a 1265

 � S H O R T  C O M M U N I C A T I O N

Prediction of major adverse cardiac events in patients with 
multivessel coronary artery disease with an interpretable 
classification tree model based on coronary computed 
tomography angiography 

Daria Kaczmarek, Oliwia Matuszewska-Brycht, Mateusz Kobierecki, Milena Jakuszczonek, Jan Krekora, 

Jarosław Drożdż

2nd Department of Cardiology, Medical University of Lodz, Łódź, Poland 

Correspondence to: 
Daria Kaczmarek, MD,
2nd Department of Cardiology, 
Medical University of Lodz, 
Pomorska 251, 92–213 Łódź, 
Poland, 
phone: +48 42 201 43 16, 
e-mail: dariaa.jedrzejewska@
gmail.com 

Copyright by the Author(s), 2023

DOI: 10.33963/v.kp.98352

Received:  
August 17, 2023

Accepted:  
November 29, 2023

Early publication date:  
December 21, 2023

INTRODUCTION 
Cardiovascular diseases (CVD), the prevailing 
cause of death, contribute to almost one-third 
of all deaths around the world [1]. In 2030 CVD 
would cause more than 23 million deaths 
worldwide [2]. Patients with multivessel cor-
onary artery disease (MVD) are particularly 
important due to their increased risk of acute 
co ronary syndrome and sudden cardiac death 
[3]. According to our knowledge, currently 
there is no simple predictive model determin-
ing the occurrence of a major adverse cardiac 
event (MACE; cardiac death, myocardial 
infarction or unstable angina, stroke) during 
one year of follow-up in patients with MVD di-
agnosed by coronary computed tomography 
angiography (CCTA). Therefore, the aim of the 
study was to create a simple algorithm for the 
population of MVD patients that enables the 
risk estimation of MACE based solely on CCTA.

METHODS

Study population 
We conducted a two-stage study in order to 
develop and test our model. In the first stage, 
106 participants were enrolled after a hospi-
talization in the Cardiology Department of 
the Central Clinical Hospital in Lodz during 
the period 2020–2021. All the patients had 
MVD confirmed by invasive coronary angiog-
raphy (ICA) after CCTA. Eligible patients were 
≥18 years old, diagnosed with stable coronary 
artery disease (CAD) according to the Europe-
an Society of Cardiology (ESC) guidelines [4]. 
Exclusion criteria were defined as permanent 

atrial fibrillation, acute coronary syndrome or 
stroke within the last 3 months. 

In the second stage our model was validat-
ed using test external data to assess its relia-
bility. For this purpose we collected another 
52 CCTA records from patients admitted to 
the same department in 2022. The inclusion 
and exclusion criteria were the same. The only 
analyzed diagnostic method was CCTA. Du-
ring follow-up, the specialist Heart Team clas-
sified patients into an appropriate treatment 
option of revascularization or conservative 
treatment taking into account patients’ overall 
clinical condition and preferences as well as 
the ESC Guidelines.

The study complied with the Declaration 
of Helsinki and was approved by the local 
medical ethics committee. All the patients 
provided written informed consent prior to 
their participation in the study.

Analyzed parameters 
All data collected from 106 patients was tested 
for correlation with the occurrence of MACE 
during one-year follow-up. A direct interview 
with each study participant or their family and 
medical data from one-year follow-up were 
the basis for the analysis. Survival data were 
based on the status in the central register of 
citizens. 

CCTA was conducted on an outpatient 
basis in various computed tomography 
laboratories in the city of Lodz using iodine 
contrast agent and different at least 64-slice 
resolution CT scanners. Significant stenosis of 
the coronary artery was defined by the CCTA 
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Exclusion criteria were defined as permanent 
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ed using test external data to assess its relia-
bility. For this purpose we collected another 
52 CCTA records from patients admitted to 
the same department in 2022. The inclusion 
and exclusion criteria were the same. The only 
analyzed diagnostic method was CCTA. Du-
ring follow-up, the specialist Heart Team clas-
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clinical condition and preferences as well as 
the ESC Guidelines.
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provided written informed consent prior to 
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Analyzed parameters 
All data collected from 106 patients was tested 
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during one-year follow-up. A direct interview 
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described as significant, critical, severe or >70% narrowing 
of the coronary artery lumen. Coronary artery calcium score 
was also measured in each CT scan.

ICA examinations were performed by one hemody-
namic team. Significant stenosis of the coronary artery in 
ICA was defined as >50% narrowing in the left main (LM) 
coronary artery and >70% narrowing in the rest of the epi-
cardial arteries [5]. ICA was performed ≤6 months after the 
CCTA on the same patient.

Prediction algorithm
After the first study stage a classification tree model was 
generated using the Classification and Regression Tree 
Algorithm based on the CT variables. Gini split criterion was 
used. Our dataset was evaluated using 5-fold cross-valida-
tion to assess the optimal tree depth. We revealed that the 
optimal depth of the tree is two (mean accuracy: 88% for 
the training dataset; 85% for the test dataset; Supplemen-
tary material, Figure S1). With increasing tree depth, the 
training dataset accuracy rose, however, the evaluated da-
taset accuracy declined, as an example of data overfitting. 

Statistical analysis 
The classification tree performance was assessed using 
the test cohort collected in the second stage of the study. 
Receiver operating characteristic (ROC) curve was also cal-
culated. Demographic and laboratory data were analyzed 
as follows. The normality of continuous variable distribution 
was assessed using the Shapiro–Wilk test along with the 
evaluation of histograms. Numerical variables were pre-
sented using the mean with SD or median with interquartile 
range (IQR), qualitative variables were presented as num-
bers with an appropriate percentage. P-value <0.05 was 
considered statistically significant. Univariate logistic 
regression was applied to further compare the influence 
of factors on the risk of MACE. The results of the logistic 
regression are  presented as odds ratio (OR) with a 95% 
confidence interval (95% CI). All calculations were carried 
out in Python 3.11 with the Scikit-learn 1.2.2 package for 
constructing the classification tree.

RESULTS AND DISCUSSION 
Figure 1A illustrates the algorithm that was created using 
the cohort of the first study stage. The parameter with the 
greatest significance in the MACE classification was the 
presence of LM significant stenosis. The second parameter 
with slightly lower significance was the presence of left 
anterior descending artery (LAD) significant stenosis.

The assessment of the second study stage cohort using 
the same classification tree demonstrated an accuracy of 
84.5%, with a sensitivity of 80.0% and specificity of 86.5%, 
confirming that our algorithm exhibits a similar effective-
ness on the external data. The confusion matrix in our 
second stage cohort is presented in Figure 1B.

Therefore, we propose a classification tree model which 
is simple to interpret (Figure 1C). The model is based solely 

on the LM significant stenosis as the first algorithm step, 
and the LAD significant stenosis as the second algorithm 
step. Despite its simplicity, the model accuracy was 87.7%, 
with sensitivity 71.4% and specificity 91.7% on our training 
data with the area under the receiver operating character-
istic curve: 0.86 (95% CI, 0.80–0.92). 

The first study group was predominantly male 
(n = 69.8%). The average age of the study population 
was 69.42 (8.28) years, and the mean body mass index: 
27.91 (4.44) kg/m2. Chronic heart failure, chronic kidney 
disease and diabetes mellitus type 2 were diagnosed in 
52.8%, 18.9% and 35.8% of the  group, respectively. The 
detailed characteristics are presented in Supplementary 
material, Tables S1 and S2. 

Other features that influence the risk of MACE in pa-
tients with MVD, in addition to the CCTA stenosis described 
above, are as folows: presence of heart failure (odds ratio 
[OR], 3.6; 95% CI, 1.20–10.71; P = 0.02), elevated creatinine 
level (OR, 2.81; 95% CI, 1.23–6.37; P = 0.01), elevated N-ter-
minal pro-B-type natriuretic peptide level (OR, 1.77; 95% CI, 
1.13–2.76; P = 0.01), elevated troponin level (OR, 4.52; 95% 
CI, 1.81–11.28; P = 0.001), history of COVID-19 infection (OR, 
3.37; 95% CI, 1.04–10.90; P = 0.04) and the history of myocar-
dial infarction (OR, 6.85; 95% CI, 2.12–22.13; P = 0.001). The 
detailed characteristics are presented in Supplementary 
material, Table S3. 

Stenosis of the LM is a significant cause of stenocardia 
in patients with CAD [6]. Based on many current studies 
that prove the LM stenosis to be an independent indicator 
of an increased morbidity and mortality among patients 
with CAD [7, 8], the algorithm we developed may be an 
efficient tool for predicting the risk of MACE in patients 
with MVD. 

CCTA is gaining in importance. According to the study 
by Rudziński et al. [9] which evaluated the long-term effica-
cy and safety of CCTA vs. ICA as the first-line imaging test in 
stable patients with a high clinical probability of obstructive 
CAD, no significant differences were found between both 
methods in MACE occurrence or long-term safety. 

Study limitations
The study was conducted as a single-center retrospective 
study with a relatively small group of participants. All of 
these factors may lead to an increased risk of selection bias 
and accidental findings in relation to the factors correlating 
with the study endpoint.

CONCLUSIONS
Summarizing, we created the classification tree to predict 
the risk of MACE in patients with MVD in one-year obser-
vation. If confirmed on a larger sample size, these findings 
may provide an interpretable tool for the risk stratification 
of MACE using only CCTA results. In our study the significant 
stenosis of the LM and the LAD are the most statistically 
significant factors associated with a one-year risk of MACE 
in patients with MVD. 
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namic team. Significant stenosis of the coronary artery in 
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coronary artery and >70% narrowing in the rest of the epi-
cardial arteries [5]. ICA was performed ≤6 months after the 
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generated using the Classification and Regression Tree 
Algorithm based on the CT variables. Gini split criterion was 
used. Our dataset was evaluated using 5-fold cross-valida-
tion to assess the optimal tree depth. We revealed that the 
optimal depth of the tree is two (mean accuracy: 88% for 
the training dataset; 85% for the test dataset; Supplemen-
tary material, Figure S1). With increasing tree depth, the 
training dataset accuracy rose, however, the evaluated da-
taset accuracy declined, as an example of data overfitting. 

Statistical analysis 
The classification tree performance was assessed using 
the test cohort collected in the second stage of the study. 
Receiver operating characteristic (ROC) curve was also cal-
culated. Demographic and laboratory data were analyzed 
as follows. The normality of continuous variable distribution 
was assessed using the Shapiro–Wilk test along with the 
evaluation of histograms. Numerical variables were pre-
sented using the mean with SD or median with interquartile 
range (IQR), qualitative variables were presented as num-
bers with an appropriate percentage. P-value <0.05 was 
considered statistically significant. Univariate logistic 
regression was applied to further compare the influence 
of factors on the risk of MACE. The results of the logistic 
regression are  presented as odds ratio (OR) with a 95% 
confidence interval (95% CI). All calculations were carried 
out in Python 3.11 with the Scikit-learn 1.2.2 package for 
constructing the classification tree.

RESULTS AND DISCUSSION 
Figure 1A illustrates the algorithm that was created using 
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greatest significance in the MACE classification was the 
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The assessment of the second study stage cohort using 
the same classification tree demonstrated an accuracy of 
84.5%, with a sensitivity of 80.0% and specificity of 86.5%, 
confirming that our algorithm exhibits a similar effective-
ness on the external data. The confusion matrix in our 
second stage cohort is presented in Figure 1B.

Therefore, we propose a classification tree model which 
is simple to interpret (Figure 1C). The model is based solely 
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52.8%, 18.9% and 35.8% of the  group, respectively. The 
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Other features that influence the risk of MACE in pa-
tients with MVD, in addition to the CCTA stenosis described 
above, are as folows: presence of heart failure (odds ratio 
[OR], 3.6; 95% CI, 1.20–10.71; P = 0.02), elevated creatinine 
level (OR, 2.81; 95% CI, 1.23–6.37; P = 0.01), elevated N-ter-
minal pro-B-type natriuretic peptide level (OR, 1.77; 95% CI, 
1.13–2.76; P = 0.01), elevated troponin level (OR, 4.52; 95% 
CI, 1.81–11.28; P = 0.001), history of COVID-19 infection (OR, 
3.37; 95% CI, 1.04–10.90; P = 0.04) and the history of myocar-
dial infarction (OR, 6.85; 95% CI, 2.12–22.13; P = 0.001). The 
detailed characteristics are presented in Supplementary 
material, Table S3. 

Stenosis of the LM is a significant cause of stenocardia 
in patients with CAD [6]. Based on many current studies 
that prove the LM stenosis to be an independent indicator 
of an increased morbidity and mortality among patients 
with CAD [7, 8], the algorithm we developed may be an 
efficient tool for predicting the risk of MACE in patients 
with MVD. 

CCTA is gaining in importance. According to the study 
by Rudziński et al. [9] which evaluated the long-term effica-
cy and safety of CCTA vs. ICA as the first-line imaging test in 
stable patients with a high clinical probability of obstructive 
CAD, no significant differences were found between both 
methods in MACE occurrence or long-term safety. 

Study limitations
The study was conducted as a single-center retrospective 
study with a relatively small group of participants. All of 
these factors may lead to an increased risk of selection bias 
and accidental findings in relation to the factors correlating 
with the study endpoint.

CONCLUSIONS
Summarizing, we created the classification tree to predict 
the risk of MACE in patients with MVD in one-year obser-
vation. If confirmed on a larger sample size, these findings 
may provide an interpretable tool for the risk stratification 
of MACE using only CCTA results. In our study the significant 
stenosis of the LM and the LAD are the most statistically 
significant factors associated with a one-year risk of MACE 
in patients with MVD. 
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INTRODUCTION
Aortic stenosis (AS) is a progressive disease 
with a pathogenesis similar to atherosclerosis 
[1]. AS progression is associated with aortic 
valve orifice and leaflet mobility reduction, 
and there is no available pharmacological 
treatment to prevent or at least retard dis-
ease progression [1]. Currently, the only 
therapeutic options for AS are surgical aortic  
valve replace ment or transcatheter aortic val- 
ve implantation [2, 3]. Associated activation of 
both coagulation and inflammation leading to 
valvular calcification has been shown in AS [4, 
5]. Growing evidence indicates a contribution 
of factor XI (FXI) to thrombosis [6] and athero-
genesis [7]. However, the role of the intrinsic 
pathway of coagulation, especially FXI expres-
sion, in AS progression has not been studied. 
FXI plays an important role in blood coagula-
tion and its activation to FXIa is mediated by 
activated FXII (FXIIa), through the feedback 
activation by tissue factor (TF)/thrombin, or 
via autoactivation [8]. FXIa converts FIX to its 
active form, but its activation is also catalyzed 
by the FVIIa-TF complex [8]. Kossmann et al. 
[9] demonstrated that FXI inhibition in mice, 
beyond antithrombotic effects, protects also 
against vascular inflammation, namely re-
active oxygen species formation, leukocyte 
infiltration, and fibrotic remodeling. Impor-
tantly, FXIa inhibitors and antibodies to FXI 
reduced atherogenesis and inflammation in 
mice [10]. Here we investigated whether FXI 
is present within stenotic leaflets in severe AS 
patients and if its expression correlates with 
disease severity.

METHODS
We enrolled 20 patients between April 
2022 and June 2023 with symptomatic se-
vere AS. All patients underwent first-time 
elective surgical aortic valve replacement at 
the Department of Cardiovascular Surgery 
and Transplantology, John Paul II Hospital, 
Kraków, Poland. Data on demographics, 
medical history, and current treatment were 
collected using a standardized questionnaire. 
Severe AS was defined as mean transvalvular 
pressure gradient (PGmean) ≥40 mm Hg, peak 
transvalvular velocity (Vmax) ≥4.0 m/s, and 
aortic valve area (AVA) ≤1 cm2 on transthoracic 
echocardiography [11]. Arterial hypertension, 
hypercholesterolemia, and atherosclerosis 
were diagnosed as previously described [12]. 
The exclusion criteria for AS patients included 
atherosclerotic vascular disease requiring 
revascularization, acute infection including 
infective endocarditis, rheumatic AS, diabetes 
mellitus, advanced chronic kidney disease, 
need for concomitant valvular surgery (e.g., 
mitral valve repair), percutaneous coronary 
intervention, recent (<3 months) acute cor-
onary syndrome or cerebrovascular episode, 
diagnosed malignancy, and pregnancy. An-
giographically documented coronary artery 
stenosis greater than 20% of the diameter was 
the exclusion criterion to avoid any influence 
of nonobstructive atherosclerosis [12, 13]. 

The ethics committee approved the study 
(8/KBL/OIL/2019 and 53/KBL/OIL/2022), 
and all participants provided their written 
informed consent in accordance with the 
Declaration of Helsinki.
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vere AS. All patients underwent first-time 
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were diagnosed as previously described [12]. 
The exclusion criteria for AS patients included 
atherosclerotic vascular disease requiring 
revascularization, acute infection including 
infective endocarditis, rheumatic AS, diabetes 
mellitus, advanced chronic kidney disease, 
need for concomitant valvular surgery (e.g., 
mitral valve repair), percutaneous coronary 
intervention, recent (<3 months) acute cor-
onary syndrome or cerebrovascular episode, 
diagnosed malignancy, and pregnancy. An-
giographically documented coronary artery 
stenosis greater than 20% of the diameter was 
the exclusion criterion to avoid any influence 
of nonobstructive atherosclerosis [12, 13]. 

The ethics committee approved the study 
(8/KBL/OIL/2019 and 53/KBL/OIL/2022), 
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Declaration of Helsinki.
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Fasting venous blood was drawn before aortic valve 
replacement. Citrated blood (9:1 of 0.106 M sodium citrate) 
was centrifuged at 2500 g for 20 minutes at 20°C, while 
blood drawn into serum tubes was centrifuged at 1600 g 
for 10 minutes at 4°C. Routine laboratory assays were used 
to determine glucose, creatinine, lipid profile, C-reactive 
protein, and fibrinogen. 

Aortic valves were collected during open heart surgery, 
embedded in Cryomatrix (Thermo Scientific, Kalamazoo, 
MN, US), and sectioned into 5 μm slices with a Leica 
CM1520 cryostat. Five control valves were obtained at 
autopsy from apparently healthy individuals of similar age.

Activation of FXI was assessed indirectly by double 
staining of FXI with active FIX (FIXa) or TF. Immunostain-
ing was conducted according to the previously described 
protocol [12] using primary antibodies against FXI (Santa 
Cruz Biotechnology, Dallas, TX, US), FIXa (Antibodies-online, 
Aachen, Germany), TF (Abcam, Cambridge, UK), and bone 
morphogenetic protein 2 (BMP2; Abcam). The correspond-
ing secondary antibodies conjugated with AlexaFluor 
488 or 594 (Abcam) were applied. A negative IgG isotype 
control was performed routinely. Olympus BX43 micro-
scope (Tokyo, Japan) was used to analyze the images. The 
percentage of immunopositive areas was calculated as 
previously described [12, 13], and 15 serial step sections 
were analyzed per valve by two independent observers 
blinded for the sample origin.

Statistical analysis
All statistics were performed using STATISTICA software 
(Version 13.3, TIBCO Software, Palo Alto, CA, US). Categor-
ical variables were presented as numbers and percentag-
es, while continuous variables were expressed as means 
and standard deviations (SD) or medians and quartiles 
Q1–Q3. Normality was analyzed by the Shapiro-Wilk test. 
Associations between variables were calculated using Pear-
son or Spearman correlation coefficients, as appropriate. 
A P-value of <0.05 was considered statistically significant.

RESULTS AND DISCUSSION
Baseline characteristics of AS patients are shown in Table 
S1 (Supplementary material, Table S1). In loco analysis re-
vealed valvular expression of FXI within all studied stenotic 

valves, but not within control ones (Figure 1A and B). The 
mean (SD) FXI-immunopositive valve area constituted 
21.5 (1.4)% of the total leaflet area, while means (SD) for 
FIXa and TF were 17.2 (2.5)% and 26.5 (5.1)%, respectively. 
The mean (SD) BMP2-positive area was 23.9 (4.1)%. The 
expression of studied proteins was observed at the aortic 
side of the stenotic leaflets and presented a condensed 
pattern of fluorescence. Interestingly, the expression of FXI 
co-expressed with FIXa in 66%, suggesting local activation 
of the intrinsic pathway as well as in 71% with TF, the major 
component of the extrinsic coagulation pathway (Figure 
1C and D). Moreover, FXI co-expressed with BMP2 in 83% 
(Figure 1E), which supports our previous finding that coa-
gulation activation is involved in leaflet calcification [4, 5, 
12, 14]. Importantly, valvular amounts of FXI correlated with 
disease severity reflected by Vmax (r = 0.54; P = 0.01), both 
transvalvular pressure gradients (PGmean r = 0.49; P = 0.03; 
PGmax r = 0.53; P = 0.02), and AVA (r = –0.53; P = 0.02) (Sup-
plementary material, Figure S1). Valvular expression of FIXa 
correlated with AVA (r = –0.49; P = 0.03) and Vmax (r = 0.44; 
P = 0.049) but not transvalvular pressure gradients (both 
P >0.05).

To the best of our knowledge, this report provides the 
first evidence that the intrinsic coagulation pathway is acti-
vated within stenotic aortic valves. A strong co-expression 
of FXI with FIXa, TF, and BMP2 highlights the involvement 
of both coagulation pathways in valve calcification. Co-
agulation activation within stenotic valves is implicated 
in both valvular inflammation and calcification via the 
nuclear transcription factor kappa B (NF-κB) pathway [12]. 
Since the current study showed that abundant FXI valvular 
expression was associated with disease severity, it is tempt-
ing to speculate that FXIa inhibitors, such as asundexian 
or milvexian [15] might not only attenuate coagulation 
activation but also inflammatory response and thus retard 
AS progression. Importantly, phase II clinical trials showed 
that FXIa inhibitors prevent stroke and systemic embo-
lism in patients with atrial fibrillation without increasing 
bleeding risk compared to non-vitamin K antagonist oral 
anticoagulants [15]. Therefore, FXIa inhibition might offer 
a novel strategy for preventing AS development and/or 
progression, at least in patients with an indication for an-
ticoagulant therapy. Moreover, taking into account FXI 

Figure 1. Valvular factor (F)XI expression together with active FIX(a), tissue factor (TF), and bone morphogenetic protein 2 (BMP2). Repre-
sentative microphotographs of A. Valvular expression of (FXI) in control leaflets and B. Stenotic leaflets. C–E. Colocalization (orange) of FXI 
(green) and active FIX(a) (FIXa), TF, or bone morphogenetic protein 2 (BMP2) (red) within stenotic leaflets. Red arrowheads indicate the aortic 
side of the leaflet; yellow arrowheads indicate the immunopositive areas. Scale bar 200 µm, original magnification 4×
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embedded in Cryomatrix (Thermo Scientific, Kalamazoo, 
MN, US), and sectioned into 5 μm slices with a Leica 
CM1520 cryostat. Five control valves were obtained at 
autopsy from apparently healthy individuals of similar age.

Activation of FXI was assessed indirectly by double 
staining of FXI with active FIX (FIXa) or TF. Immunostain-
ing was conducted according to the previously described 
protocol [12] using primary antibodies against FXI (Santa 
Cruz Biotechnology, Dallas, TX, US), FIXa (Antibodies-online, 
Aachen, Germany), TF (Abcam, Cambridge, UK), and bone 
morphogenetic protein 2 (BMP2; Abcam). The correspond-
ing secondary antibodies conjugated with AlexaFluor 
488 or 594 (Abcam) were applied. A negative IgG isotype 
control was performed routinely. Olympus BX43 micro-
scope (Tokyo, Japan) was used to analyze the images. The 
percentage of immunopositive areas was calculated as 
previously described [12, 13], and 15 serial step sections 
were analyzed per valve by two independent observers 
blinded for the sample origin.

Statistical analysis
All statistics were performed using STATISTICA software 
(Version 13.3, TIBCO Software, Palo Alto, CA, US). Categor-
ical variables were presented as numbers and percentag-
es, while continuous variables were expressed as means 
and standard deviations (SD) or medians and quartiles 
Q1–Q3. Normality was analyzed by the Shapiro-Wilk test. 
Associations between variables were calculated using Pear-
son or Spearman correlation coefficients, as appropriate. 
A P-value of <0.05 was considered statistically significant.

RESULTS AND DISCUSSION
Baseline characteristics of AS patients are shown in Table 
S1 (Supplementary material, Table S1). In loco analysis re-
vealed valvular expression of FXI within all studied stenotic 

valves, but not within control ones (Figure 1A and B). The 
mean (SD) FXI-immunopositive valve area constituted 
21.5 (1.4)% of the total leaflet area, while means (SD) for 
FIXa and TF were 17.2 (2.5)% and 26.5 (5.1)%, respectively. 
The mean (SD) BMP2-positive area was 23.9 (4.1)%. The 
expression of studied proteins was observed at the aortic 
side of the stenotic leaflets and presented a condensed 
pattern of fluorescence. Interestingly, the expression of FXI 
co-expressed with FIXa in 66%, suggesting local activation 
of the intrinsic pathway as well as in 71% with TF, the major 
component of the extrinsic coagulation pathway (Figure 
1C and D). Moreover, FXI co-expressed with BMP2 in 83% 
(Figure 1E), which supports our previous finding that coa-
gulation activation is involved in leaflet calcification [4, 5, 
12, 14]. Importantly, valvular amounts of FXI correlated with 
disease severity reflected by Vmax (r = 0.54; P = 0.01), both 
transvalvular pressure gradients (PGmean r = 0.49; P = 0.03; 
PGmax r = 0.53; P = 0.02), and AVA (r = –0.53; P = 0.02) (Sup-
plementary material, Figure S1). Valvular expression of FIXa 
correlated with AVA (r = –0.49; P = 0.03) and Vmax (r = 0.44; 
P = 0.049) but not transvalvular pressure gradients (both 
P >0.05).

To the best of our knowledge, this report provides the 
first evidence that the intrinsic coagulation pathway is acti-
vated within stenotic aortic valves. A strong co-expression 
of FXI with FIXa, TF, and BMP2 highlights the involvement 
of both coagulation pathways in valve calcification. Co-
agulation activation within stenotic valves is implicated 
in both valvular inflammation and calcification via the 
nuclear transcription factor kappa B (NF-κB) pathway [12]. 
Since the current study showed that abundant FXI valvular 
expression was associated with disease severity, it is tempt-
ing to speculate that FXIa inhibitors, such as asundexian 
or milvexian [15] might not only attenuate coagulation 
activation but also inflammatory response and thus retard 
AS progression. Importantly, phase II clinical trials showed 
that FXIa inhibitors prevent stroke and systemic embo-
lism in patients with atrial fibrillation without increasing 
bleeding risk compared to non-vitamin K antagonist oral 
anticoagulants [15]. Therefore, FXIa inhibition might offer 
a novel strategy for preventing AS development and/or 
progression, at least in patients with an indication for an-
ticoagulant therapy. Moreover, taking into account FXI 

Figure 1. Valvular factor (F)XI expression together with active FIX(a), tissue factor (TF), and bone morphogenetic protein 2 (BMP2). Repre-
sentative microphotographs of A. Valvular expression of (FXI) in control leaflets and B. Stenotic leaflets. C–E. Colocalization (orange) of FXI 
(green) and active FIX(a) (FIXa), TF, or bone morphogenetic protein 2 (BMP2) (red) within stenotic leaflets. Red arrowheads indicate the aortic 
side of the leaflet; yellow arrowheads indicate the immunopositive areas. Scale bar 200 µm, original magnification 4×
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contribution to inflammation in atherosclerosis, targeting 
FXI might influence the cross-talk between coagulation 
and inflammation, resulting in retardation of aortic valve 
leaflets calcification. Clinical relevance of our findings 
requires further studies. 

Supplementary material 
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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INTRODUCTION
Cardioneuroablation (CNA) was shown to ef-
fectively treat functional bradycardia without 
the need for permanent pacemaker (PPM) 
implantation in a wide spectrum of bradyar-
rhythmias including sinus node dysfunction 
(SND), tachycardia-bradycardia syndrome, 
atrioventricular blocks (AVBs), cardioinhibi-
tory or mixed vasovagal syncope (VVS), and 
cardioinhibitory carotid sinus syndrome or 
hypersensitivity. Pacemaker implantation 
is associated with costs, complications, and 
restrictions on daily activities [1–4]. However, 
although CNA is associated with a favorable 
risk-to-benefit ratio, low complication rates, 
and targeted modulation of cardiac autonom-
ic innervation, currently, it is not recommend-
ed by guidelines [5, 6]. According to class 
I/IIa/IIb indications for PPM therapy, CNA has 
to be canceled or postponed in eligible pa-
tients following shared decision-making and 
informed consent [7]. We aimed to reassess 
indications for PPM implantation and discon-
tinuation of PPM therapy after CNA in patients 
referred for an electrophysiological study and 
extracardiac vagal nerve stimulation (ECVS).

METHODS
Data were collected from the Rare-a-CaREg-
istry, a Polish prospective and retrospective 
multicenter ablation registry (2017–pres-

ent) involving 10 centers (listed in Supple-
mentary material, Table S1). Patients were 
recruited in the years 2017–2022. This study 
was planned to asses secondary outcomes, 
involving consecutive patients qualified for 
cardioneuroablation. Patients with various 
cardiovascular abnormalities were recruited, 
including structural heart disease, previous 
cardiac surgery, supraventricular or ventricular 
arrhythmia, prolonged corrected sinus node 
recovery time (>525 ms), previous ablation 
procedures, or PPM implantation. Patient 
demographics are presented in Supplemen-
tary material, Table S2. The management of 
patients before and after CNA encompassed 
comprehensive consultations, state-of-the-art 
cardiovascular autonomic testing, atropine 
tests, and electrographic (ECG) monitoring. 
Shared decision-making was used to explain 
possible treatment options and to provide 
patient-centered therapy in order to ascertain 
that the patient fulfilled indications for PPM 
therapy according to the European Society 
of Cardiology (ESC) guidelines and was aware 
that CNA was used as an alternative and ex-
perimental technique.

All patients had bradycardia-related 
symptoms documented by ECG. Patients were 
referred for CNA following a positive atropine 
test, defined as an increase in heart rate in 
sinus rhythm by at least 30% within 10 min-
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INTRODUCTION
Cardioneuroablation (CNA) was shown to ef-
fectively treat functional bradycardia without 
the need for permanent pacemaker (PPM) 
implantation in a wide spectrum of bradyar-
rhythmias including sinus node dysfunction 
(SND), tachycardia-bradycardia syndrome, 
atrioventricular blocks (AVBs), cardioinhibi-
tory or mixed vasovagal syncope (VVS), and 
cardioinhibitory carotid sinus syndrome or 
hypersensitivity. Pacemaker implantation 
is associated with costs, complications, and 
restrictions on daily activities [1–4]. However, 
although CNA is associated with a favorable 
risk-to-benefit ratio, low complication rates, 
and targeted modulation of cardiac autonom-
ic innervation, currently, it is not recommend-
ed by guidelines [5, 6]. According to class 
I/IIa/IIb indications for PPM therapy, CNA has 
to be canceled or postponed in eligible pa-
tients following shared decision-making and 
informed consent [7]. We aimed to reassess 
indications for PPM implantation and discon-
tinuation of PPM therapy after CNA in patients 
referred for an electrophysiological study and 
extracardiac vagal nerve stimulation (ECVS).

METHODS
Data were collected from the Rare-a-CaREg-
istry, a Polish prospective and retrospective 
multicenter ablation registry (2017–pres-

ent) involving 10 centers (listed in Supple-
mentary material, Table S1). Patients were 
recruited in the years 2017–2022. This study 
was planned to asses secondary outcomes, 
involving consecutive patients qualified for 
cardioneuroablation. Patients with various 
cardiovascular abnormalities were recruited, 
including structural heart disease, previous 
cardiac surgery, supraventricular or ventricular 
arrhythmia, prolonged corrected sinus node 
recovery time (>525 ms), previous ablation 
procedures, or PPM implantation. Patient 
demographics are presented in Supplemen-
tary material, Table S2. The management of 
patients before and after CNA encompassed 
comprehensive consultations, state-of-the-art 
cardiovascular autonomic testing, atropine 
tests, and electrographic (ECG) monitoring. 
Shared decision-making was used to explain 
possible treatment options and to provide 
patient-centered therapy in order to ascertain 
that the patient fulfilled indications for PPM 
therapy according to the European Society 
of Cardiology (ESC) guidelines and was aware 
that CNA was used as an alternative and ex-
perimental technique.

All patients had bradycardia-related 
symptoms documented by ECG. Patients were 
referred for CNA following a positive atropine 
test, defined as an increase in heart rate in 
sinus rhythm by at least 30% within 10 min-
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utes after intravenous atropine administration at a dose 
of 0.02–0.04 mg/kg (maximum, 2 mg). Following atropine 
administration, patients were monitored for 30 minutes. 

The primary endpoint of CNA was the resolution 
of ECVS-induced sinus arrest and AVB during proximal 
coronary sinus pacing. Anatomically guided biatrial and 
binodal CNA was performed, with fluoroscopic and ultra-
sonographic guidance for ECVS [8]. CNA was performed 
using three-dimensional electroanatomic systems (EnSite 
Velocity/Precision Mapping Systems, Abbott, US), as report-
ed previously [8–10]. Six GPs were targeted: superior septal 
GP (left and right), inferior septal GP (left and right), vena 
cava superior/aortic root GP, and left superior GP. In patients 
with previous severe syncope, with high-risk professions, 
and with PPMs, reassessment with an electrophysiological 
study and ECVS was recommended before the decision to 
discontinue pacing and perform transvenous lead extrac-
tion was made [10]. In the subgroup of tachycardia-brad-
ycardia with indications for PPM therapy, 26 of 100 (26%) 
patients underwent CNA and pulmonary vein isolation.

The study was approved by an appropriate institution-
al review board (Rare-a-CaREgistry, Rzeszow University, 
6.04.2017; No. 5/4/2017), and written informed consent 
was obtained from all patients.

Statistical analysis
Numerical data were expressed by means with standard 
deviation. Categorical data were presented as absolute 
numbers with percentages. Variables before and after CNA 
were compared using McNemar’s χ2 and exact McNemar’s 
χ2 tests. Statistica v. 13 (Statsoft, Poland) was used for 
analysis. Statistical significance of the test was assumed 
at P <0.05.

RESULTS AND DISCUSSION 
Cardioneuroablation was performed in 195 consecu-
tive adult patients (mean age 55.6 [14.3] years; women, 
107 [54%]) (Figure 1). Of the 195 patients, 17 (8.2%) previ-
ously underwent PPM implantation.

As per the ESC guidelines [6], 100 of the 178 patients 
(56.1%) had de novo indications for PPM therapy before 
CNA: SND was reported in 88 patients (45%); AVB in 
21 (10%); tachycardia-bradycardia syndrome in 26 (13%); 
cardioinhibitory VVS in 41 (21%); and cardioinhibitory 
carotid sinus syndrome or carotid sinus hypersensitivity in 
3 patients (1.5%). Complex indications (≥2) were reported 
in 45 patients (23%). In 78 patients, the indication for CNA 
was symptomatic bradycardia, which is not a class I, IIa, and 
IIb indication for PPM therapy. According to the 2021 ESC 
guidelines, pacing therapy is not recommended in patients 
with cardioinhibitory vasovagal reflex diagnosed during 
the head-up tilt test and aged below 40 years. Therefore, 
such patients were not considered candidates for PPM 
therapy in our study. Several patients did not fulfill the 
criteria for severe recurrent syncopal episodes. 

Indications for de novo PPM therapy were present in 
32 of the 86 patients (37%) aged 60 years or older. During 
follow-up (mean, 23.7 [10.3] months) after successful 
CNA procedures (226 procedures in 195 patients; mean, 
1.1 [0.2] procedures), no deaths were reported, and only 
10 of the 195 patients (5%) experienced recurrent synco-
pal episodes. Of the 10 patients, 8 were diagnosed with 
orthostatic/vasodepressive syncope with a clear prodromal 
phase. Despite positive atropine tests before the procedure 
and CNA, 4 of the 100 patients (4%) with indications for 
pacing before CNA still demonstrated those indications 
at follow-up due to an intrinsic substrate. Finally, 6 of the 
178 patients (3.4%) met de novo criteria for pacing after CNA 
(P <0.01). These criteria included coexisting functional and 
structural bradycardia (n = 3), recurrent bradycardia after 
CNA with syncope and presyncope and refusal to undergo 
the second CNA procedure (n = 2), and late development 
of severe sinus chronotropic incompetence (n = 1) after 
successful CNA for prolonged functional AVB with syncope. 
Of the 195 patients, 7 (3.5%) developed major complica-
tions associated with CNA, including cardiac tamponade 
(2 patients), pericarditis (2 patients), pericardial effusion 
(1 patient), femoral aneurysm (1 patient), and pneumo-
thorax, also in 1 patient. All complications were treated 
non-surgically and had no late consequences.

The discontinuation of PPM therapy and transvenous 
lead extraction after CNA were recommended and per-
formed in 14 of the 17 patients (82.3%) with previous PPM 
implantation (P <0.01). At the last follow-up visit, patients 
were asked about recurrence of bradycardia symptoms, 
and indications for bradycardia treatment were recon-
sidered. Of the 186 patients without PPM after CNA, 81% 
gave consent to another CNA procedure instead of PPM 
implantation and 10% accepted the management strategy 
of the physician’s choice. In 4 of 100 patients after cardio-
neuroablation, PPM therapy was continued or initiated 
(Supplementary material, Table S2). 

In our study, 56.1% of patients referred for CNA had de 
novo indications for permanent pacing. At middle-term 
follow-up, the number of patients with indications for 
pacing significantly decreased. Our findings suggest 
that CNA is an effective therapeutic approach in a wide 
range of patients with functional bradycardia. However, 
if needed, coexisting intrinsic and extrinsic substrates 
should be considered for further assessment and per-
manent pacing. Complex bradyarrhythmic substrates 
before and after CNA require ongoing comprehensive 
management including multidisciplinary consultations, 
cardiovascular autonomic testing, ECG monitoring, and 
shared decision-making. There is currently no clearly 
defined strategy in European or American guidelines for 
the management of SND/AVB secondary to persistent 
and/or paroxysmal vagal tone hyperactivity [5, 6, 11]. 
The superiority of CNA in patients with cardioinhibitory 
or mixed VVS was confirmed only in the ROMAN-1 study 
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utes after intravenous atropine administration at a dose 
of 0.02–0.04 mg/kg (maximum, 2 mg). Following atropine 
administration, patients were monitored for 30 minutes. 
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ycardia with indications for PPM therapy, 26 of 100 (26%) 
patients underwent CNA and pulmonary vein isolation.

The study was approved by an appropriate institution-
al review board (Rare-a-CaREgistry, Rzeszow University, 
6.04.2017; No. 5/4/2017), and written informed consent 
was obtained from all patients.
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Numerical data were expressed by means with standard 
deviation. Categorical data were presented as absolute 
numbers with percentages. Variables before and after CNA 
were compared using McNemar’s χ2 and exact McNemar’s 
χ2 tests. Statistica v. 13 (Statsoft, Poland) was used for 
analysis. Statistical significance of the test was assumed 
at P <0.05.

RESULTS AND DISCUSSION 
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tive adult patients (mean age 55.6 [14.3] years; women, 
107 [54%]) (Figure 1). Of the 195 patients, 17 (8.2%) previ-
ously underwent PPM implantation.

As per the ESC guidelines [6], 100 of the 178 patients 
(56.1%) had de novo indications for PPM therapy before 
CNA: SND was reported in 88 patients (45%); AVB in 
21 (10%); tachycardia-bradycardia syndrome in 26 (13%); 
cardioinhibitory VVS in 41 (21%); and cardioinhibitory 
carotid sinus syndrome or carotid sinus hypersensitivity in 
3 patients (1.5%). Complex indications (≥2) were reported 
in 45 patients (23%). In 78 patients, the indication for CNA 
was symptomatic bradycardia, which is not a class I, IIa, and 
IIb indication for PPM therapy. According to the 2021 ESC 
guidelines, pacing therapy is not recommended in patients 
with cardioinhibitory vasovagal reflex diagnosed during 
the head-up tilt test and aged below 40 years. Therefore, 
such patients were not considered candidates for PPM 
therapy in our study. Several patients did not fulfill the 
criteria for severe recurrent syncopal episodes. 

Indications for de novo PPM therapy were present in 
32 of the 86 patients (37%) aged 60 years or older. During 
follow-up (mean, 23.7 [10.3] months) after successful 
CNA procedures (226 procedures in 195 patients; mean, 
1.1 [0.2] procedures), no deaths were reported, and only 
10 of the 195 patients (5%) experienced recurrent synco-
pal episodes. Of the 10 patients, 8 were diagnosed with 
orthostatic/vasodepressive syncope with a clear prodromal 
phase. Despite positive atropine tests before the procedure 
and CNA, 4 of the 100 patients (4%) with indications for 
pacing before CNA still demonstrated those indications 
at follow-up due to an intrinsic substrate. Finally, 6 of the 
178 patients (3.4%) met de novo criteria for pacing after CNA 
(P <0.01). These criteria included coexisting functional and 
structural bradycardia (n = 3), recurrent bradycardia after 
CNA with syncope and presyncope and refusal to undergo 
the second CNA procedure (n = 2), and late development 
of severe sinus chronotropic incompetence (n = 1) after 
successful CNA for prolonged functional AVB with syncope. 
Of the 195 patients, 7 (3.5%) developed major complica-
tions associated with CNA, including cardiac tamponade 
(2 patients), pericarditis (2 patients), pericardial effusion 
(1 patient), femoral aneurysm (1 patient), and pneumo-
thorax, also in 1 patient. All complications were treated 
non-surgically and had no late consequences.

The discontinuation of PPM therapy and transvenous 
lead extraction after CNA were recommended and per-
formed in 14 of the 17 patients (82.3%) with previous PPM 
implantation (P <0.01). At the last follow-up visit, patients 
were asked about recurrence of bradycardia symptoms, 
and indications for bradycardia treatment were recon-
sidered. Of the 186 patients without PPM after CNA, 81% 
gave consent to another CNA procedure instead of PPM 
implantation and 10% accepted the management strategy 
of the physician’s choice. In 4 of 100 patients after cardio-
neuroablation, PPM therapy was continued or initiated 
(Supplementary material, Table S2). 

In our study, 56.1% of patients referred for CNA had de 
novo indications for permanent pacing. At middle-term 
follow-up, the number of patients with indications for 
pacing significantly decreased. Our findings suggest 
that CNA is an effective therapeutic approach in a wide 
range of patients with functional bradycardia. However, 
if needed, coexisting intrinsic and extrinsic substrates 
should be considered for further assessment and per-
manent pacing. Complex bradyarrhythmic substrates 
before and after CNA require ongoing comprehensive 
management including multidisciplinary consultations, 
cardiovascular autonomic testing, ECG monitoring, and 
shared decision-making. There is currently no clearly 
defined strategy in European or American guidelines for 
the management of SND/AVB secondary to persistent 
and/or paroxysmal vagal tone hyperactivity [5, 6, 11]. 
The superiority of CNA in patients with cardioinhibitory 
or mixed VVS was confirmed only in the ROMAN-1 study 
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Figure 1. Flowchart of the study

Abbreviations: CNA, cardioneuroablation; ECVS, extracardiac vagal nerve stimulation; EPS, electrophysiological study; ESC, European Society 
of Cardiology; PM, pacemaker;  PPMT, permanent pacemaker therapy; SD, standard deviation; TLE, transvenous lead extraction  
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although without a direct comparison with permanent 
pacing in patients older than 40 years [3].

CONCLUSIONS
More than 50% of patients referred for CNA had indications 
for permanent pacing (half of them had complex indica-
tions). While some patients may require permanent pacing 
due to failed can, coexisting, or de novo complex structural 
bradyarrhythmia, in pure functional bradycardia patients, 
CNA may be an alternative to permanent pacing as the 
first-line treatment option. This allows postponement or 
cancellation of permanent pacing in the majority of pa-
tients with suspected functional bradyarrhythmia. Based 
on these findings, ongoing comprehensive monitoring 
is required in patients with functional bradyarrhythmia 

to introduce patient-centered therapy and management 
strategies based on shared decision-making. Randomized 
controlled trials are warranted to validate indications for 
CNA and PPM therapy in this population.
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Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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INTRODUCTION
Since their introduction in 2000, left ventricu-
lar assist devices (LVADs) have become an 
important treatment option for patients with 
heart failure with reduced ejection fraction 
(HFrEF). However, after LVAD implantation as 
a bridge to candidacy, recovery, transplanta-
tion, or destination therapy, patients require 
continuation of optimal medical therapy 
(OMT) [1]. So far, expert positions on heart 
failure (HF) permanent medical therapy have 
not focused on patients with LVADs [1–4]. 

The study aimed to compare medical the-
rapy in patients before and after (at discharge) 
LVAD implantation.

METHODS
We included in this prospective single-center 
study all consecutive patients who were 
undergoing rehabilitation after LVAD im-
plantation (Jan 1, 2019–Dec 31, 2021) at the 
Department of Coronary Artery Disease and 
Cardiac Rehabilitation, National Institute of 
Cardiology, Warsaw. Patients had implanted 
HeartMate3 and HVADTM Systems (till June 
3, 2021). Demographic, clinical charac-
teristics, and medical therapy of HF were 
analyzed before and on discharge from the 
hospital. The analyzed data were obtained 
on an ongoing basis from hospital medical 
records. The study was supported by the 
State Committee for Scientific Research 
(STRATEGMED2/266798/15/NCBIR/2015). 
Bioethical Committee approval was issued 
on April 2, 2019 (IK-NPIA-0021-55/1784/2019). 

Statistical analysis
In the statistical analysis, the results of contin-
uous variables were presented in the forms 

of arithmetic means and standard devia-
tions (normal distributions) or medians and 
quartiles (skewed distributions). Qualitative 
variables were reported as counts and per-
centages. McNemar’s test (binary variables) 
or symmetry tests (nominal variables with 
3 categories) were used to compare the sig-
nificance of differences in treatment changes 
before and after the procedure. Two-sided 
testing was applied, and a P <0.05 was con-
sidered statistically significant. The analysis 
was performed using the SAS 9.4 statistical 
package (SAS Institute, NC, US).

RESULTS AND DISCUSSION 
The study included 55 men with HFrEF, New 
York Heart Association class IV, after LVAD 
implantation. The mean age was 55.5 (10.7) 
years; left ventricular ejection fraction was 
15.8 (4.6)%. The median length of hospital 
stay was 31 (24–43) days. Medical history 
included coronary artery disease: 31 patients 
(56.4%), valvular heart disease: 8 (14.5%), 
ventricular tachycardia/fibrillation: 37 (67.3%), 
atrial fibrillation: 35 (63.6%), cardiac resyn-
chronization therapy: 11 (20%), implantable 
cardioverter-defibrillator: 50 (90.9%), stroke: 
11 (20%), peripheral artery disease: 11 (20%), 
arterial hypertension: 34 (68%), diabetes: 
21 (38.2%). Median creatinine concentration 
was 1.23 (0.94–1.97) mg/dl (Supplementary 
material, Table S1).

There were no changes before and 
after LVAD implantation in (1) use of beta- 
blockers (BB) –53 patients (96.4%) used them 
before LVAD implantation vs. 54 (98.2%) after 
the procedure (P = 0.56), (2) use of mine-
ralocorticoid receptor antagonists (MRA): 
53 patients (96.4%) vs. 50 (90.9%); P = 0.08, 
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INTRODUCTION
Since their introduction in 2000, left ventricu-
lar assist devices (LVADs) have become an 
important treatment option for patients with 
heart failure with reduced ejection fraction 
(HFrEF). However, after LVAD implantation as 
a bridge to candidacy, recovery, transplanta-
tion, or destination therapy, patients require 
continuation of optimal medical therapy 
(OMT) [1]. So far, expert positions on heart 
failure (HF) permanent medical therapy have 
not focused on patients with LVADs [1–4]. 

The study aimed to compare medical the-
rapy in patients before and after (at discharge) 
LVAD implantation.

METHODS
We included in this prospective single-center 
study all consecutive patients who were 
undergoing rehabilitation after LVAD im-
plantation (Jan 1, 2019–Dec 31, 2021) at the 
Department of Coronary Artery Disease and 
Cardiac Rehabilitation, National Institute of 
Cardiology, Warsaw. Patients had implanted 
HeartMate3 and HVADTM Systems (till June 
3, 2021). Demographic, clinical charac-
teristics, and medical therapy of HF were 
analyzed before and on discharge from the 
hospital. The analyzed data were obtained 
on an ongoing basis from hospital medical 
records. The study was supported by the 
State Committee for Scientific Research 
(STRATEGMED2/266798/15/NCBIR/2015). 
Bioethical Committee approval was issued 
on April 2, 2019 (IK-NPIA-0021-55/1784/2019). 

Statistical analysis
In the statistical analysis, the results of contin-
uous variables were presented in the forms 

of arithmetic means and standard devia-
tions (normal distributions) or medians and 
quartiles (skewed distributions). Qualitative 
variables were reported as counts and per-
centages. McNemar’s test (binary variables) 
or symmetry tests (nominal variables with 
3 categories) were used to compare the sig-
nificance of differences in treatment changes 
before and after the procedure. Two-sided 
testing was applied, and a P <0.05 was con-
sidered statistically significant. The analysis 
was performed using the SAS 9.4 statistical 
package (SAS Institute, NC, US).

RESULTS AND DISCUSSION 
The study included 55 men with HFrEF, New 
York Heart Association class IV, after LVAD 
implantation. The mean age was 55.5 (10.7) 
years; left ventricular ejection fraction was 
15.8 (4.6)%. The median length of hospital 
stay was 31 (24–43) days. Medical history 
included coronary artery disease: 31 patients 
(56.4%), valvular heart disease: 8 (14.5%), 
ventricular tachycardia/fibrillation: 37 (67.3%), 
atrial fibrillation: 35 (63.6%), cardiac resyn-
chronization therapy: 11 (20%), implantable 
cardioverter-defibrillator: 50 (90.9%), stroke: 
11 (20%), peripheral artery disease: 11 (20%), 
arterial hypertension: 34 (68%), diabetes: 
21 (38.2%). Median creatinine concentration 
was 1.23 (0.94–1.97) mg/dl (Supplementary 
material, Table S1).

There were no changes before and 
after LVAD implantation in (1) use of beta- 
blockers (BB) –53 patients (96.4%) used them 
before LVAD implantation vs. 54 (98.2%) after 
the procedure (P = 0.56), (2) use of mine-
ralocorticoid receptor antagonists (MRA): 
53 patients (96.4%) vs. 50 (90.9%); P = 0.08, 
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(3) loop diuretics, 1 or 2: 52 patients (94.6%) vs. 46 (83.7%); 
P = 0.09 — with tendency to reduce, (4) digoxin: 9 patients 
(16.4%) vs. 8 (14.5%); P = 0.80. The number of patients 
treated with sacubitril/valsartan was low: 4 (7.3%) before 
vs. 2 (3.6%) after the procedure; P = 0.16. There was a reduc-
tion in using (1) angiotensin-converting enzyme inhibitors 
(ACEI): 33 patients (60.0%) before vs. 16 (29.1%) after the 
procedure; P <0.001, (2) thiazide diuretics: 11 patients (20%) 
before vs. 0 (0%) after the procedure; P = 0.004, and (3) 
amiodarone: 17 patients (30.9%) before vs. 7 (12.7%) after 
the procedure; P = 0.012. 

At discharge, there was, however, an increase in the 
use of (1) angiotensin receptor blockers (ARB): 16 patients 
(29.1%) vs. 33 (60.0%); P <0.001, (2) allopurinol 30 (54.5%) 
vs. 38 (69.1%); P = 0.045, and (3) proton-pump inhibitors: 
33 (60%) vs. 48 (87.3%); P = 0.002. The number of patients 
receiving vitamin K antagonists increased: 30 (54.5%) 
vs. 48 (87.3%); P <0.001, so did the number of patients 
taking aspirin: 27 (49.1%) vs. 49 (89.1); P <0.001, due to 
implanted devices (Table 1). No adverse events that would 
cause withdrawal from any drug have been observed. There 
were no deaths during hospitalization. 

The new findings of the current report are that HF 
optimal treatment in accordance with the guidelines, 

which includes the basic drug groups: BB, ACEI/ARB, 
MRA, and loop diuretics despite LVAD implantation was 
continued and ACEI usage was reduced in favor of the 
ARB, probably due to better tolerance. Continuation of 
treatment with loop diuretics despite improvement of left 
ventricular hemodynamic parameters may be surprising, 
but 56% of patients had chronic kidney disease (mean 
eGFR 49.1 ml/min, standard deviation 16). According to 
the 2019 European Association for Cardio-Thoracic Surgery 
Expert Consensus on long-term mechanical circulatory 
support, many patients still suffer from volume overload 
after LVAD implantation and require diuretic therapies [5]. 
During the study period, sodium-glucose cotransporter 
2 inhibitors were not routinely used due to their limited 
availability and publication of the guidelines for their use 
only in the final phase of the study [2]. Despite a lack of 
well-controlled data, there are potential benefits of HFrEF 
OMT in LVAD patients to improve, among others, pulmo-
nary circulation conditions, right ventricular support, and 
to reduce atrial and ventricular arrhythmias. Compared 
to other published retrospective studies, in our study the 
percentage of patients treated in the same way as before 
LVAD implantation was significantly higher. There were 
no significant differences in the treatment modes before 

Table 1. Medical therapy before and after LVAD implantation (n = 55)

Before 
implantation 

After  
implantation 

P-value
McNemar test

Drug withdrawal  
after implantationa

Drug initiationb 

Beta-blockers 53 (96.4) 54 (98.2) 1.00 1 (1.9) 2 (3.7)

MRA 53 (96.4) 50 (90.9) 0.25 3 (5.7) 0 (0)

ACEI 33 (60.0) 16 (29.1) <0.001 17 (51.5) 0 (0)

ARB 16 (29.1) 33 (60.0) <0.001 2 (12.5) 19 (57.6)

VKA 30 (54.5) 48 (87.3) <0.001 4 (13.3) 22 (45.8)

ASA 27 (49.1) 49 (89.1) <0.001 2 (7.4) 24 (49.0)

Clopidogrel 1 (1.8) 1 (1.8) 1.00 1 (100) 1 (100)

Heparin 8 (14.5) 6 (10.9) 0.59 8 (100) 6 (100)

Loop diuretics 

0 (none) 3 (5.4) 9 (16.3) 0.09 9 (17.3) 3 (6.5)

1 (one) 27 (49.1) 31 (56.4)

2 (two) 25 (45.5) 15 (27.3)

Thiazide diuretics 11 (20.0) 0 (0) 0.004 11 (100) 0 (0)

Valsartan/sacubitril 4 (7.3) 2 (3.6) 0.50 2 (50.0) 0 (0)

SGLT-2i 1 (1.8) 2 (3.6) 1.00 0 (0) 1 (50.0)

Digoxin 9 (16.4) 8 (14.5) 0.80 8 (88.9) 7 (87.5)

Ivabradine 7 (12.7) 5 (9.1) 0.69 4 (57.1) 2 (40.0)

Amiodarone 17 (30.9) 7 (12.7) 0.012 13 (76.5) 3 (42.9)

Propafenone 1 (1.8) 1 (1.8) 1.00 1 (100) 1 (100)

Mexiletine 3 (5.4) 2 (3.6) 1.00 2 (66.7) 1 (50.0)

Sildenafil 11 (20.0) 18 (32.7) 0.13 7 (63.6) 14 (77.8)

Thyroxine 7 (12.7) 10 (18.2) 0.25 0 (0) 3 (30.0)

Metformin 10 (18.2) 9 (16.4) 1.00 3 (30.0) 2 (22.2)

Insulin 2 (3.6) 2 (3.6) 1.00 0 (0) 0 (0)

Allopurinol 30 (54.5) 38 (69.1) 0.045 4 (13.3) 12 (31.6)

Iron 8 (14.5) 9 (16.4) 0.80 7 (87.5) 8 (88.9)

Antidepressants 7 (12.7) 18 (32.7) 0.012 4 (57.1) 15 (83.3)

IPP 33 (60.0) 48 (87.3) 0.002 4 (12.1) 19 (39.6)

Data are presented as numbers (percentage). aPercentages in relation to the number of patients taking a given drug before implantation. bPercentages relative to the number 
of patients taking a given drug after implantation

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptors blockers; ASA, acetylsalicylic acid; MRA, mineralocorticoid receptor antagonists; 
PPI, proton-pump inhibitors; SGLT-2i, sodium-glucose cotransporter 2 inhibitors; VKA, vitamin K antagonists
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vs. 2 (3.6%) after the procedure; P = 0.16. There was a reduc-
tion in using (1) angiotensin-converting enzyme inhibitors 
(ACEI): 33 patients (60.0%) before vs. 16 (29.1%) after the 
procedure; P <0.001, (2) thiazide diuretics: 11 patients (20%) 
before vs. 0 (0%) after the procedure; P = 0.004, and (3) 
amiodarone: 17 patients (30.9%) before vs. 7 (12.7%) after 
the procedure; P = 0.012. 
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(29.1%) vs. 33 (60.0%); P <0.001, (2) allopurinol 30 (54.5%) 
vs. 38 (69.1%); P = 0.045, and (3) proton-pump inhibitors: 
33 (60%) vs. 48 (87.3%); P = 0.002. The number of patients 
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vs. 48 (87.3%); P <0.001, so did the number of patients 
taking aspirin: 27 (49.1%) vs. 49 (89.1); P <0.001, due to 
implanted devices (Table 1). No adverse events that would 
cause withdrawal from any drug have been observed. There 
were no deaths during hospitalization. 

The new findings of the current report are that HF 
optimal treatment in accordance with the guidelines, 

which includes the basic drug groups: BB, ACEI/ARB, 
MRA, and loop diuretics despite LVAD implantation was 
continued and ACEI usage was reduced in favor of the 
ARB, probably due to better tolerance. Continuation of 
treatment with loop diuretics despite improvement of left 
ventricular hemodynamic parameters may be surprising, 
but 56% of patients had chronic kidney disease (mean 
eGFR 49.1 ml/min, standard deviation 16). According to 
the 2019 European Association for Cardio-Thoracic Surgery 
Expert Consensus on long-term mechanical circulatory 
support, many patients still suffer from volume overload 
after LVAD implantation and require diuretic therapies [5]. 
During the study period, sodium-glucose cotransporter 
2 inhibitors were not routinely used due to their limited 
availability and publication of the guidelines for their use 
only in the final phase of the study [2]. Despite a lack of 
well-controlled data, there are potential benefits of HFrEF 
OMT in LVAD patients to improve, among others, pulmo-
nary circulation conditions, right ventricular support, and 
to reduce atrial and ventricular arrhythmias. Compared 
to other published retrospective studies, in our study the 
percentage of patients treated in the same way as before 
LVAD implantation was significantly higher. There were 
no significant differences in the treatment modes before 

Table 1. Medical therapy before and after LVAD implantation (n = 55)

Before 
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After  
implantation 

P-value
McNemar test

Drug withdrawal  
after implantationa

Drug initiationb 

Beta-blockers 53 (96.4) 54 (98.2) 1.00 1 (1.9) 2 (3.7)

MRA 53 (96.4) 50 (90.9) 0.25 3 (5.7) 0 (0)

ACEI 33 (60.0) 16 (29.1) <0.001 17 (51.5) 0 (0)

ARB 16 (29.1) 33 (60.0) <0.001 2 (12.5) 19 (57.6)

VKA 30 (54.5) 48 (87.3) <0.001 4 (13.3) 22 (45.8)

ASA 27 (49.1) 49 (89.1) <0.001 2 (7.4) 24 (49.0)

Clopidogrel 1 (1.8) 1 (1.8) 1.00 1 (100) 1 (100)

Heparin 8 (14.5) 6 (10.9) 0.59 8 (100) 6 (100)
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0 (none) 3 (5.4) 9 (16.3) 0.09 9 (17.3) 3 (6.5)

1 (one) 27 (49.1) 31 (56.4)
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Valsartan/sacubitril 4 (7.3) 2 (3.6) 0.50 2 (50.0) 0 (0)
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Propafenone 1 (1.8) 1 (1.8) 1.00 1 (100) 1 (100)

Mexiletine 3 (5.4) 2 (3.6) 1.00 2 (66.7) 1 (50.0)
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and after the procedure except for more frequent use of 
ARB and a reduction in the use of thiazide diuretics and 
amiodarone. Continued use of BB is important to reduce 
the risk of arrhythmia and control blood pressure. The 
reduced use of ACEI in favor of the ARB was probably due 
to better ARB tolerance and the growing use of valsartan 
in combination with sacubitril [3]. Continuation of MRA 
treatment is important in terms of inhibiting fibrosis, 
further remodeling of heart chambers, and reducing ar-
rhythmias. Due to LVAD implantation, all patients received 
optimal anticoagulation (10.9% temporarily on heparin) 
and antiplatelet therapy.

The actual guidelines for the treatment of HF do not 
refer directly to the further medical treatment of LVAD pa-
tients in general because there have been no prospective 
studies on medical therapy in this group of patients so 
far [3, 4]. Continuing medical treatment in patients with 
cardiomyopathy of non-ischemic etiology has a key role 
in restoring the function of the cardiac muscle (class I C 
recommendation) [5]. HF medications (ACEI/ARB, BB, MRA, 
loop diuretics) should be considered during mechanical 
circulatory support (class IIa C recommendation) [5]. 
However, considering numerous comorbidities, such as 
cardiac arrhythmias, chronic kidney disease, liver failure, 
and others, OMT may be limited [6]. Treatment limitations 
may also result from improvement of the patient’s hemo-
dynamic status and prevention of excessive hypotension.

An analysis of 5840 LVAD recipients demonstrated that 
the use of ACEI/ARB was 53%, BB: 72%, loop diuretics: 66%, 
and MRA: only 34.4% at 6 months post implantation. Use of 
OMT (ACEI/ARB, MRA, BB) was higher for those implanted 
in more recent years [7]. Continued treatment for HF after 
surgery may improve the prognosis of LVAD patients. In 
a report of 12 144 durable-LVAD recipients, those receiving 
any neurohormonal blockade with either ACEI/ARB, BB, or 
MRA had significantly improved survival at 4 years postim-
plantation compared to those on no therapy (respectively: 
56.0%; 95% confidence interval [CI], 54.5%–57.5% vs. 43.9%; 
95% CI, 40.5%–47.7%). Patients on all three therapies had 
the lowest hazard of death compared to other groups (HR, 
0.34; 95% CI, 0.28–0.41). Also, quality of life and functional 
status were improved with neurohormonal blockade [8]. 
According to some authors, the role of optimal treatment 
(LBA, ACEI/ARB, MRA, sacubitril/valsartan, sodium-glucose 
cotransporter 2 inhibitors, diuretics) in LVAD patients is not 
fully established [9]. Although, the 2023 International So-
ciety for Heart and Lung Transplantation Guidelines finally 
recommend neurohormonal blockade and the treatment 
of hypertension after LVAD implantation with ACEI, ARB, 
ARB-neprilysin inhibitors, BB, and MRA (class I B recommen-
dation [10]), which confirms our results.

CONCLUSIONS
Left ventricular assist device implantations do not signifi-
cantly change modes of medical therapy in HF, including 
drugs that improve prognosis. Interestingly, the use of 

ACEI has been significantly reduced in favor of the ARB 
probably due to better tolerance. This observation requires 
further studies.
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ARB and a reduction in the use of thiazide diuretics and 
amiodarone. Continued use of BB is important to reduce 
the risk of arrhythmia and control blood pressure. The 
reduced use of ACEI in favor of the ARB was probably due 
to better ARB tolerance and the growing use of valsartan 
in combination with sacubitril [3]. Continuation of MRA 
treatment is important in terms of inhibiting fibrosis, 
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plantation compared to those on no therapy (respectively: 
56.0%; 95% confidence interval [CI], 54.5%–57.5% vs. 43.9%; 
95% CI, 40.5%–47.7%). Patients on all three therapies had 
the lowest hazard of death compared to other groups (HR, 
0.34; 95% CI, 0.28–0.41). Also, quality of life and functional 
status were improved with neurohormonal blockade [8]. 
According to some authors, the role of optimal treatment 
(LBA, ACEI/ARB, MRA, sacubitril/valsartan, sodium-glucose 
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CONCLUSIONS
Left ventricular assist device implantations do not signifi-
cantly change modes of medical therapy in HF, including 
drugs that improve prognosis. Interestingly, the use of 

ACEI has been significantly reduced in favor of the ARB 
probably due to better tolerance. This observation requires 
further studies.
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INTRODUCTION
Elevated lipoprotein(a) (Lp[a]), a low-density 
lipoprotein (LDL)-like lipoprotein containing 
apolipoprotein (a) homologous to plasmino-
gen,  with the molecular weight ranging from 
300 to 800 kDa due to a variety of apolipopro-
tein (a) isoforms, is a well-established geneti-
cally determined risk factor for cardiovascular 
disease (CVD), including coronary artery dis-
ease (CAD), myocardial infarction (MI), stroke, 
and peripheral arterial disease (PAD) [1, 2]. 
The current guidelines recommend that Lp(a) 
measurement once in a lifetime should be 
included in a comprehensive CVD risk evalua-
tion and suggest a global risk underestimation 
at high or very high Lp(a) concentrations [1, 2]. 
Little is known about Lp(a) levels in the Polish 
population except for a small sample (n = 200) 
from the EUROASPIRE V survey, in which the 
prevalence of Lp(a) >50 mg/dl was 22.5% in 
patients without diagnosed CVD but with 
known risk factors [3].

Given ongoing trials on novel agents 
substantially reducing Lp(a) by 80% [2], we 
decided to assess the prevalence of elevated 
Lp(a) concentration in a middle-aged Polish 
population and its association with other CVD 
risk factors. 

METHODS
We enrolled consecutive subjects participat-
ing in the “Malopolska coronary artery disease 
prophylactic program for people older than 
40 years” from May 2022 to October 2022. The 
exclusion criteria were age <40 or >65 years, 

documented CAD or PAD, and a history of MI, 
stroke, or transient ischemic attack. The study 
was approved by the local Ethical Committee 
(OIL/KBL33/2022). 

Data about baseline anthropometric and 
clinical characteristics, previous medical his-
tory, lifestyle, and family history of premature 
CVD were collected. The 10-year risk of the 
first CVD event was assessed with the Sys-
tematic Coronary Risk Evaluation 2 (SCORE2) 
algorithm. Dyslipidemia was defined as total 
cholesterol (TC) ≥190 mg/dl, or LDL choles-
terol (LDL-C) ≥115 mg/dl, or triglycerides 
≥150 mg/dl or statin use. Serum Lp(a) was de-
termined using immunoturbidimetry (Roche 
Diagnostics, Mannheim, Germany). Elevated 
Lp(a) was defined as values >50 mg/dl [2]. 
Lp(a) >100 mg/dl was defined as a very high-
risk group [2]. In that case, analysis of the LPA 
gene variant: c.5673A>G (p.Ile1891Met, used 
nomenclature: p.Ile4399Met, rs3798220), 
reported as associated with elevated plasma 
Lp(a) levels [4], was performed with a TaqMan 
SNP assay (Applied Biosystems, ThermoFisher 
Scientific, Foster City, CA, US) on the Quant-
Studio Dx Real-Time PCT Instrument (Ther-
moFisher Scientific). 

Statistical analysis
Statistical analysis was performed with SPSS 
Statistics software (Version 28.0.1.0, IBM Corp., 
Armonk, NY, US). Continuous variables were 
expressed as medians (interquartile range) 
and categorical variables as numbers (per-
centage). Normal distribution was assessed 
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300 to 800 kDa due to a variety of apolipopro-
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The current guidelines recommend that Lp(a) 
measurement once in a lifetime should be 
included in a comprehensive CVD risk evalua-
tion and suggest a global risk underestimation 
at high or very high Lp(a) concentrations [1, 2]. 
Little is known about Lp(a) levels in the Polish 
population except for a small sample (n = 200) 
from the EUROASPIRE V survey, in which the 
prevalence of Lp(a) >50 mg/dl was 22.5% in 
patients without diagnosed CVD but with 
known risk factors [3].

Given ongoing trials on novel agents 
substantially reducing Lp(a) by 80% [2], we 
decided to assess the prevalence of elevated 
Lp(a) concentration in a middle-aged Polish 
population and its association with other CVD 
risk factors. 
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ing in the “Malopolska coronary artery disease 
prophylactic program for people older than 
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exclusion criteria were age <40 or >65 years, 

documented CAD or PAD, and a history of MI, 
stroke, or transient ischemic attack. The study 
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Data about baseline anthropometric and 
clinical characteristics, previous medical his-
tory, lifestyle, and family history of premature 
CVD were collected. The 10-year risk of the 
first CVD event was assessed with the Sys-
tematic Coronary Risk Evaluation 2 (SCORE2) 
algorithm. Dyslipidemia was defined as total 
cholesterol (TC) ≥190 mg/dl, or LDL choles-
terol (LDL-C) ≥115 mg/dl, or triglycerides 
≥150 mg/dl or statin use. Serum Lp(a) was de-
termined using immunoturbidimetry (Roche 
Diagnostics, Mannheim, Germany). Elevated 
Lp(a) was defined as values >50 mg/dl [2]. 
Lp(a) >100 mg/dl was defined as a very high-
risk group [2]. In that case, analysis of the LPA 
gene variant: c.5673A>G (p.Ile1891Met, used 
nomenclature: p.Ile4399Met, rs3798220), 
reported as associated with elevated plasma 
Lp(a) levels [4], was performed with a TaqMan 
SNP assay (Applied Biosystems, ThermoFisher 
Scientific, Foster City, CA, US) on the Quant-
Studio Dx Real-Time PCT Instrument (Ther-
moFisher Scientific). 
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expressed as medians (interquartile range) 
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using the Shapiro-Wilk test. Differences among the three 
groups were compared using the ANOVA test with the 
post-hoc Bonferroni correction when normally distribut-
ed or the Kruskal-Wallis test for multiple comparisons of 
non-normally distributed variables. Categorical variables 
were analyzed with the chi-square test or Fisher’s exact 
test with a post-hoc z-test for comparison of column 
proportions with the Bonferroni correction. Associations 
between nonparametric variables were assessed by the 
Spearman rank correlation coefficient.  All independent 
variables associated (P <0.2) with Lp(a) in a univariate 
model and simultaneously not correlated with other 
independent variables were included in the multivariate 
linear regression analysis to determine independent pre-
dictors of Lp(a) levels. A two-sided P <0.05 was considered 
statistically significant.

RESULTS AND DISCUSSION
We studied 800 individuals aged 49 (44–53) years (68% 
women), including 17.8% with Lp(a) >50 mg/dl with 
a higher proportion of females in this subgroup (Table 1). 
The prevalence of Lp(a) >50 mg/dl was 18.4% in Germany, 
which is almost identical to our population while in Finland 
or Greece, it was 6.0% [5, 6]. Our result is slightly lower than 
in the study by Ratajczak et al. [3], which evaluated CVD risk 
factors in subjects aged 18–80 (median, 52 [43–60]) years, 
while we assessed younger subjects. However, we did not 
observe a significant correlation between Lp(a) and age in 
contrast to a previous study in the general population, in 
which Lp(a) increased slightly with age [2].

    Individuals with Lp(a) >100 mg/dl (maximum 
237 mg/dl) were more often female and had dyslipidemia 

compared with those with Lp(a) <50 mg/dl (n = 682, 
82.0%). Moreover, TC, LDL-C, and fibrinogen levels were 
7.16% (P = 0.008), 9.54% (P = 0.047), and 9.15% (P <0.001), 
respectively, higher in the Lp(a) >100 mg/dl group com-
pared with < 50 mg/dl. We did not observe any intergroup 
differences in the prevalence of a family history of prema-
ture CVD and the 10-year CVD risk (Table 1). 

In multivariable analysis, after adjustment for age, 
Lp(a) levels were independently associated with female 
sex, LDL-C, and fibrinogen (Supplementary material, Table 
S1). The associations of Lp(a) with these variables have 
been reported previously [2, 7]. Higher Lp(a) in women is 
largely explained by an increase in Lp(a) in the peri- and 
post-menopausal period, which corresponds to elevated 
CVD risk in that still undertreated population [2, 8]. We 
observed higher Lp(a) levels in women aged >52 years as 
compared to the remainder (10.1 [3.9–45.0] vs. 7.0 [2.9– 
–33.2] mg/dl; P = 0.034). Although the expression, synthe-
sis, and metabolism of Lp(a) and LDL-C are independent, 
a weak positive correlation of their levels (in the current 
study, r = 0.11, P = 0.002) has been reported previously [9]. 
Statin use cannot reduce Lp(a) concentrations, whereas 
PCSK9 inhibitors lower Lp(a) by 15%–30% [2, 10]. Statins 
were used by 15.3% (n = 122) participants without any 
effect on Lp(a), as expected. 

A positive association between fibrinogen and Lp(a) 
in our study (r = 0.135; P <0.001) is consistent with previ-
ous studies performed in the general population [7]. This 
association is of importance since fibrinogen is the key 
modulator of fibrin clot properties, and elevated Lp(a) 
has been associated with reduced clot permeability and 
susceptibility to lysis [11, 12]. 

Table 1. Characteristics of the study population according to lipoprotein (a) concentration

Lipoprotein (a), mg/dl P-value

<50 50–100 >100

n = 656 (82.0%) n = 101 (12.6%) n = 43 (5.4%)

Age, years 49 (44–52) 47 (44–52) 52 (43–56) 0.20

Males 222 (33.8) 31 (30.7) 5 (11.6)a 0.001

BMI, kg/m2 26.4 (24.0–29.8) 27.1 (24.2–31.3) 27.3 (23.9–30.4) 0.41

Current smoking 210 (32.0) 38 (37.6) 14 (32.6) 0.53

Hypertension 167 (25.5) 16 (15.8) 13 (30.2) 0.07

Diabetes mellitus 34 (5.2) 5 (5.0) 2 (4.7) 0.98

Dyslipidemia, 179 (27.3) 28 (27.7) 20 (46.5)a 0.025

Family history of premature CVD 282 (43.0) 39 (38.6) 19 (44.2) 0.69

SCORE2 2.40 (1.2–4.0) 2.25 (1.1–4.2) 2.35 (1.1–4.0) 0.97

Fasting glucose, mmol/l 5.2 (4.9–5.5) 5.2 (4.9–5.5) 5.2 (5.0–5.5) 0.80

CRP, mg/l 1.1 (0.6–2.3) 1.2 (0.6–3.0) 1.7 (0.7–3.5) 0.08

Total cholesterol, mmol/l 5.06 (4.52–5.67) 5.22 (4.73–5.82) 5.54 (5.19–6.02)a 0.004

LDL-cholesterol, mmol/l 3.23 (2.66–3.74) 3.39 (2.81–3.99) 3.56 (3.11–4.00)a 0.015

HDL-cholesterol, mmol/l 1.53 (1.28–1.82) 1.53 (1.27–1.85) 1.64 (1.36–1.99) 0.14

Triglycerides, mmol/l 1.12 (0.83–1.64) 1.16 (0.89–1.51) 1.08 (0.83–1.31) 0.54

Fibrinogen, g/l 2.84 (2.54–3.10) 2.83 (2.52–3.07) 3.10 (2.81–3.46)a, b <0.001

Values are shown as number (percentage) or median (interquartile range) as appropriate
aP <0.05 between <50 mg/dl and >100 mg/dl. bP <0.05 between 50–100 mg/dl and >100 mg/dl

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; CRP, C-reactive protein, HDL, high-density lipoprotein; LDL, low-density lipoprotein; SCORE2, Systematic 
Coronary Risk Evaluation 2 
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ture CVD and the 10-year CVD risk (Table 1). 

In multivariable analysis, after adjustment for age, 
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sex, LDL-C, and fibrinogen (Supplementary material, Table 
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Nine patients of 43 subjects with Lp(a) >100 mg/dl were 
genotyped, and in 4 (44.4%), the heterozygous LPA variant 
(c.5673A>G) was detected. The rs3798220 variant has been 
reported in 6.5% of apparently healthy Poles and 18.1% 
of patients with Lp(a) >75 mg/dl worldwide [13]. To our 
knowledge, this is the first report on genetic assessment of 
LPA variants in Poles with elevated Lp(a). Further research 
is needed to examine the genetic background of elevated 
Lp(a) in the Polish population.

Our study has limitations. Firstly, the size of the study 
population was limited, though it was the largest study 
sample in the Polish population. Secondly, clinical charac-
teristics of the study participants were typical of screening 
programs; therefore, the findings could not be likely extra-
polated to younger or older individuals as well as to those 
with CVD or the whole Polish population. 

In conclusion, this study shows a relatively high (17.8%) 
prevalence of hyperlipoproteinemia(a) in a large Polish 
middle-aged population without evident CVD. In the 
upcoming era of new drugs with a potent Lp(a) lowering 
effect (e.g. pelacarsen) [2, 4], screening for elevated Lp(a) 
in high CVD-risk countries, including Poland [14], should 
be encouraged. Now, in individuals with high Lp(a), free of 
CVD, the management of modifiable risk factors as well as 
screening for high Lp(a) in families of the “index” subject 
should be implemented. 
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Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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INTRODUCTION
Heart failure (HF) currently accounts for 30%– 
–60% of deaths in Duchenne muscular dystro-
phy (DMD) patients [1, 2]. The development 
of dilated cardiomyopathy (DCM) is a slow 
but inevitable process, preceded by ongoing 
cardiac fibrosis as evidenced by late gadolin-
ium enhancement (LGE) in cardiac magnetic 
resonance studies (CMR) [3, 4]. Arrhythmias 
evolve throughout patients’ lives, with asymp-
tomatic sinus tachycardia (ST) being one of 
the most common and early-occurring heart 
rhythm abnormalities of unknown prognostic 
value  [5–7]. The assessment of the prevalence 
and severity of ST and arrhythmias in DMD 
patients of different age groups using Holter 
monitoring were the aim of our study.

METHODS
The data collected between year 2017– 
–2019 (Supplementary material, Figure S1) 
were analyzed in a cross-sectional, single 
center prospective observational study. Table 
S1 in supplementary material presents inclu-
sion and exclusion criteria. The recordings 
were performed as a part of a routine, annual 
cardiological screening using Phillips Holter 
ECG system (Phillips DigiTrak XT) with the 
Zymed algorithm analyzer. The analysis in-
cluded the assessment of heart rate (HR) varia-
bles, presence and severity of arrhythmias. The 
data published by Salameh et al. [8] based on 
the healthy population was used as reference 
and for calculations of the standardized val-
ues (z-scores) of the analyzed parameters. To 
characterize ST in detail, we developed sinus 

tachycardia severity scale (STSS) as shown in 
Supplementary material, Table S2.

Statistical analysis
The statistical analysis was performed using 
Wizard 2.0 (Evan Miller, Chicago, IL, US). Cate-
gorial data are given as counts and percentag-
es and continuous data are presented as mean 
(standard deviation) or median (interquartile 
range) dependently on the distribution. The 
distribution was tested using the Shapiro–Wilk 
test. Standard statistical tests, including, χ2, 
t-test, Pearson correlation test were used. 
Additionally simple linear and quadratic re-
gressions were used dependently on best fit 
based on highest R2 and multivariable models 
were analyzed.  P <0.05 was considered statis-
tically significant.

The study was approved by the Institution-
al Bioethics Committee for Scientific Research.

RESULTS AND DISCUSSION
Two studies out of 72 collected Holter ECG 
recordings met the exclusion criteria being 
conducted in BB-treated patients. Eventually, 
70 recordings in 70 caucasian patients includ-
ing 2 girls, one recording each, were analyzed. 
Twenty-six (31.9%) recordings were done in 
patients taking angiotensin-converting-en-
zyme inhibitor (ACEi) and those patients 
were on average older (on-ACEi vs. no-ACEi: 
11.5 [3.8] vs. 9.0 [3.9] years; P <0.001). Most of 
the recordings (47, 67.1%) was done in pa-
tients taking steroids. There was no age-differ-
ence between steroid-treated and steroid-na-
ive patients (10.1 [3.3] vs. 9.5 [4.8], respectively, 

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a1282

 � S H O R T  C O M M U N I C A T I O N

Prevalence and severity of sinus tachycardia  
and arrhythmias by Holter monitoring in children  
with Duchenne muscular dystrophy

Magdalena Bazgier1*, Jarosław Meyer-Szary1*, Renata Tarnowska1, Katarzyna Lisowska1, Jolanta Wierzba2, 

Joanna Kwiatkowska1 

1Department of Pediatric Cardiology and Congenital Heart Defects, Medical University of Gdansk, Gdańsk, Poland
2Department of Pediatrics, Hematology and Oncology, Department of General Nursery, Medical University of Gdansk, Gdańsk, Poland
*Both authors equally contributed to the study.

Correspondence to:
Joanna Kwiatkowska, MD PhD,
Department of Pediatric 
Cardiology and Congenital  
Heart Defects, 
Medical University of Gdansk, 
Dębinki 7, 80–211 Gdańsk, 
Poland,
phone: +48 58 349 28 70,
e-mail: joannak@gumed.edu.pl

Copyright by the Author(s), 2023

DOI: 10.33963/v.kp.98326

Received:  
June 21, 2023

Accepted:  
November 27, 2023

Early publication date:  
December 31, 2023

INTRODUCTION
Heart failure (HF) currently accounts for 30%– 
–60% of deaths in Duchenne muscular dystro-
phy (DMD) patients [1, 2]. The development 
of dilated cardiomyopathy (DCM) is a slow 
but inevitable process, preceded by ongoing 
cardiac fibrosis as evidenced by late gadolin-
ium enhancement (LGE) in cardiac magnetic 
resonance studies (CMR) [3, 4]. Arrhythmias 
evolve throughout patients’ lives, with asymp-
tomatic sinus tachycardia (ST) being one of 
the most common and early-occurring heart 
rhythm abnormalities of unknown prognostic 
value  [5–7]. The assessment of the prevalence 
and severity of ST and arrhythmias in DMD 
patients of different age groups using Holter 
monitoring were the aim of our study.

METHODS
The data collected between year 2017– 
–2019 (Supplementary material, Figure S1) 
were analyzed in a cross-sectional, single 
center prospective observational study. Table 
S1 in supplementary material presents inclu-
sion and exclusion criteria. The recordings 
were performed as a part of a routine, annual 
cardiological screening using Phillips Holter 
ECG system (Phillips DigiTrak XT) with the 
Zymed algorithm analyzer. The analysis in-
cluded the assessment of heart rate (HR) varia-
bles, presence and severity of arrhythmias. The 
data published by Salameh et al. [8] based on 
the healthy population was used as reference 
and for calculations of the standardized val-
ues (z-scores) of the analyzed parameters. To 
characterize ST in detail, we developed sinus 

tachycardia severity scale (STSS) as shown in 
Supplementary material, Table S2.

Statistical analysis
The statistical analysis was performed using 
Wizard 2.0 (Evan Miller, Chicago, IL, US). Cate-
gorial data are given as counts and percentag-
es and continuous data are presented as mean 
(standard deviation) or median (interquartile 
range) dependently on the distribution. The 
distribution was tested using the Shapiro–Wilk 
test. Standard statistical tests, including, χ2, 
t-test, Pearson correlation test were used. 
Additionally simple linear and quadratic re-
gressions were used dependently on best fit 
based on highest R2 and multivariable models 
were analyzed.  P <0.05 was considered statis-
tically significant.

The study was approved by the Institution-
al Bioethics Committee for Scientific Research.

RESULTS AND DISCUSSION
Two studies out of 72 collected Holter ECG 
recordings met the exclusion criteria being 
conducted in BB-treated patients. Eventually, 
70 recordings in 70 caucasian patients includ-
ing 2 girls, one recording each, were analyzed. 
Twenty-six (31.9%) recordings were done in 
patients taking angiotensin-converting-en-
zyme inhibitor (ACEi) and those patients 
were on average older (on-ACEi vs. no-ACEi: 
11.5 [3.8] vs. 9.0 [3.9] years; P <0.001). Most of 
the recordings (47, 67.1%) was done in pa-
tients taking steroids. There was no age-differ-
ence between steroid-treated and steroid-na-
ive patients (10.1 [3.3] vs. 9.5 [4.8], respectively, 

Ark.51 Back, Cyfra - czasopisma - KP_2023_12_srodki (administrator), 2024-01-08 11:27:11, 



w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a 1283

Magdalena Bazgier et al., Arrhythmias in Duchenne muscular dystrophy

P = 0.51). Baseline and pharmacotherapy characteristics 
are presented in Table S3 of the Supplementary material.

None of the analyzed parameters was dependent on 
total recording time (i.e., shorter recordings were not sig-
nificantly biased). Mean HR was found to be statistically dif-
ferent from the reference healthy population, P <0.001 and 
inversely correlated with age (R2 = 0.155; P <0.001) dropping 
at a rate slower than the reference population as shown in 
Figure 1A. For linear regression the drop was 0.95 bpm/year. 
The mean HR z-score used for assessment of the severity 
of ST revealed positive correlation with age (R2 = 0.190;  
P <0.001), rising 0.09/year. A more detailed analysis of the 
time trend showed a nonlinear relation of these parameters 

to age best approximated by a quadratic equation with 
an inflection point around the age of 11 years as shown in 
Figure 1B. The age subgroup analysis showed that up to 
the age of 10 ST is becoming more severe and there is an 
annual increase of mean HR z-score of 0.20 while after the 
age of 12 years the mean HR z-score plateaus as 1.69 (0.88) 
with no significant rise thereafter. Consequently, ST was di-
agnosed in 27 (38.6%) cases overall in the analyzed sample. 
The ST prevalence was age-dependent (P = 0.02) — more 
common in older subgroups as shown in Figure S2 and S3A 
(Supplementary material).  

The minimum HR was higher and the maximum RR 
shorter than in the reference population (P <0.001 in both), 

Figure 1. Age dependency of the studied parameters: A. Mean HR. B. Mean HR z-score. C. Minimum HR. D. Minimum HR z-score. E. Maximum 
RR. F. Maximum RR z-score P-value is for t-test for the comparison to the reference population [8]

Abbreviations: HR, heart rate; RR, RR distance 
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The minimum HR was higher and the maximum RR 
shorter than in the reference population (P <0.001 in both), 

Figure 1. Age dependency of the studied parameters: A. Mean HR. B. Mean HR z-score. C. Minimum HR. D. Minimum HR z-score. E. Maximum 
RR. F. Maximum RR z-score P-value is for t-test for the comparison to the reference population [8]

Abbreviations: HR, heart rate; RR, RR distance 
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presenting no correlation with age (P = 0.10 and P = 0.17, re-
spectively) as shown in Figure 1C and Figure 1E. Conversely, 
the minimum HR z-score was positively (R2 = 0.182; P <0.001, 
Figure 1D) and the maximum RR z-score was inversely 
correlated with age (R2 = 0.313; P <0.001, annual drop of 
–0.11, Figure 1F). Significant differences were present in 
age groups analysis of all the above-mentioned parameters 
as presented in Figure S3B–C in Supplementary material. 

There was also no significant difference between 
ACEi-treated and ACEi-naive patients in Mean HR z-score 
(P = 0.16), minimum HR z-score (P = 0.31) and maximum RR 
z-score (P = 0.22) in multivariable model corrected for age.

No complex supraventricular or ventricular arrhyth-
mias or higher degree block were found, thus none of the 
patients required starting antiarrhythmic treatment based 
on the analyzed recording. There was no correlation of 
SVPC and VPC prevalence with age (P = 0.32 and 0.140, 
respectively). The detailed Holter ECG recording results 
are summarized in Table S4 of the Supplementary material.

Although the presence of ST is a well-known phenom-
enon in DMD, its reported prevalence ranges from 0 up to 
50% dependently on the method (resting HR measurement 
vs. Holter monitoring), definition criteria, and cohort char-
acteristics (age) [5, 9, 10]. While in the previous studies it 
was common to evaluate the prevalence of ST, its severity 
had not been assessed beforehand. In our study, based on 
the z-score calculation and analysis, we found that not only 
the prevalence, but also the severity of ST increases with 
age up to the age of about 12 years when it reaches its pla-
teau. The exact reasons and pathomechanism behind this 
finding are uncertain. Previously suggested compensatory 
reaction to heart failure is improbable as most of the DMD 
patients in the younger age groups will still have preserved 
cardiac contractile function while in the older groups, 
where contractile disfunction onsets, the degree of ST (by 
Mean HR z-score) is stationary [4, 5, 10]. Alternatively, an 
autonomous disfunction was a suggested explanation but 
currently there is not enough scientific evidence to support 
this hypothesis [10]. Despite Thomas et al. [5] suggested link 
between elevated heart rate and DMD-CM development, 
ST’s prognostic value remains uncertain.

In the reports available the prevalence and severity of 
both supraventricular and ventricular arrhythmias varies 
significantly with prevalence of VPC ranging from 14% to 
58% [6, 7, 11]. In the presented study, the prevalence of 
ventricular arrhythmias was lower than in the study by Villa 
et al. [7]. Similarly to this study, we found supraventricular 
arrhythmias more prevalent, which is discrepant from the 
report by Chiang et al. [6], where ventricular arrhythmias, 
including nsVT were frequently diagnosed. As the age of 
17 or more was found to be associated with the devel-
opment of SVT/VT, the younger age of the population 
described in our study might explain this discrepancy. On 
the other hand, the deterioration of left ventricular systolic 
function is a predictor of significant Holter ECG findings 
also in younger patients [6, 7]. Contrary to other muscular 

dystrophies, e.g. Emery-Dreifuss muscular dystrophy, atrial 
fibrillation and atrioventricular blocks are rare in DMD [12]. 
The link between presence of fibrosis based on CMR LGE 
assessment and life-threatening arrhythmias regardless 
of contractile function, together with high incidence of 
fibrosis in DMD patients, poses another potential risk factor 
in this group of patients [3, 4, 13]. 
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Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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We present the case of a 26-year-old pregnant 
woman (GIPI, 30 hbd) with an Ebstein anomaly 
(EA) confirmed by two-dimensional transtho-
racic echocardiography (2D TTE). The patient 
was referred to the Cardiology Department 
because of dry cough, dyspnea at rest, and 
cardiac arrhythmias that had persisted since 
27 hbd. On admission, the patient’s general 
condition was average, and laboratory tests 
(high sensitivity troponin I, B-type natriuretic 
peptide) were normal. An electrocardiogram 
(ECG) showed sinus tachycardia, dextrogram, 
incomplete right bundle branch block, ST-seg-
ment elevation in lead V1, tall and peaked  
T waves in leads I, II, V2–V5; biphasic P waves 
in lead V1 (Figure 1A). A Holter ECG was 
performed, which recorded 4 non-sustained 
ventricular tachycardias (nsVTs) consisting of 
polymorphic evolutions (Figure 1B). 2D TTE 
showed displacement of the tricuspid valve 
(TV) leaflets by 21 mm with visible signs of 
the right ventricle (RV) atrialization and severe 
tricuspid regurgitation. Additionally, impaired 
left ventricular (LV) contractility (LV ejection 
fraction [LVEF] ~43%) and increased LV tra-
beculation were noted in the apical region, 
which was not visualized during previous TTEs 
(Figure 1C–D). Following the tests, extend-
ed-release metoprolol was added to therapy. 
During hospitalization, the fetus’s well-being 
was also monitored — the correct fetal posi-
tion and optimal flows in the umbilical artery. 

Subsequently, in 36/37 hbd the patient de-
livered a live daughter (birth weight — 2280 g, 

Apgar 10 at 1 min) during a planned C-section. 
The early postpartum period was uneventful; 
no arrhythmias were observed. After postpar-
tum discharge, a control Holter ECG was per-
formed twice at home; in neither examination 
did nsVTs recur. Due to the inability to perform 
magnetic resonance, a cardiac tomography 
multiplanar reconstruction was then per-
formed, confirming EA with an intraventricular 
displacement of the TV plane by approximate-
ly 50 mm; significant deepening of the LV free 
and inferior wall trabeculae and periapically in 
the RV were clearly visible. Global and regional 
contractility disorders of both ventricles were 
noted — LVEF ~29%, RVEF ~38%. (Figure 1E–F; 
Supplementary material, Figure S1). Due to 
significantly decreased LVEF, implantation of 
a cardioverter-defibrillator for primary preven-
tion of sudden cardiac death was considered. 
The patient started treatment for heart failure 
with reduced LVEF according to the European 
Society of Cardiology guidelines consisting of 
a beta-blocker, angiotensin-receptor nepri-
lysin inhibitor, and loop diuretic. 

EA constitutes a rare congenital heart 
disease with varying degrees of downward 
displacement of the septal and posterior 
TV leaflets, triggering RV atrialization and 
dysfunction; the prevalence is 1:200 000 live 
births. [1] During pregnancy, the probability 
of right ventricular failure rises due to an in-
crease in blood volume, cardiac output, and 
afterload. [2] The clinical picture of non-com-
paction cardiomyopathy varies, ranging 
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from asymptomaticity to dangerous manifestations, such 
as chronic heart failure, arrhythmias, thromboembolic 
episodes, and sudden cardiac death [3]. Non-compaction 
cardiomyopathy, a rare myocardial abnormality, some-
times coexists with Ebstein disease in approximately 5% 
of patients, significantly worsening the prognosis [4]. 
The described coexistence of these two very uncommon 
heart diseases can definitely be included in the casuistry. 
Despite medical advances, cardiovascular diseases are still 
the leading cause of non-obstetric maternal deaths during 
pregnancy (0.5%–4% in the West) [5].
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Figure 1. A. ECG on admission: sinus tachycardia 
105/min, right axis deviation, IRBBB. ST-segment ele-
vation in lead V1, tall and peaked P waves in leads I, II, 
and V2–V5 l; biphasic P waves in lead V1. B. Holter ECG: 
nsVT consisting of polymorphic evolutions. C. Echo-
cardiography — 2D TTE SC: displacement of the septal 
leaflet of the tricuspid valve towards the RV (solid arrow) 
with visible signs of RV atrialization. D. Echocardiogra-
phy — 2D TTE modified 4C: displacement of the septal 
leaflet of the tricuspid valve towards the RV (solid arrow) 
with visible signs of RV atrialization and increased LV tra-
beculation with blood turbulence in the intertrabecular 
lacunas on color Doppler in the LV apical region (double 
solid arrows). E. CT MPR 4C: displacement of the septal 
leaflet of the tricuspid valve towards the right ventricle 
(solid arrow) with visible signs of RV atrialization and 
increased left ventricular trabeculation in the LV apical 
area (dashed arrow). F. CT MPR 4C: visible increased 
ventricular trabeculation in both the RV and LV apical 
areas (double solid arrows)

Abbreviations: 2D TTE 4C, two-dimensional transthorac-
ic echocardiography 4-chamber apical view; 2D TTE SC, 
two-dimensional transthoracic echocardiography sub-
costal view; CT MPR 4C, cardiac tomography multiplanar 
reconstruction 4-chamber view; CT MPR TV, cardiac 
tomography multiplanar reconstruction transverse view; 
ECG, electrocardiogram; IRBB, incomplete right bundle 
branch block; LA, left atrium; LV, left ventricle; nsVT, 
non-sustained ventricular tachycardia; RA, right atrium; 
RV, right ventricle
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Danon disease is the only X-linked domi-
nant storage disease and is one of the few 
glycogenoses concerning cardiac muscle. It 
is caused by a mutation that impairs auto-
phagocytosis and accumulates glycogen in 
cells [1, 2]. Symptoms manifest earlier and 
more severely in men, very often in adoles-
cence [2]. Cardiomyopathy often coexists with 
myopathy and mental retardation [1].

A 9-year-old male patient with palpitations 
was admitted to the Department of Pediatric 
Cardiology due to suspected paroxysmal tach-
yarrhythmia. In the patient’s family history, 
there was a grandmother’s heart transplanta-
tion (HTx) due to unknown cardiomyopathy, 
which had been performed 23 years earlier. 
Laboratory tests showed elevated levels of 
N-terminal pro-B-type natriuretic peptide 
(8396 pg/ml [reference range <83 pg/ml]), 
hs-TnI (257.5 ng/l [reference range <52 ng/l]), 
and creatine kinase (CK of 563 U/l [reference 
range <137 U/l]). Electrocardiogram was 
indicative of left ventricular hypertrophy: 
the Sokolow-Lyon index was78 mm (norm 
37 mm), inverted T wave in V5-V6, and short-
ened PR were 100 ms, prolonged QRS was 
140 ms, with characteristic slurring in II, aVF, 
and V2–V6 suggestive of ventricular pre-ex-
citation. 

The latest data showed that in Danon 
disease these ECG features may occur in the 
absence of an additional conduction pathway 
and they can mimic Wolff-Parkinson-White 
syndrome; therefore, an invasive electrophys-
iological procedure was not performed [4]. 
Twenty-four-hour Holter monitoring showed 
17 episodes of supraventricular tachycardia 
(max. 170/min; up to 23 consecutive heart-
beats). Transthoracic echocardiography re-
vealed features of left ventricular hypertrophy 
and overload (Figure 1A, 1B). Cardiac magnetic 

resonance imaging (MRI) showed myocardial 
fibrosis. Hypertrophic cardiomyopathy was 
diagnosed, and antiarrhythmic treatment was 
initiated (metoprolol succinate ER 2 mg/kg 
per os). During the following hospitalization, 
a full diagnostic panel was performed. Con-
genital metabolic diseases (including Pompe 
disease) were excluded, and Gas chromato-
graphy–mass spectrometry urine and tandem 
mass spectrometry blood tests were correct. 
A genetic test was performed and confirmed 
a pathogenic mutation in the LAMP-2(Xq24) 
gene [1, 3]. The presence of this mutation 
confirmed Danon disease. In addition, the 
genetic test revealed the same gene mutation 
in the patient’s two-year-old brother despite 
a lack of symptoms. 

During the next few months, subsequent 
hospital admissions due to progressing heart 
failure occurred. Ultrasonography showed flu-
id accumulation in the pleural and peritoneal 
cavity. Moreover, a single episode of  atrial 
fibrillation was observed with signs of clinical 
deterioration. The patient underwent elec-
trical cardioversion (Figure 1C) with 50J, and 
sinus rhythm was restored. However, severe 
hypotension occurred, and the patient was 
transferred to the Intensive Care Department, 
where he was treated with constant infusion 
of dopamine and dobutamine. Due to inad-
equate SVT control and disqualification from 
ablation, treatment was changed to HTx. 
Cardiac catheterization before HTx showed 
characteristics of glycogen storage disease 
i.e. post- and pre-capillary pulmonary hyper-
tension (mPAP: 42 mm Hg, PCWP: 19 mm Hg, 
PVR: 6.4 WU, PVRI: 8.8 WU/m2) with negative 
vasoreactivity testing with epoprostenol 
(12 ng/kg/min +100% oxygen), with a sig-
nificant decrease in pulmonary resistance 
(<3 WU) and increased PCPW (mPAP: 39 mm 
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Hg, PCWP: 27 mm Hg, PVR: 2.86 WU, PVRI: 3.94 WU/m2) [5]. 
Rapid progression of cardiomyopathy resulted in urgent 
qualification for HTx. Multicenter cooperation enabled 
efficient transfer to a transplant center, and transplan-
tation was performed seven months after the diagnosis 
of Danon disease. The surgery was successful, but one 
month later, severe Ebstein–Barr virus infection caused 
the patient’s death.
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Figure 1. A. Echocardiography — apical four-chamber view: left ventricular hypertrophy: 3.3/1.9 cm, asymmetric hypertrophy of intraven-
tricular septum (red arrow): 2.6 cm (Z score: 21.67), and left ventricular ejection fraction: 78%. B. Echocardiography — parasternal short axis 
— mitral valve: hypertrophy of the left ventricular posterior wall (red arrow): 2.1 cm (Z score: 11.08), presence of trace amounts of fluid.  
C. 12-lead electrocardiogram with signs of left ventricular hypertrophy and characteristic slurring of the upstroke of the QRS complex in II, 
aVF, V2–V6 (red arrows) mimicking ventricular pre-excitation
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Melanoma is an aggressive skin cancer that 
most commonly metastasizes to the lymph 
nodes, brain, and lungs. Due to its increas-
ing incidence, it is projected to become the 
second most common malignancy in the 
United States by 2040 [1]. In recent years, the 
median survival of patients with melanoma 
has increased substantially due to improved 
treatment methods [2] and earlier, more ac-
cessible diagnosis [3].

We present the case of a 47-year-old 
female patient with a 7-year history of mel-
anoma and a recent metastasis to the right 
atrium of the heart (RA). The primary cancer, 
a small skin lesion on the back of her thigh 
(Figure 1A), was excised in 2015. Histopathol-
ogy confirmed melanoma (BRAF “–“). Between 
2019 and 2022, the patient was diagnosed 
with skin, central nervous system (CNS), and 
pelvic lymph node metastases. The patient 
received pelvic lymphadenectomy and 
nivolumab monotherapy. In addition, CNS 
metastases were treated with seven separate 
courses of CyberKnife stereotactic radiosur-
gery for 4 years.

In September 2021, a PET scan showed 
increased glucose metabolism in the RA. 
Magnetic resonance imaging (MRI) confirmed 
a 15 × 16 × 18 mm tumor. The differential 
diagnosis included a thrombus and met-

astatic tumor, and anticoagulant therapy 
(low-molecular-weight heparin in therapeu-
tical dose) was introduced. One year later, 
MRI showed a twofold increase in the tumor 
size (27.5 × 36 × 39.5 mm) and infiltration 
of the atrial wall and right coronary artery. 
A subsequent PET scan indicated a very high 
glucose metabolism (SUVmax — 20.4) (Fig-
ure 1B; Supplementary material, Figures S1, 
S2). A biopsy of the tumor and the AngioVac 
technique [4] were not performed due to 
concerns about intraprocedural rupture of the 
infiltrated RA wall. The patient reported only 
mild fatigue, and no rhythm abnormalities 
were observed. Echocardiography initially 
showed no flow obstruction into the right 
heart  (Supplementary material, Videos S1, S2, 
S3). The multidisciplinary team consisting of 
an oncologist, cardiologist, cardiac surgeon, 
and radiation oncologist decided to continue 
the previous immunotherapy and postpone 
surgery due to the patient’s high procedural 
risk and oligosymptomatic state.

Contrast-enhanced computed tomogra-
phy (CT) was performed six weeks later to 
plan further treatment. Despite a significant 
increase in tumor size (37 × 41 × 44 mm) (Fig-
ure 1C–D) and an additional pedunculated, 
mobile mass in the LV (9 × 5 mm), combined 
immunotherapy (ipilimumab + nivolumab) 
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Figure 1. A. Initial skin lesion, excised surgically in 2015. B. 18F-FDG PET-CT scan (05.2023) with increased glucose metabolism in the right 
atrium (white arrow). C. and D. Contrast-enhanced CT of the heart. Red arrow points at the right atrium wall infiltration, the blue arrow points 
at the right coronary artery infiltration, green arrow points at the pedunculated, mobile LV mass (9 × 5 mm). E. Tumor after excision: tumor 
mass — yellow arrow, atrial wall — purple arrow. F. CT one week after surgery (orange arrow — RA) 

Abbreviations: 18F-FDG PET-CT, positron emission tomography with 2-deoxy-2-[fluorine-18]fluoro-D-glucose integrated with computed 
tomography; CT, computed tomography; LV, left ventricle; RA, right atrium

was initiated. Radiotherapy was considered; however, due 
to the massive RA wall infiltration seen on cardiac CT, it 
was considered impossible to safely deliver sufficient RT 
dose considering the risk of atrial wall perforation. Given 
the gradually increasing fatigue and progressing RA ob-
struction observed on echocardiography (Supplementary 

material, Videos S4, S5), a radical surgical resection was 
performed (Figure 1E–F; Supplementary material, Video 
S6). A histopathological examination confirmed meta-
static melanoma with inflammatory cell infiltration and 
necrosis inside the tumor. At a four-week follow-up, the 
patient presented with a significant reduction in fatigue 
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without surgical complications. An echocardiographic 
study showed moderate tricuspid regurgitation with nor-
mal ejection fraction and matched postoperative CT and 
echocardiography regarding the RA.

Considering the prolonged survival enabled by ad-
vanced systemic therapies [2] and advances in imaging 
techniques [3], the incidence of atypical-location metas-
tases will probably increase, including cardiac metastases 
of melanoma that qualify for surgical intervention [5]. This 
change in the metastatic landscape calls for development 
of effective, standardized treatment for these patients.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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Transitions of the paced QRS complex are pi-
votal in confirming conduction system pacing. 
Non-selective capture is usually observed at 
higher pacing output. A decrease in pulse 
amplitude could lead to selective capture of 
either the myocardium or conduction system. 
Identifying this phenomenon in most cases of 
His-bundle pacing (HBP) is relatively simple. 
Selective HBP usually provides QRS complexes 
identical to the intrinsic rhythm. Myocardi-
al-only capture in the para-Hisian site produc-
es broader QRS with left bundle branch block 
morphology. Appropriate diagnosis of transi-
tions in left bundle branch pacing (LBBP) may 
be more challenging as differences between 
distinct modalities could be subtle. Jastrzębski 
et al. [1] provided useful criteria. During tran-
sition to selective LBBP, the V6–V1 interpeak 
interval increases due to loss of myocardial 
capture and, in consequence, more delayed 
right ventricle activation, while R-wave peak 
time in lead V6 remains unchanged. During 
transition to myocardial capture, R-wave peak 
time in lead V6 increases because left ventricle 
activation is less rapid. An isoelectric interval 
may also be useful as it occurs during selective 
HBP and selective LBBP [2].

An 84-year-old female patient with per-
manent atrial fibrillation and bradycardia was 
qualified for implantation of a single-cham-
ber pacemaker. The intrinsic QRS complex 
was narrow. The lead was positioned in the 
basal septum to perform LBBP. An intrapro-
cedural transition of paced QRS complex was 
demonstrated and identified as a transition 
from non-selective to selective LBBP (Figure 
1A). Echocardiography confirmed that the 
lead was deployed deep in the basal septum 
(Figure 1B). The bipolar electrical parameters 

on the day after implantation were: R-wave 
2.8–4.0 mV, pacing threshold 0.5 V × 0.4 ms, 
and impedance 552 ohms. Postprocedural 
chest radiograms are shown in Supplemen-
tary material, Figure S1. During a follow-up 
outpatient visit, a gradual output decrease 
test was performed. Surprisingly, an additional 
transition was found. In the first step, non-se-
lective capture transformed to selective HBP 
and after a further decrease in pulse ampli-
tude, selective HBP with right bundle branch 
block (RBBB) occurred (Figure 1C).

Transition to selective HBP was absent 
during the procedure probably due to 
temporarily equal capture thresholds of the 
myocardium and right bundle branch fibers. In 
consequence, a direct transition from non-se-
lective capture to QRS complex with RBBB pat-
tern occurred, and it was initially diagnosed 
as selective LBBP. Later demonstration of 
transition to selective HBP during the control 
visit revealed that the paced QRS complex 
with RBBB morphology was actually selective 
HBP with RBBB. Reachability of this type of 
capture could be explained by the longitudi-
nal dissociation of His-bundle [3, 4]. According 
to this theory, fibers predestined to form right 
and left bundle branches are isolated from 
each other within His-bundle. Hence, their 
capture thresholds may differ, and selective 
recruitment of left bundle branch fibers inside 
His-bundle is achievable. The final diagnosis 
of HBP was also supported by a potential to 
QRS complex interval of 40 ms (Figure 1D) and 
relatively low R-wave sensing.

The three main lessons learned from the 
presented case are (1) His-bundle can be cap-
tured in deep septum [5], which may result in 
terminal R-wave during non-selective capture 
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due to a left-sided myocardial component, resembling 
non-selective LBBP; (2) Left bundle branch fibers may be 
selectively captured inside the distal His-bundle, which 
may imitate selective LBBP; (3) Some transitions may not be 
demonstrable due to temporarily equal capture thresholds 
of two structures and may appear later.
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Figure 1. A. Intraprocedural transition initially diagnosed as transition to selective left bundle branch capture. Note the manifestation of 
the right bundle branch block pattern (terminal R-wave in lead V1, terminal S-wave in lead I) and the presence of an isoelectric interval after 
the pacing spike (most visible in leads V4–V6) during selective capture, while R-wave peak time in lead V6 was constant at 80 ms. B. Echo-
cardiographic image shows the deep position of the lead in the basal interventricular septum. C. Native QRS complex (first on the left) and 
transitions of paced QRS morphology from non-selective capture with tiny terminal R-wave (second from the left, output 2 V × 0.4 ms) to 
selective His-bundle pacing (third from the left, output 0.75 V × 0.4 ms) and finally to selective His-bundle capture with right bundle branch 
block (fourth from the left, output 0.5 V × 0.4 ms) during the gradual decrease of pulse amplitude (precordial leads are shown, sweep speed 
50 mm/s). The second and the fourth QRS complexes correspond with the paced QRS complexes presented in panel A. D. Intraprocedural 
recording of conduction system potential (at the bottom)
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due to a left-sided myocardial component, resembling 
non-selective LBBP; (2) Left bundle branch fibers may be 
selectively captured inside the distal His-bundle, which 
may imitate selective LBBP; (3) Some transitions may not be 
demonstrable due to temporarily equal capture thresholds 
of two structures and may appear later.
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A 42-year-old man was admitted to our 
outpatient cardiac center for chronic ex-
ertional dyspnea. His medical history was 
unremarkable. Cardiovascular examination 
revealed a 2/6 systolic murmur at the lower 
left sternal border. An electrocardiogram 
showed normal sinus rhythm. A transthoracic 
echocardiogram showed normal biventricular 
systolic functions, mild tricuspid regurgi-
tation, mildly enlarged right atrium (area: 
21.4 cm2) and right ventricle (basal diameter: 
4.5 cm). Contrast echocardiography from the 

right antecubital vein showed a right-to-left 
transition of bubbles in the first three cycles 
(Figure 1A–B; Supplementary material, Vi-
deo S1). Transesophageal echocardiography 
demonstrated marked turbulent flow in the 
right atrium from the coronary sinus (CS). 
There was a defect on the roof of the CS in 
the left atrium (1.5 × 0.7 cm) (Figure 1C–D; 
Supplementary material, Videos S2–S6). The 
patient was referred for surgical repair.

This case illustrates the challenging as-
pects of defining the dilatation of the right 

Figure 1. A. Apical four-chamber view demonstrates the mildly dilated right heart chambers. B. Contrast 
echocardiography from the right antecubital vein showed a right-to-left transition of bubbles in the first three 
cycles. C. Transesophageal echocardiography revealed a defect between the left atrium and the coronary 
sinus. D. Three-dimensional echocardiography provided visualization of the pear-shaped defect

Abbreviations: CS, coronary sinus; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle
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heart chambers. Meticulous examination of the interatrial 
septum is crucial in finding a left-to-right shunt when the 
right ventricle is dilated. Unroofed coronary sinus is a rare 
congenital cardiac anomaly, characterized by a partially 
deficient or completely absent wall of the CS within the 
left atrium leading to a left-to-right shunt [1]. Because 
it can accompany a secundum atrial septal defect, it is 
crucial to fully delineate the anatomy before percutane-
ous intervention [2]. Computed tomography scans may 
not visualize the exact dimensions of the opening of the 
unroofed coronary sinus but additional abnormalities (i.e., 
persistent left superior vena cava or partial pulmonary 
venous return abnormality) can be delineated in detail [3]. 
Classically, patients with large unroofed coronary sinus are 
surgically corrected although a transcatheter therapeutic 
approach to the coronary sinus could be feasible [3–5]. Our 
Heart Team decided on the surgical correction due to the 
local expertise on congenital heart disease. The thorough 
assessment of the interatrial septum via a three-dimen-
sional echocardiogram had a pivotal role in the diagnosis 
and management of the patient.

Supplementary material 
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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A 22-year-old female with congenital heart 
disease was referred to our hospital with re-
current syncope and symptoms of worsening 
exercise tolerance. She had been born with 
right ventricular hypoplasia, an atrial septal 
defect, and a ventricular septal defect. The 
patient had undergone pulmonary artery 
banding, hemi-Fontan operation at one year 
of age, and fenestrated Fontan completion 
two years later. 

Electrocardiographic (ECG) monitoring 
showed episodes of sinus bradycardia with 
normal atrioventricular conduction (Figure 1A). 

A spiroergometric test revealed an insufficient 
chronotropic response with the presence of se-
vere dizziness, hypotension, and pre-syncope 
during exercise [1]. Considering the experience 
of our center in implanting pacemakers in 
patients with Fontan circulation, a collective 
decision was made to qualify the patient for 
an intravascular pacemaker [2]. Contrary to 
a previously described case, due to the lack 
of atrioventricular conduction disturbances, 
a plan was set to perform an intraprocedural as-
sessment of fast atrioventricular conduction to 
exclude any distal conduction disturbances in 

Figure 1. A. Electrocardiogram (ECG) monitoring with episodes of sinus bradycardia with normal atrioventric-
ular conduction. B. ECG registration showing AAI pacing. C. Fluoroscopy of heart catheterization with detailed 
hemodynamic and angiographic evaluation of Fontan circulation. The arrow indicates fenestration between 
the Fontan circulation and the atrium. D. The chest radiograph after the procedure, showing the correct posi-
tion of the atrial pacing lead
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the His–Purkinje system. The aim was to avoid implantation 
of a ventricular pacing lead, which reduces the complexity 
of the procedure and minimizes the risk of complications 
associated with the implantation of a dual-chamber pa-
cing system.

Pre-procedural planning included heart catheterization 
with detailed hemodynamic and angiographic evaluation 
(Figure 1C) and ECG-gated cardiac contrast-enhanced 
computed tomography. Pacemaker implantation was 
carried out under light analgosedation in a hybrid oper-
ating room. Venous access was gained by puncture of the 
left subclavian vein. Fenestration in the Fontan baffle was 
cannulated with the Medtronic Attain Command™ delivery 
system (Medtronic, Minneapolis, MN, US). The lumenless 
Medtronic SelectSecure™ 3830 lead was placed in the right 
atrium via the Medtronic C315HIS Delivery Catheter. We 
obtained the correct sensing and pacing parameters. Atrial 
pacing test showed normal atrioventricular conduction up 
to 150 heartbeats per minute well tolerated by the patient. 

The procedure and postoperative period were unevent-
ful. A chest radiograph showed the correct position of the 
atrial lead (Figure 1D). Pacing parameters were excellent, 
and appropriate pacemaker function was confirmed on 
ECG monitoring (Figure 1B). Echocardiography showed no 
intracardiac thrombi or pericardial effusion. Treatment with 
warfarin was introduced for thromboembolic prevention 
[3]. The pacing program was set to AAIR 60/min. At the 
3-month follow-up visit, the patient reported an improve-
ment in exercise tolerance, resolution of dizziness, and 
pre-syncope symptoms. Echocardiography showed normal 
blood flow through the fenestration tunnel with no intra-
cardiac thrombi or pericardial effusion. The spiroergometric 
test showed improvement in exercise tolerance, without 
previously observed symptoms of severe dizziness, hypo-

tension, and pre-syncope. Pacing parameters remained 
within the normal range (sensing: >5.6 mV, impedance: 
405 oms, and pacing threshold: 1 V/0.4 ms). The percentage 
of atrial pacing was 72%. There were no arrhythmic events 
recorded in the pacemaker’s memory. 

Our moderate experience shows that transvenous 
pacemaker implantation can successfully and safely restore 
chronotropic competence in patients with hemi-Fontan 
circulation with subsequent fenestration. However, we still 
need large, prospective, and multicenter studies to objec-
tively assess the effectiveness and safety of this pacing 
method in this group of patients.
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the His–Purkinje system. The aim was to avoid implantation 
of a ventricular pacing lead, which reduces the complexity 
of the procedure and minimizes the risk of complications 
associated with the implantation of a dual-chamber pa-
cing system.

Pre-procedural planning included heart catheterization 
with detailed hemodynamic and angiographic evaluation 
(Figure 1C) and ECG-gated cardiac contrast-enhanced 
computed tomography. Pacemaker implantation was 
carried out under light analgosedation in a hybrid oper-
ating room. Venous access was gained by puncture of the 
left subclavian vein. Fenestration in the Fontan baffle was 
cannulated with the Medtronic Attain Command™ delivery 
system (Medtronic, Minneapolis, MN, US). The lumenless 
Medtronic SelectSecure™ 3830 lead was placed in the right 
atrium via the Medtronic C315HIS Delivery Catheter. We 
obtained the correct sensing and pacing parameters. Atrial 
pacing test showed normal atrioventricular conduction up 
to 150 heartbeats per minute well tolerated by the patient. 

The procedure and postoperative period were unevent-
ful. A chest radiograph showed the correct position of the 
atrial lead (Figure 1D). Pacing parameters were excellent, 
and appropriate pacemaker function was confirmed on 
ECG monitoring (Figure 1B). Echocardiography showed no 
intracardiac thrombi or pericardial effusion. Treatment with 
warfarin was introduced for thromboembolic prevention 
[3]. The pacing program was set to AAIR 60/min. At the 
3-month follow-up visit, the patient reported an improve-
ment in exercise tolerance, resolution of dizziness, and 
pre-syncope symptoms. Echocardiography showed normal 
blood flow through the fenestration tunnel with no intra-
cardiac thrombi or pericardial effusion. The spiroergometric 
test showed improvement in exercise tolerance, without 
previously observed symptoms of severe dizziness, hypo-

tension, and pre-syncope. Pacing parameters remained 
within the normal range (sensing: >5.6 mV, impedance: 
405 oms, and pacing threshold: 1 V/0.4 ms). The percentage 
of atrial pacing was 72%. There were no arrhythmic events 
recorded in the pacemaker’s memory. 

Our moderate experience shows that transvenous 
pacemaker implantation can successfully and safely restore 
chronotropic competence in patients with hemi-Fontan 
circulation with subsequent fenestration. However, we still 
need large, prospective, and multicenter studies to objec-
tively assess the effectiveness and safety of this pacing 
method in this group of patients.
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Acute pulmonary embolism (PE) occurs rela-
tively rarely in adolescence. According to the 
2018 American Society of Hematology guide-
lines, pulmonary arteries (PA) reperfusion 
treatment should be considered in children 
when hemodynamic compromise is present 
despite anticoagulation [1]. Catheter-directed 
therapies (CDT) have emerged as valuable rep-
erfusion modalities [2, 3]; however, evidence 
of their utility in the pediatric population 
is scarce. Pulmonary Embolism Response 
Teams (PERT) have been created to support 
decision-making in severe and complex PE 
scenarios [4, 5].

We report a case of a 16-year-old girl re-
ferred to our PERT from a pediatric cardiology 
department due to intermediate-high-risk 
PE. She had a history of combined (etono-
gestrel and ethinylestradiol) oral contracep-
tives and antipsychotic use. Her symptoms 
occurred suddenly with syncope, dyspnea, 
and chest discomfort. Once computed angi-
otomography showed bilateral, proximal PA 
emboli, intravenous unfractionated heparin 
was started and continued at our tertiary 
pediatric cardiology and intensive care unit. 
Despite anticoagulation with activated partial 
thromboplastin time maintained between 
46–70 s, symptoms and signs of cardiorespira-
tory compromise persisted over 24 hours. Her 
systolic blood pressure was 95 mm Hg, and her 
heart rate (HR) was 120/min. She required an 
oxygen supply of 4 l/min to maintain arterial 

oxygen saturation (SatO2) over 90%. Echo-
cardiography revealed persistent dilation 
and impairment of the right ventricle (RV). 
No signs of chronic pulmonary hypertension 
were present. Troponin levels rose from 0.02 to 
0.064 ng/ml (reference range <0.014 ng/ml) 
and the N-terminal pro-B-type natriuretic 
peptide from 2224 to 4480 pg/ml (reference 
range <206 pg/ml). 

As no significant improvement could be 
observed, the PERT considered her condition 
potentially life-threatening and decided to 
pursue CDT in an off-label fashion for the pedi-
atric population. After receiving her and her 
parents’ informed consent, urgent percutane-
ous embolectomy with the Penumbra Light-
ning 12 system was performed, which evacu-
ated a substantial thrombus and improved the 
mean PA pressure (mPAP) measured invasively 
from 34 to 32 mm Hg and the cardiac index 
(CI) from 1.48 to 1.58 l/min/m2. To optimize the 
effect of embolectomy, we decided to supple-
ment it with bilateral low-dose-local-throm-
bolysis with a cumulative alteplase dose of 
20 mg delivered over 10 hours. The rationale 
for such an approach stemmed from reported 
significant distress experienced by the patient 
(chest discomfort) during manipulations with 
the embolectomy catheter, which precluded 
complete thrombus removal and achieve-
ment of intended clinical and hemodynamic 
efficacy. This strategy resulted in a further 
mPAP reduction to 21 mm Hg, CI increase to 
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2.38 l/min/m2, improvement in symptoms and vital signs, 
and reduction in N-terminal pro-B-type natriuretic peptide 
levels to 1608 pg/ml.

The patient was ambulated the next day and transferred 
back to the pediatric cardiology clinic. Rivaroxaban was 
started on the 1st post-procedural day. Her subsequent 
hospital stay was uneventful, and she was discharged home 
without exercise limitation. 

This case showed that CDT use in a teenage girl was 
safe and resulted in a rapid clinical improvement. It was, 
to the best of our knowledge, the first successful use of 
the PENUMBRA Lightning 12 system in a pediatric patient. 
Promoting partnerships between pediatric physicians and 
PERTs may bring benefit to PE management in this pop-
ulation.

Article information 
Conflict of interest: None declared. 

Funding: This article was supported by the science fund of the Saint 
John Paul II Hospital, Kraków, Poland (no. FN/17/2020 to JS) 

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, which allows downloading and 
sharing articles 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. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

REFERENCES
1. Monagle P, Cuello CA, Augustine C, et al. American Society of Hematol-

ogy 2018 Guidelines for management of venous thromboembolism: 
treatment of pediatric venous thromboembolism. Blood Adv. 2018; 
2(22): 3292–3316, doi: 10.1182/bloodadvances.2018024786, indexed in 
Pubmed: 30482766.

2. Stępniewski J, Kopeć G, Musiałek P, et al. Hemodynamic effects of ultra-
sound-assisted, catheter-directed, very low-dose, short-time duration 
thrombolysis in acute intermediate-high risk pulmonary embolism (from 
the EKOS-PL study). Am J Cardiol. 2021; 141: 133–139, doi: 10.1016/j.
amjcard.2020.11.004, indexed in Pubmed: 33220318.

3. Stępniewski J, Magoń W, Podolec P, et al. The PENUMBRA Lightning 12 sys-
tem for treatment of acute intermediate-high pulmonary embolism. Initial 
experience in Pulmonary Circulation Center Krakow, Poland. Postepy Kar-
diol Interwencyjnej. 2022; 18(3): 314–316, doi: 10.5114/aic.2022.120974, 
indexed in Pubmed: 36751285.

4. Araszkiewicz A, Kurzyna M, Kopeć G, et al. Pulmonary embolism response 
team: A multidisciplinary approach to pulmonary embolism treatment. 
Polish PERT Initiative Report. Kardiol Pol. 2021; 79(12): 1311–1319, 
doi: 10.33963/KP.a2021.0130, indexed in Pubmed: 34643260.

5. Kopeć G, Araszkiewicz A, Kurzyna M, et al. Role of catheter-directed 
therapies in the treatment of acute pulmonary embolism. Expert opinion 
of the Polish PERT Initiative, Working Group on Pulmonary Circulation, 
Association of Cardiovascular Interventions, and Association of Inten-
sive Cardiac Care of the Polish Cardiac Society. Kardiol Pol. 2023; 81(4): 
423–440, doi: 10.33963/KP.a2023.0075, indexed in Pubmed: 36951599.

Figure 1. A. Angio CT of a 16-year-old girl with sudden syncope, dyspnea, and chest discomfort confirming the diagnosis of pulmonary em-
bolism with massive proximal clots in both PAs (arrows). B. Angio CT showing dilation of the RV and the RV-to-LV ratio of 1.7; no thickening  
of the RV wall is present. C. Clots evacuated from PAs with the PENUMBRA Lightning 12 system during catheter-directed embolectomy 
procedure based on the Pulmonary Embolism Response Team’s decision as no significant clinical improvement could be reached despite 
therapeutic anticoagulation, which led to a mPAP reduction from 34 to 32 mm Hg and CI improvement from 1.48 to 1.58 l/min/m2 as 
assessed by right heart catheterization. D. Fluoroscopy showing infusion catheters placed within remaining clots in both PAs for low-dose 
catheter-directed thrombolysis, with a total dose of 20 mg delivered during 10 hours and resulting in a further mPAP reduction to 21 mm Hg 
and CI increase to 2.38 l/min/m2. E. Angio CT presenting treatment results with a reduction of clot burden in both PAs (arrows) and improve-
ment in the RV/LV ratio to 0.78 (F)

Abbreviations: Angio CT, computed angiotomography; CI, cardiac index; LA, left atrium; LV, left ventricle; mPAP, mean pulmonary artery 
pressure; PA, pulmonary artery; RA, right atrium; RV, right ventricle
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A 71-year-old male with a history of stroke 
and diabetes was admitted for left-sided heart 
failure and non-ST-segment elevation myo-
cardial infarction. Echocardiography revealed 
a dilated left ventricle with reduced ejection 
fraction (20%), inferobasal and apical scar, and 
anteroseptal akinesia with preserved myocar-
dial wall thickness. Later was confirmed on 
a single-photon emission computed tomo-
graphy. Coronary angiography showed chron-
ic total occlusion of the right coronary artery, 
subocclusive non-calcified stenosis of the 
ostial/proximal and mid segments of the left 
anterior descending (LAD) artery and signifi-
cant circumflex artery (Cx) stenosis (Figure 1).  
The Heart Team opted for percutaneous cor-
onary intervention (PCI) with the PulseCath 
iVAC 2L support. This was achieved through 
the left femoral approach while PCI was 
performed through right femoral access. Fol-
lowing predilaton, the Cx was stented with an 
Orsiro 2.75/26 mm (Biotronik) drug-eluting 
stent (DES). Subsequently, after predilation, 
the 2.75/26 mm (Biotronik) DES and Ultimas-
ter 3.0/30 mm (Terumo) DES were implanted 
in the left main and the LAD, followed by 
the proximal optimization technique (POT)/ 
/kissing/POT sequence. A good result was 
achieved at the left main and LAD level; how-
ever, occlusion of a strong first septal branch 
(SB) occurred. The newly developed right 
bundle branch block progressed to a com-
plete atrioventricular (AV) block, requiring 
temporary transvenous electrostimulation. 

Negotiating the SB proved to be challeng-
ing but was eventually achieved with a Fielder 
XTA (Asahi) wire over the Sasuke dual lumen 
microcatheter (Asahi). Recanalization was 
achieved with semi-compliant 1.5/10 mm 

balloon dilatation, which was immediately 
followed by resolution of conduction abnor-
malities. The POT proximal to the SB led to 
SB occlusion, but the procedure was finished 
after additional SB balloon dilatation (Supple-
mentary material, Video S1). The further course 
was uneventful.

During LAD PCI, SBs are usually neglected 
[1]. Preferable take-off angle, large collateral 
network, and small calibers render SB inter-
vention unnecessary. Nevertheless, clinically 
silent and structurally insignificant SB occlu-
sions do occur [2]. Conversely, experiences 
from alcohol septal ablation of the first SB 
suggest that as many as  9%–20% of patients 
need pacemaker implantation due to  a new 
heart block [2]. This is because both the right 
bundle branch and the left anterior fascicle 
of the heart conduction system are supplied 
exclusively by the first SB [3]. In 2019, Nojima 
et al. [3] reported a case with a complete AV 
block developing 3 days following LAD PCI, 
which resulted in occlusion of the first SB. In 
a literature review, the authors found only 
8 similar cases, rendering such events rea-
sonably rare. Similarly, the SB was reopened 
with 1.5 mm semi-compliant balloon dilata-
tion over a poly mer jacket wire; wiring was 
achieved with a microcatheter. Negotiation 
of the SB proved much more challenging in 
our case. In such a scenario, a double-lumen 
catheter may provide a crucial aid in achieving 
optimal angulation for the secondary wire. 

Preserving both adequate AV conduction 
and avoiding a complete bundle branch 
block in our patient were of vital interest to 
“do no harm”. Otherwise, resynchronization 
therapy would have to be considered. This 
was avoided by successful recanalization of 

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a1302

 � C L I N I C A L  V I G N E T T E

Septal branch in heart failure: Significant implications  
of an insignificant branch

Marin Pavlov1, 2, Irzal Hadžibegović1, Nikola Pavlović1, Šime Manola1

1Department of Cardiology, Dubrava University Hospital, Zagreb, Croatia
2University North, Koprivnica, Croatia

Correspondence to:
Marin Pavlov, MD, PhD,
Department of Cardiology, 
Dubrava University Hospital, 
Avenija Gojka Šuška 6,  
10000 Zagreb, Croatia,
phone: +38 59 923 602 86,
e-mail: mpavlov@kbd.hr

Copyright by the Author(s), 2023

DOI: 10.33963/KP.a2023.0169

Received:  
June 19, 2023

Accepted:  
July 30, 2023

Early publication date:  
August 4, 2023
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cardial infarction. Echocardiography revealed 
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balloon dilatation, which was immediately 
followed by resolution of conduction abnor-
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suggest that as many as  9%–20% of patients 
need pacemaker implantation due to  a new 
heart block [2]. This is because both the right 
bundle branch and the left anterior fascicle 
of the heart conduction system are supplied 
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8 similar cases, rendering such events rea-
sonably rare. Similarly, the SB was reopened 
with 1.5 mm semi-compliant balloon dilata-
tion over a poly mer jacket wire; wiring was 
achieved with a microcatheter. Negotiation 
of the SB proved much more challenging in 
our case. In such a scenario, a double-lumen 
catheter may provide a crucial aid in achieving 
optimal angulation for the secondary wire. 

Preserving both adequate AV conduction 
and avoiding a complete bundle branch 
block in our patient were of vital interest to 
“do no harm”. Otherwise, resynchronization 
therapy would have to be considered. This 
was avoided by successful recanalization of 
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Figure 1. Right anterior oblique view of the left main and left an-
terior descending coronary arteries. A. Initial finding. B. After stent 
delivery; optimal results at the level of the left main and proximal 
left anterior descending artery; however, occlusion of the septal 
branch occurred. C. After septal branch recanalization 

the presumably “insignificant” LAD branch. Strategies to 
prevent SB occlusion during LAD PCI in heart failure pa-
tients should be implemented.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.

Article information
Conflict of interest: None declared.

Funding: None.

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, which allows downloading and 
sharing articles 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. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

REFERENCES
1. Dorfman TA, Resar JR. Thrombotic occlusion of a large septal perforator 

presenting as ST-segment elevation in V1-V2 and treated with aspiration 
thrombectomy: a brief review of the literature. J Invasive Cardiol. 2011; 
23(1): E255–E259, indexed in Pubmed: 21183777.

2. Gao F, Khalid U. Inadvertent septal ablation during percutaneous coronary 
intervention. Cureus. 2021; 13(11): e19227, doi: 10.7759/cureus.19227, 
indexed in Pubmed: 34877205.

3. Zimetbaum PJ, Josephson ME. Use of the electrocardiogram in acute myo-
cardial infarction. N Engl J Med. 2003; 348(10): 933–940, doi: 10.1056/NE-
JMra022700, indexed in Pubmed: 12621138.

4. Nojima Y, Ihara M, Adachi H, et al. Rescue percutaneous coronary 
intervention for a lethal “jailed” septal perforator branch to resolve de-
layed complete atrioventricular block. Int Heart J. 2019; 60(2): 457–461, 
doi: 10.1536/ihj.18-280, indexed in Pubmed: 30799381.

A

B

C

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a 1303

Marin Pavlov et al., Septal branch in heart failure: Significant implications of an insignificant branch

Figure 1. Right anterior oblique view of the left main and left an-
terior descending coronary arteries. A. Initial finding. B. After stent 
delivery; optimal results at the level of the left main and proximal 
left anterior descending artery; however, occlusion of the septal 
branch occurred. C. After septal branch recanalization 

the presumably “insignificant” LAD branch. Strategies to 
prevent SB occlusion during LAD PCI in heart failure pa-
tients should be implemented.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.

Article information
Conflict of interest: None declared.

Funding: None.

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, which allows downloading and 
sharing articles 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. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

REFERENCES
1. Dorfman TA, Resar JR. Thrombotic occlusion of a large septal perforator 

presenting as ST-segment elevation in V1-V2 and treated with aspiration 
thrombectomy: a brief review of the literature. J Invasive Cardiol. 2011; 
23(1): E255–E259, indexed in Pubmed: 21183777.

2. Gao F, Khalid U. Inadvertent septal ablation during percutaneous coronary 
intervention. Cureus. 2021; 13(11): e19227, doi: 10.7759/cureus.19227, 
indexed in Pubmed: 34877205.

3. Zimetbaum PJ, Josephson ME. Use of the electrocardiogram in acute myo-
cardial infarction. N Engl J Med. 2003; 348(10): 933–940, doi: 10.1056/NE-
JMra022700, indexed in Pubmed: 12621138.

4. Nojima Y, Ihara M, Adachi H, et al. Rescue percutaneous coronary 
intervention for a lethal “jailed” septal perforator branch to resolve de-
layed complete atrioventricular block. Int Heart J. 2019; 60(2): 457–461, 
doi: 10.1536/ihj.18-280, indexed in Pubmed: 30799381.

A

B

C

Ark.62 Front, Cyfra - czasopisma - KP_2023_12_srodki (administrator), 2024-01-08 11:27:19, 



w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a1304

 � C L I N I C A L  V I G N E T T E

Revascularization technique with use of lithotripsy 
of intracranial calcified critical stenosis of the internal 
carotid artery 

Paweł Latacz1, Krzysztof Kwiecień1, Marian Simka2

1Department of Vascular Surgery and Angiology, Brothers of Mercy St. John of God Hospital, Kraków, Poland
2Department of Anatomy, University of Opole, Opole, Poland

Correspondence to:
Paweł Latacz MD, PhD, 
Department of Vascular Surgery 
and Angiology, 
Brothers of Mercy St. John of God 
Hospital, 
Trynitarska 11, 31–061 Kraków, 
Poland, 
phone: +48 12 379 71 28, 
e-mail: pawlat@me.com

Copyright by the Author(s), 2023

DOI: 10.33963/v.kp.97960

Received:  
August 29, 2023

Accepted:  
October 24, 2023

Early publication date:  
November 2, 2023

Intravascular lithotripsy (IL) is increasingly 
becoming a useful method for endovascular 
management of calcified plaques in different 
arterial territories (coronary, renal, mesenteric, 
extremity, and extracranial carotid arteries), 
especially, if such stenoses cannot be ad-
dressed using cutting balloons or transcathe-
ter atherectomy devices [1–4]. This case report 
demonstrates a successful application of IL of 
a highly calcified lesion in the cavernous (C4) 
segment of the right internal carotid artery 
(ICA) in a 62-year-old symptomatic female 
patient presenting with transient ischemic 
attack and a 2-month history of right-hemi-
sphere stroke. Computed tomography angi-
ography (CTA) revealed 60% stenosis in the 
brachiocephalic trunk, 30% stenosis in the 
cervical (C1) segment, and a critically stenosed 
calcified cavernous (C4) segment of the right 
ICA. Since standard management of this lesion 
was associated with high risk of unsuccessful 
revascularization, which, in turn, could result 
in complete occlusion and life-threatening 
stroke, we decided to address it using IL. 

The overall endovascular strategy was ex-
plained to the patient, and she gave informed 
consent. Catheter angiography demonstrated 
good inflow to the left cerebral hemisphere 
but no collateral inflow to the right side. On 
the right side, our findings were in line with 
CTA (Figure 1A). Firstly, a guidewire was nav-
igated into the M1 segment of the middle 
cerebral artery. The stenosis in the C4 segment 
of ICA was predilated using balloons under the 
pressure of 8–16 atm. Such a pressure, which 
was much higher in comparison with standard 
angioplasty for intracranial lesions, was used 
because the target lesion was highly calcified. 

Then, we introduced a 3.5/12 mm Shockwave 
C2 (Shockwave Medical, Santa Clara, CA, US) 
intravascular lithotripsy catheter (Figure 1B). 
At the level of calcified plaque, we inflated 
a balloon of this system under the pressure 
of 2–4 atm. and performed 2, then 4, and 
again 4 applications of sonic energy; then the 
lesion was dilated with the balloon under the 
pressure of 6–12 atm. Since the stenosis was 
recoiling (Figure 1C), we advanced an aspira-
tion catheter up to the lesion, and through 
this catheter implanted a 3.5/12 mm Xience 
Sierra drug-eluting stent (Abbott, Chicago, IL, 
US) (Figure 1D). This stent is characterized by 
a higher radial force than typical stents used 
to address intracranial lesions. Still, there was 
a considerable risk of recoil, which could not 
be reopened if a standard radial force stent 
was used. Besides, this stent has a low profile, 
which facilitated its navigation to the intrac-
ranial part of the ICA. The final angiographic 
result of the procedure was good (residual ste-
nosis <10%) with correct inflow to the arteries 
of the right hemisphere (Figure 1E). The post-
procedural course (6 months) was uneventful. 
CTA performed 8 weeks after the procedure 
did not show re-stenosis (Figure 1F).

Although the procedure was successful, 
it should be noted that the first two applica-
tions of sonic energy were poorly tolerated by 
the patient; she experienced extremely high 
noise during lithotripsy. Therefore, further 
applications were performed under analgose-
dation. We demonstrated that intravascular 
lithotripsy of a highly calcified critical stenosis 
in the intracranial part of the ICA is feasible. 
However, for the time being, the safety profile 
of such procedures remains uncertain. 
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management of calcified plaques in different 
arterial territories (coronary, renal, mesenteric, 
extremity, and extracranial carotid arteries), 
especially, if such stenoses cannot be ad-
dressed using cutting balloons or transcathe-
ter atherectomy devices [1–4]. This case report 
demonstrates a successful application of IL of 
a highly calcified lesion in the cavernous (C4) 
segment of the right internal carotid artery 
(ICA) in a 62-year-old symptomatic female 
patient presenting with transient ischemic 
attack and a 2-month history of right-hemi-
sphere stroke. Computed tomography angi-
ography (CTA) revealed 60% stenosis in the 
brachiocephalic trunk, 30% stenosis in the 
cervical (C1) segment, and a critically stenosed 
calcified cavernous (C4) segment of the right 
ICA. Since standard management of this lesion 
was associated with high risk of unsuccessful 
revascularization, which, in turn, could result 
in complete occlusion and life-threatening 
stroke, we decided to address it using IL. 

The overall endovascular strategy was ex-
plained to the patient, and she gave informed 
consent. Catheter angiography demonstrated 
good inflow to the left cerebral hemisphere 
but no collateral inflow to the right side. On 
the right side, our findings were in line with 
CTA (Figure 1A). Firstly, a guidewire was nav-
igated into the M1 segment of the middle 
cerebral artery. The stenosis in the C4 segment 
of ICA was predilated using balloons under the 
pressure of 8–16 atm. Such a pressure, which 
was much higher in comparison with standard 
angioplasty for intracranial lesions, was used 
because the target lesion was highly calcified. 

Then, we introduced a 3.5/12 mm Shockwave 
C2 (Shockwave Medical, Santa Clara, CA, US) 
intravascular lithotripsy catheter (Figure 1B). 
At the level of calcified plaque, we inflated 
a balloon of this system under the pressure 
of 2–4 atm. and performed 2, then 4, and 
again 4 applications of sonic energy; then the 
lesion was dilated with the balloon under the 
pressure of 6–12 atm. Since the stenosis was 
recoiling (Figure 1C), we advanced an aspira-
tion catheter up to the lesion, and through 
this catheter implanted a 3.5/12 mm Xience 
Sierra drug-eluting stent (Abbott, Chicago, IL, 
US) (Figure 1D). This stent is characterized by 
a higher radial force than typical stents used 
to address intracranial lesions. Still, there was 
a considerable risk of recoil, which could not 
be reopened if a standard radial force stent 
was used. Besides, this stent has a low profile, 
which facilitated its navigation to the intrac-
ranial part of the ICA. The final angiographic 
result of the procedure was good (residual ste-
nosis <10%) with correct inflow to the arteries 
of the right hemisphere (Figure 1E). The post-
procedural course (6 months) was uneventful. 
CTA performed 8 weeks after the procedure 
did not show re-stenosis (Figure 1F).

Although the procedure was successful, 
it should be noted that the first two applica-
tions of sonic energy were poorly tolerated by 
the patient; she experienced extremely high 
noise during lithotripsy. Therefore, further 
applications were performed under analgose-
dation. We demonstrated that intravascular 
lithotripsy of a highly calcified critical stenosis 
in the intracranial part of the ICA is feasible. 
However, for the time being, the safety profile 
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Figure 1. A. Angiography of the right 
internal carotid artery, critical calcified 
stenosis in the cavernous (C4) segment 
(black arrow); white arrows point to the 
middle and anterior cerebral arteries.  
B. Lithotripsy balloon at the level of 
the target lesion, black arrows show 
proximal and distal markers of the 
device. C. Control angiography after 
5 minutes; recoil with visible dissection. 
D. Stent prepared for implantation, 
white arrow points to the end of aspira-
tion catheter, black arrows point to the 
stent markers. E. Control angiography 
in the anteroposterior view after stent 
implantation; good result with minor 
residual stenosis and good inflow to 
the right anterior and middle cerebral 
arteries, yet without communication 
to the left cerebral hemisphere; arrows 
show implanted stent. F. Control com-
puted tomography angiography, patent 
stent with minor residual stenosis and 
good inflow to the arteries of the right 
cerebral hemisphere
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A 63-year-old male, with no history of chronic 
conditions, was admitted to the Department 
of Cardiology for myocardial infarction. The 
patient reported chest discomfort. Physical 
examination revealed no significant abnor-
malities; the heart rate was regular at 62/min 
and blood pressure was 154/95 mm  Hg. 
Electrocardiography showed anterior and 
inferior wall ischemia. We performed in-
vasive coronary angiography and primary 
percutaneous coronary intervention on the 
left anterior descending artery followed by 
staged percutaneous coronary intervention 
on the circumflex artery on the next day. Lab-
oratory test results showed elevated troponin 
T levels. Bedside echocardiography revealed 
segmental myocardial systolic dysfunction 
with reduced ejection fraction (Biplane Simp-
son method 35%), with no significant valvular 
disease. There was a longitudinal structure 
within the left atrium (Figure 1A). Echo - 
cardiography was then repeated in the  
echocardiography laboratory and showed the 
presence of an additional structure located 
at the lateral wall of the left atrium, adjacent 
to the left atrial appendage (LAA) and the 
left superior pulmonary vein. The motion of 
this structure was consistent with the cardiac 
cycle, and its echogenicity was comparable 
to that of heart tissues (Figure 1B and 1C). 
This finding prompted a tentative diagnosis 
of a prominent coumadin ridge. Trans-
esophageal echocardiography (TEE) showed 
a structure, which resembled a cotton swab, 
with a narrow proximal part and a bulbous 
distal part (Figure 1D). Cardiac magnetic res-
onance imaging (cMRI) showed a structure in 
a four-chamber view, which was not visible  
in any other sequences and showed no con-
trast enhancement (Figure 1E). This structure 

was then assumed to be a prominent couma-
din ridge; therefore, no further investigations 
were performed, nor was any anticoagulant 
treatment initiated. 

A coumadin ridge is an anatomic variant, 
which is an embryological remnant, detected 
in the left atrium between the left superior 
pulmonary vein and the LAA. Being aware 
of the existence of this structure may be 
crucial for differential diagnosis of any focal 
lesions found in the left atrium and planning 
of percutaneous transcatheter interventions, 
such as ablation or LAA closure. Coumadin 
ridges show inter-individual variability, and 
their estimated prevalence is 60% on gross 
postmortem examinations [1]. The ridge 
tissue fold contains the ligament of Marshall, 
an autonomic nerve bundle and a small atrial 
or sinoatrial-node artery. The vestigial ridge 
is usually invisible on echocardiography; 
however, if prominent, the structure may be 
misdiagnosed [2]. On TEE, its shape resembles 
that of a cotton swab (“Q-tip sign”) [3]. Com-
puted tomography or cMRI can be useful in 
differential diagnosis [4]. 

Utmost caution should be exercised every 
time a coumadin ridge-like focal lesion in 
the left atrium is diagnosed since myxomas, 
fibromas, and thrombi may be also found in 
the same location [5]. On TEE, a coumadin 
ridge interferes with good imaging of the 
LAA, which should be imaged omitting  
the structure, preferably “above” the entrance 
to the LAA, moving the structure to the side. 
Coumadin ridges may also impede the flow 
of blood in the LAA and may be associated 
with thromboembolic complications, which 
requires further study. Imaging study results 
should be interpreted in the clinical context, 
with the thromboembolic risk and possible 
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Coumadin ridges may also impede the flow 
of blood in the LAA and may be associated 
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cancer history taken into consideration. In the presented 
case, TEE and cMRI were used to determine the nature of 
the lesion. 

Being aware of the presence of anatomic variants within 
the left atrium, along with their structure and location, is 
indispensable to avoid initiating unnecessary therapeutic 
interventions and expanding the scope of diagnostic in-
vestigations.
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Figure 1. A. A focal lesion 
in the left atrium mea-
suring 19 × 5 mm (apical 
four-chamber view) first 
noticed on bedside trans-
thoracic echocardiography 
in a cardiac intensive care 
unit patient (red arrow).  
B. The coumadin ridge-like 
focal lesion in the left atri-
um (apical four-chamber 
view) visualized on repeat 
transthoracic echocardi-
ography performed in the 
local echocardiography 
laboratory (red arrow).  
C. The coumadin ridge-like 
focal lesion in the left 
atrium (two-chamber 
view) visualized on repeat 
transthoracic echocardi-
ography performed in the 
local echocardiography 
laboratory (red arrow).  
D. The location and struc- 
ture of the coumadin 
ridge-like lesion measur-
ing approximately 28 mm 
on transesophageal echo-
cardiography (modified 
bi-commissural view) (red 
arrow). E. The coumadin 
ridge-like lesion in the left 
atrium on cardiac mag-
netic resonance imaging 
(red arrow)
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September 12, 1963 is a very important date 
in the history of cardiac electrotherapy in 
Poland. This is the day when the first cardiac 
pacemaker in Poland was implanted. The 
procedure was performed by a surgeon 
Professor Zdzisław Kieturakis (Figure 1), in 
cooperation with cardiologists: Prof. Jakub 
Penson, Prof. Konstanty Leonowicz and Dr. 
Wojciech Kozłowski (Figure 2) from the 3rd 
Department of Internal Diseases, Medical 
University of Gdansk, directed by Prof. Mie-
czysław Gamski (Figure 3). On November 
23, 2023, the 60th anniversary of this event 
was celebrated and it took place in the so-
called hospital on Łąkowa Street in Gdańsk, 
where the first historic operation took place 
(Figures 4–6). Arche Hotel Uphagen House 
is currently located at this place, however, it 
has been renovated preserving all historical 
details of the previously operated hospital, 

and at every step the interior design reminds 
of the great history of this location. One of the 
special guests of the event was Prof. Grażyna 
Świątecka — the first, long-term Head of the 
2nd Department of Heart Diseases of the Medi-
cal University of Gdansk, which was separated 
from the 3rd Department of Internal Diseases 
in 1992 at the hospital in Łąkowa Street. In 
2004 the headquarters of the 2nd Department 
of Heart Diseases moved to Dębinki Street in 
Gdańsk, and the clinic changed its name to 
the currently in force — the 2nd Department 
of Cardiology and Cardiac Electrotherapy. 
Professor Grażyna Świątecka, awarded the 
Saint Wojciech’s Medal (honorary award of 
the Gdansk City Council) and the White Eagle 
Order, was to celebrate her 90th birthday a few 
days later. During the anniversary evening, at 
the Arche Hotel Uphagen House, a memorial 
site for former cardiologists was ceremonially 
opened, old photographs of distinguished 
doctors were hung on the walls, including 
those showing Dr. Wojciech Kozłowski and of 
course Prof. Grażyna Świątecka and her team 
from the 2nd Department of Heart Diseases of 
the Medical University of Gdansk. A showcase 
has appeared which will be a mini-museum 
of our clinic. Old pacemakers, and cardio-
verter-defibrillators (ICD), as well as a blood 
pressure monitor, and a needle for lumbar 
puncture of the famous Professor Mieczysław 
Gamski, former head of the 3rd Department 
of Internal Diseases are presented on the dis-
play. During the ceremony Professor Grażyna 
Świątecka recalled important events from the 
history of the clinic. She recalled the creation 
in October 1994 of the first Polish magazine 
devoted to the field of cardiac electrotherapy, 
the quarterly “Electrophysiology and Pacing 
of the Heart”. In 1999, the magazine changed 
its name to “Folia Cardiologica”, and in 2006, Figure 1. Professor Zdzisław Kieturakis
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Figure 2. Doctor Wojciech Kozłowski Figure 3. Professor Mieczysław Gamski

Figures 4 and 5. Guests at the cere-
mony of 60th anniversary of the first 
pacemaker implantation (photo by 
Sylwia Mierzewska)
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the editor-in-chief Grażyna Świątecka was replaced by 
Prof. Wojciech Zaręba from Rochester (US). In 2007, the 
journal changed its name to “Cardiology Journal”, which 
became an international title, published only in English. 
In this historic hospital, in 1999 under the supervision 
of Prof. Świątecka, the first Polish recommendations on 
heart pacing were developed. During the ceremony an 
archival film was presented showing how pacemakers 
were implanted in the early 1970s. Additionally, an old 
pacemaker with “fixed ventricular rate” from the years 70s 
was presented to the audience — nowadays it is shown to 
medical students during classes. It is unusual: transparent, 
you can see the entire amazing structure, it looks as if its 
elements were embedded in amber. A work of medical art! 
Over time, it will also return to the mini-museum in Arche 
Hotel Uphagen House. It is also worth mentioning that the 
hotel is now situated on Zdzislaw Kieturakis Street. The 
first pacemaker in the world constructed by the engineer 
Rune Elmquist was implanted on October 12, 1958 by 
Dr. Ake Senning from Sweden. Already 5 years later, this 
innovative method appeared in Poland, and at that time it 
was a really serious, complicated procedure that required 
a thoracotomy and exposing the heart — because the 
pacing electrodes were sewn directly onto the heart. It was 
undoubtedly a milestone in the development of cardio-
logy! It is worth emphasizing that it all started in Gdansk, 
thanks to the daughter of the first patient who worked in 
Polish Ocean Lines and had tight connections with Sweden. 
The indication to implant the pacemaker was 3rd degree 
atrioventricular block with epizodes of asystole. The next 
year after implantation the pacemaker had to be replaced 
3 times due to battery depletion. Warsaw introduced 
pacemakers’ implantations 3 years later. Prof. Grażyna 
Świątecka greatly promoted cardiac electrotherapy. In the 
years 1992–1998 she chaired the board of Cardiac Pacing 
and Clinical Electrophysiology Section of the Polish Society 

of Cardiology. During her presidency, a lot of events worth 
mentioning happened in this field. In July 1995, the first 
implantation of an ICD with a transvenous electrode in 
Poland was performed at Łąkowa hospital. The method 
of terminating dangerous ventricular arrhythmias by ICD 
was introduced by a Polish Jew, Mieczysław Mirowski 
(Figure 7), who was a student of the Gdańsk Alma Mater 
for a year in 1946. Then he immigrated to Israel, France, 

Figure 6. Professor Grażyna Świątecka, 
Professor Ludmiła Daniłowicz- 
-Szymanowicz, Professor Ewa Lewicka 
during the anniversary (photo by 
Sylwia Mierzewska)

Figure 7. Doctor Mieczysław Mirowski
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for a year in 1946. Then he immigrated to Israel, France, 

Figure 6. Professor Grażyna Świątecka, 
Professor Ludmiła Daniłowicz- 
-Szymanowicz, Professor Ewa Lewicka 
during the anniversary (photo by 
Sylwia Mierzewska)

Figure 7. Doctor Mieczysław Mirowski
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and finally to the United States of America and, as a doctor, 
began working on the construction of a small device that, 
when implanted in humans, could interrupt, for example, 
ventricular fibrillation. In 1980, the first ICD in the world 
was implanted in the United States. In Poland it was done 
6 years later in Katowice by Prof. Maria Trusz-Gluza and Prof. 
Włodzimierz Kargul in the 1st Cardiological Department 
led by Prof. Leszek Giec, and again it was an open-heart 
procedure. Doctors from Gdańsk (Prof. Andrzej Lubiński 
and Dr. Rajmund Wilczek, Figure 8) were the first in Poland 
to implant an ICD with a transvenously inserted electrode. 
This special evening recalled many important events from 
the history of cardiac electrotherapy in Poland.

Figure 8. Professor Andrzej Lubiński 
and Doctor Rajmund Wilczek
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A B S T R A C T
Despite significant advances in interventional cardiology and mechanical circulatory support (MCS) 
techniques, outcomes for patients with myocardial infarction (MI) complicated by cardiogenic shock 
(CS) remain suboptimal.

This expert consensus aims to provide information on the current management of patients with 
MI complicated by CS in Poland and to propose solutions, including systemic ones, for all stages of 
care. The document uses data from the Polish PL-ACS Registry of Acute Coronary Syndromes, which 
includes records of more than 820 000 hospital admissions. 

We describe the role of medical rescue teams, highlighting the necessity to expand their range of 
competencies at the level of prehospital care. We emphasize the importance of treating the under-
lying cause of CS and direct patient transfer to centers capable of performing percutaneous coronary 
interventions. We present current recommendations of scientific societies on MCS use. We underline 
the role of the Cardiac Shock Team in the management of patients with MI complicated by CS. Such 
teams should comprise an interventional cardiologist, a cardiothoracic surgeon, and an intensive 
care physician. Patients should be transferred to highly specialized CS centers, following the exam-
ple of so-called Cardiac Shock Care Centers described in some other countries. We propose criteria 
for the operation of such centers Other important aspects discussed in the document include the  
role of rehabilitation, multidisciplinary care, and long-term follow-up of treatment outcomes.  
The document was developed in cooperation with experts from different scientific societies in Poland, 
which illustrates the importance of interdisciplinary care in this patient population.
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INTRODUCTION
According to the definition of the European Society of Car-
diology (ESC), cardiogenic shock (CS) is a life-threatening 
condition stemming from primary cardiac dysfunction, 
which results in low cardiac output leading to organ 
hypoperfusion and multiorgan failure [1]. Hemodynami-
cally, CS is characterized by increased left ventricular end- 
-diastolic pressure and wedge pressure, low systolic blood 
pressure despite adequate hydration, and low cardiac 
output. Based on clinical examination, CS patients are 
characterized as “wet and cold”. The use of inotropes and 
vasopressors, mechanical circulatory support (MCS), and/or 
renal replacement therapy in CS patients may lead to an 
increase in systolic blood pressure to ≥90 mm Hg, but this 
does not necessarily result in the resolution of CS. 

In more than 80% of cases, CS is caused by myocardial 
infarction (MI) with left and/or right ventricular failure. In 
an American study assessing approximately 4.3 million 
hospital admissions due to ST-segment elevation myo-
cardial infarction (STEMI) in the years 2000–2017, CS was 
reported in 8.5% of patients [2]. Although CS is more often 
diagnosed in patients with STEMI, it also occurs in about 4% 
of individuals with non-STEMI (NSTEMI) [3] and in patients 
with out-of-hospital cardiac arrest. 

The less common causes of CS include mechanical 
complications of MI: ventricular septal defect (4%), left 
ventricular free wall rupture (2%), or acute mitral regurgi-
tation (7%) [4]. Apart from MI, CS may be also caused by 
acute decompensated heart failure, heart valve disease, 
myocarditis, acute pulmonary embolism, aortic dissection, 
postpartum cardiomyopathy, arrhythmia, or takotsubo 
syndrome [5].

Classification of cardiogenic shock
In clinical practice, CS is diagnosed on the basis of clinical 
criteria such as persistent hypotension unresponsive to flu-
id therapy with concomitant signs of organ hypoperfusion 
such as low urinary output and/or cognitive disturbanc-
es. An additional sign is increased blood lactate level. The 
reference range for serum lactate levels is <2.0 mmol/l. In 

the 9-point CardShock risk score proposed by Harjola et al. 
[6], a serum lactate level of 2.0–4.0 mmol/l scores 1 point, 
while a level of more than 4.0 mmol/l scores 2 points.

In the SHOCK study (Should We Emergently Revascu-
larize Occluded Coronaries for Cardiogenic Shock), the 
hemodynamic criteria for CS diagnosis included the cardiac 
index of ≤2.2 l/min/m2 and pulmonary capillary wedge 
pressure of ≥15 mm Hg [7].

In the most recent guidelines of the Society for Car-
diovascular Angiography and Interventions, the authors 
distinguished 5 stages of CS [8]. The classification is pre-
sented in Table 1.

This expert consensus aimed to provide information on 
the management of patients with MI complicated by CS in 
current clinical practice in Poland and to suggest solutions, 
including systemic ones, for all stages of care. For this con-
sensus, we used the database of the State Medical Rescue 
(Państwowe Ratownictwo Medyczne [PRM]) and the Polish 
PL-ACS Registry of Acute Coronary Syndromes (Ogólno-
polski Rejestr Ostrych Zespołów Wieńcowych). The PL-ACS 
Registry contains data on almost 820 000 hospital admis-
sions (as of the end of 2022). The prevalence rates of CS in 
patients with STEMI and NSTEMI were assessed on the basis 
of PL-ACS Registry data for the years 2004–2019 (Figure 1).

PREHOSPITAL CARE
A prompt diagnosis and emergency medical treatment are 
among the most important steps in CS management. In the 
prehospital setting, these are provided mainly by medical 
rescue teams (MRTs). In Poland, MRTs operate within the 
framework of PRM. To monitor and optimize Polish emer-
gency medical services, a command support system was 
developed, known as SWD PRM (System Wspomagania 
Dowodzenia Państwowego Ratownictwa Medycznego). 
SWD PRM is a central information and communication 
technology system that collects data on the diagnostic, 
medical, and transport activities of all MRTs. This allows 
assessment of the number and quality of emergency med-
ical service activities performed by MRT members [9]. In an 
analysis of SWD PRM data, Nadolny et al. [10] reported that 

Table 1. Classification of CS based on the Society for Cardiovascular Angiography and Interventions guidelines [8]

A A hemodynamically stable patient without signs or symptoms of CS but at risk of its development (i.e., large myocardial infarction, decompensated 
heart failure).
At risk

B A patient with clinical evidence of hemodynamic instability (including hypotension, tachycardia, and hemodynamic abnormalities) without hypo-
perfusion.
Beginning CS

C A patient with clinical signs and symptoms of hypoperfusion who initially requires pharmacological or mechanical support. Hypotension is typically 
present.
Classic CS

D A patient with clinical evidence of shock but worsening or not improving despite escalation of therapy. 
Deteriorating CS

E Circulatory collapse, cardiopulmonary resuscitation, and/or ECMO.
A patient with refractory shock or actual/impending circulatory collapse.
Extremis CS

Abbreviations: CS, cardiogenic shock; ECMO, extracorporeal membrane oxygenation
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systolic blood pressure lower than 90 mm Hg (ie, CS stage 
A-C) was recorded in 10.2% of almost 17 000 emergency 
ambulance calls to patients with STEMI. 

The diagnosis should be established within 10 min-
utes after the first contact of the medical team with the 
patient. Delays in diagnosis are one of the quality-of-care 
indicators and a significant prognostic factor in patients 
with STEMI, including those with CS [11, 12]. The authors 
of the ESC guidelines on the management of patients 
with STEMI recommend that medical teams transfer these 
patients to a center capable of performing percutaneous 
coronary intervention (PCI) and that they bypass non-PCI 
centers (class of recommendation I, level of evidence C) 
[11]. This applies also to the Polish setting. The patient 
transfer should be preceded by a prehospital transmission 
of the electrocardiogram (ECG). In Poland, prehospital ECG 
transmission was performed in 37.5% of STEMI patients 
in 2018 based on SWD PRM data [10]. Although there are 
more than 160 catheterization laboratories that provide 
treatment for MI patients, not all of them are equipped with 
a system that can receive ECG transmissions. The key ele-
ment of prehospital management is the ECG transmission 
and a rapid patient transfer to a reference center. A study 
based on the PL-ACS registry showed that transferring 
STEMI patients directly to a PCI-capable center was asso-
ciated with a reduction in 12-month mortality rates [13].

So far, it has not been determined which cardiac 
centers should receive patients with CS. According to the 
scientific statement of the American Heart Association, CS 
patients may be transported directly to so-called “cardiac 
shock centers” providing the highest level of specialty care. 
Patients with confirmed STEMI can be also transferred to 
PCI-capable hospitals. If hemodynamic instability and CS 
persist, CS teams should be ready to receive such patients 
at their centers [5]. 

In our opinion, efforts should be made to ensure that all 
patients with MI complicated by CS are transferred directly 
to centers providing the highest level of specialty care such 

as the CS centers in the United States. The criteria for the 
operation of such centers in Poland are discussed below. 
Transfer to CS centers should be provided not only to the 
highest-risk CS patients (stages D and E). Patients with CS 
stages A-C also might derive the greatest benefits from 
such an approach because aggressive treatment strategies 
may prevent disease progression. Another argument for 
the direct transport of patients to CS centers is the limited 
availability of fully equipped ambulances that can secure 
the transfer of CS patients between hospitals. Until the 
network of CS centers is developed in Poland, patients 
should be transferred to PCI centers with on-site cardio-
thoracic surgery capabilities. If such a center is not within 
a reachable distance, transfer to the nearest interventional 
cardiology center should be considered. The decision on 
where to transfer the CS patient should be made after 
the MRT transmits the ECG recordings and consults the 
patient with a cardiologist from the center of the highest 
reference level. 

Prehospital care involves the establishment of CS diag-
nosis and the initiation of treatment. Treatment provided 
by the MRT in Poland differs depending on whether it is 
a basic ambulance service (ambulance without an emer-
gency physician on board) or a specialist ambulance service 
(with an emergency physician on board). Inotropes and 
vasopressors are the key players in the pharmacological 
treatment of CS. In the Polish setting, MRTs have access 
to the following medications: epinephrine, norepineph-
rine, dopamine, and dobutamine. In line with the ESC 
guidelines, norepinephrine can be considered in patients 
with hypotension [1]. According to Polish regulations, ep-
inephrine is the only medication that can be administered 
by a paramedic, including a nurse paramedic, without the 
physician’s order. The basic MRT ambulance is equipped 
with an infusion pump [14]. 

The current range of competencies should be changed 
to ensure that the members of basic MRTs can administer 
inotropes and vasopressors that are part of the ambulance 
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Figure 1. Rates of CS in patients with NSTEMI and STEMI; data from the PL-ACS registry for the years 2004–2019
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centers should receive patients with CS. According to the 
scientific statement of the American Heart Association, CS 
patients may be transported directly to so-called “cardiac 
shock centers” providing the highest level of specialty care. 
Patients with confirmed STEMI can be also transferred to 
PCI-capable hospitals. If hemodynamic instability and CS 
persist, CS teams should be ready to receive such patients 
at their centers [5]. 

In our opinion, efforts should be made to ensure that all 
patients with MI complicated by CS are transferred directly 
to centers providing the highest level of specialty care such 

as the CS centers in the United States. The criteria for the 
operation of such centers in Poland are discussed below. 
Transfer to CS centers should be provided not only to the 
highest-risk CS patients (stages D and E). Patients with CS 
stages A-C also might derive the greatest benefits from 
such an approach because aggressive treatment strategies 
may prevent disease progression. Another argument for 
the direct transport of patients to CS centers is the limited 
availability of fully equipped ambulances that can secure 
the transfer of CS patients between hospitals. Until the 
network of CS centers is developed in Poland, patients 
should be transferred to PCI centers with on-site cardio-
thoracic surgery capabilities. If such a center is not within 
a reachable distance, transfer to the nearest interventional 
cardiology center should be considered. The decision on 
where to transfer the CS patient should be made after 
the MRT transmits the ECG recordings and consults the 
patient with a cardiologist from the center of the highest 
reference level. 

Prehospital care involves the establishment of CS diag-
nosis and the initiation of treatment. Treatment provided 
by the MRT in Poland differs depending on whether it is 
a basic ambulance service (ambulance without an emer-
gency physician on board) or a specialist ambulance service 
(with an emergency physician on board). Inotropes and 
vasopressors are the key players in the pharmacological 
treatment of CS. In the Polish setting, MRTs have access 
to the following medications: epinephrine, norepineph-
rine, dopamine, and dobutamine. In line with the ESC 
guidelines, norepinephrine can be considered in patients 
with hypotension [1]. According to Polish regulations, ep-
inephrine is the only medication that can be administered 
by a paramedic, including a nurse paramedic, without the 
physician’s order. The basic MRT ambulance is equipped 
with an infusion pump [14]. 

The current range of competencies should be changed 
to ensure that the members of basic MRTs can administer 
inotropes and vasopressors that are part of the ambulance 
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equipment (e.g. after they consult the case with the physi-
cian from the receiving hospital). Basic MRTs should be also 
authorized to perform a wider range of interventions (e.g., 
endotracheal intubation). According to current regulations, 
a paramedic can perform endotracheal intubation only in 
patients with sudden cardiac arrest [15].

In the prehospital setting, MI patients usually receive 
dual antiplatelet therapy with acetylsalicylic acid and 
P2Y12 inhibitors. However, data on the efficacy and safety 
of P2Y12 inhibitors in the prehospital treatment of STEMI pa-
tients are still limited. In cases where the diagnosis of STEMI 
is uncertain, a P2Y12 inhibitor should not be used until the 
diagnosis is confirmed [11]. The use of ticagrelor and pra-
sugrel is limited to selected patient populations. Therefore, 
the decision on the use of these medications and the choice 
of the other antiplatelet drug should always be discussed 
with the physician from the receiving cardiac center. This is 
another argument for increasing the number of real-time 
ECG transmissions.

Areas for improvement in prehospital care 
• Real-time ECG transmission systems available in all in-

vasive cardiology centers providing care for MI patients. 
• An increase in the number of real-time ECG transmis-

sions, consultations, and direct patient transfers to 
referral centers.

• Establishing rules for patient transfer. Patients with 
MI complicated by CS should be transferred directly 
to centers of the highest reference level, following 
the example of CS centers in the United States. Until 
such centers are created in Poland, patients should be 
transferred to PCI centers with on-site cardiothoracic 
surgery facilities. If such a center is not within a reach-
able distance, a transfer to the nearest interventional 
cardiology center should be considered.

• Authorizing basic MRTs to administer inotropes/va-
sopressors and to perform endotracheal intubation.

IN-HOSPITAL CARE
The in-hospital management of patients with MI compli-
cated by CS is a multistep process that depends mainly on 
the patient’s clinical condition. Early diagnosis and triage 
are the most important management steps in the emer-
gency department. The key element of therapy in the MI 
setting is the treatment of the underlying cause, that is, 
percutaneous coronary revascularization. In CS patients, 
it is important to consider possible mechanical complica-
tions of MI, because they significantly worsen prognosis 
and usually require treatment at highly specialized centers 
with cardiothoracic surgery facilities. All patients with 
MI complicated by CS are treated in intensive care units 
(ICUs). Some patients do not respond to pharmacological 
treatment, which necessitates the use of MCS. This section 
discusses the key elements of in-hospital care.

Emergency room setting
At the emergency department that receives a CS patient, 
prompt diagnostic workup should be done to confirm 
the diagnosis and to triage the patient to an appropriate 
category in terms of the type of management and the level 
of urgency. Patients with MI should undergo 12-lead ECG 
and echocardiography, among other examinations. If MI 
is confirmed as the cause of CS, patients in stages A and 
B should be directly transferred to the catheterization 
laboratory for PCI [16, 17]. Patients with CS stages C or D 
should be stabilized first using vasopressors and mechani-
cal ventilation. However, this should not significantly delay 
reperfusion. Patients in severe condition (CS stage E) should 
be assessed to identify potential benefits of an aggressive 
treatment strategy and to define therapeutic goals [17–20].

Revascularization
The introduction of urgent percutaneous revascularization 
and its increasing availability over the years have signifi-
cantly reduced early mortality rates in patients with MI 
complicated by CS from 70%–80% to 40%–50% [21]. This 
trend was reflected in the ESC guidelines. The ESC guide-
lines on the management of STEMI recommend emergency 
PCI in CS patients unless the anatomy of the infarct-related 
artery (IRA) is unsuitable for the intervention [11]. In Po-
land, the network of catheterization laboratories available 
24 hours 7 days a week makes it possible to quickly perform 
emergency PCI. According to the PL-ACS registry, in recent 
years, almost 90% of patients were treated by PCI, with low 
rates of cardiothoracic surgery procedures (Figures 2 and 3). 

A delay in revascularization is one of the strongest 
predictors of unfavorable prognosis [19, 22, 23]. The FITT-
STEMI trial (Feedback Intervention and Treatment Times in 
ST-Elevation Myocardial Infarction) showed that in patients 
with STEMI complicated by CS, every 10-minute delay in 
providing treatment within 60–180 minutes after the first 
contact with the emergency medical services resulted in an 
additional 3.3 deaths per 100 patients undergoing PCI [23].

While there is no doubt as to the importance of revas-
cularization of the IRA in CS patients, the need for revascu-
larization of other stenosed arteries has been debated for 
many years. It is estimated that even up to 70%–80% of CS 
patients have multivessel coronary artery disease defined 
as coronary stenoses or occlusions in a vessel other than 
the IRA [24]. The 2017 ESC guidelines on the management 
of STEMI recommend PCI of non-IRA lesions during the 
index procedure in CS patients (class of recommendation 
IIa, level of evidence C) [11]. 

However, in 2018, the ESC and the European Associa-
tion of Cardiothoracic Surgery developed new guidelines 
on myocardial revascularization, in which routine treat-
ment of non-culprit lesions is no longer recommended 
during the primary PCI (class of recommendation III, level 
of evidence B) [25]. The change of recommendations was 
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equipment (e.g. after they consult the case with the physi-
cian from the receiving hospital). Basic MRTs should be also 
authorized to perform a wider range of interventions (e.g., 
endotracheal intubation). According to current regulations, 
a paramedic can perform endotracheal intubation only in 
patients with sudden cardiac arrest [15].

In the prehospital setting, MI patients usually receive 
dual antiplatelet therapy with acetylsalicylic acid and 
P2Y12 inhibitors. However, data on the efficacy and safety 
of P2Y12 inhibitors in the prehospital treatment of STEMI pa-
tients are still limited. In cases where the diagnosis of STEMI 
is uncertain, a P2Y12 inhibitor should not be used until the 
diagnosis is confirmed [11]. The use of ticagrelor and pra-
sugrel is limited to selected patient populations. Therefore, 
the decision on the use of these medications and the choice 
of the other antiplatelet drug should always be discussed 
with the physician from the receiving cardiac center. This is 
another argument for increasing the number of real-time 
ECG transmissions.

Areas for improvement in prehospital care 
• Real-time ECG transmission systems available in all in-

vasive cardiology centers providing care for MI patients. 
• An increase in the number of real-time ECG transmis-

sions, consultations, and direct patient transfers to 
referral centers.

• Establishing rules for patient transfer. Patients with 
MI complicated by CS should be transferred directly 
to centers of the highest reference level, following 
the example of CS centers in the United States. Until 
such centers are created in Poland, patients should be 
transferred to PCI centers with on-site cardiothoracic 
surgery facilities. If such a center is not within a reach-
able distance, a transfer to the nearest interventional 
cardiology center should be considered.

• Authorizing basic MRTs to administer inotropes/va-
sopressors and to perform endotracheal intubation.

IN-HOSPITAL CARE
The in-hospital management of patients with MI compli-
cated by CS is a multistep process that depends mainly on 
the patient’s clinical condition. Early diagnosis and triage 
are the most important management steps in the emer-
gency department. The key element of therapy in the MI 
setting is the treatment of the underlying cause, that is, 
percutaneous coronary revascularization. In CS patients, 
it is important to consider possible mechanical complica-
tions of MI, because they significantly worsen prognosis 
and usually require treatment at highly specialized centers 
with cardiothoracic surgery facilities. All patients with 
MI complicated by CS are treated in intensive care units 
(ICUs). Some patients do not respond to pharmacological 
treatment, which necessitates the use of MCS. This section 
discusses the key elements of in-hospital care.

Emergency room setting
At the emergency department that receives a CS patient, 
prompt diagnostic workup should be done to confirm 
the diagnosis and to triage the patient to an appropriate 
category in terms of the type of management and the level 
of urgency. Patients with MI should undergo 12-lead ECG 
and echocardiography, among other examinations. If MI 
is confirmed as the cause of CS, patients in stages A and 
B should be directly transferred to the catheterization 
laboratory for PCI [16, 17]. Patients with CS stages C or D 
should be stabilized first using vasopressors and mechani-
cal ventilation. However, this should not significantly delay 
reperfusion. Patients in severe condition (CS stage E) should 
be assessed to identify potential benefits of an aggressive 
treatment strategy and to define therapeutic goals [17–20].

Revascularization
The introduction of urgent percutaneous revascularization 
and its increasing availability over the years have signifi-
cantly reduced early mortality rates in patients with MI 
complicated by CS from 70%–80% to 40%–50% [21]. This 
trend was reflected in the ESC guidelines. The ESC guide-
lines on the management of STEMI recommend emergency 
PCI in CS patients unless the anatomy of the infarct-related 
artery (IRA) is unsuitable for the intervention [11]. In Po-
land, the network of catheterization laboratories available 
24 hours 7 days a week makes it possible to quickly perform 
emergency PCI. According to the PL-ACS registry, in recent 
years, almost 90% of patients were treated by PCI, with low 
rates of cardiothoracic surgery procedures (Figures 2 and 3). 

A delay in revascularization is one of the strongest 
predictors of unfavorable prognosis [19, 22, 23]. The FITT-
STEMI trial (Feedback Intervention and Treatment Times in 
ST-Elevation Myocardial Infarction) showed that in patients 
with STEMI complicated by CS, every 10-minute delay in 
providing treatment within 60–180 minutes after the first 
contact with the emergency medical services resulted in an 
additional 3.3 deaths per 100 patients undergoing PCI [23].

While there is no doubt as to the importance of revas-
cularization of the IRA in CS patients, the need for revascu-
larization of other stenosed arteries has been debated for 
many years. It is estimated that even up to 70%–80% of CS 
patients have multivessel coronary artery disease defined 
as coronary stenoses or occlusions in a vessel other than 
the IRA [24]. The 2017 ESC guidelines on the management 
of STEMI recommend PCI of non-IRA lesions during the 
index procedure in CS patients (class of recommendation 
IIa, level of evidence C) [11]. 

However, in 2018, the ESC and the European Associa-
tion of Cardiothoracic Surgery developed new guidelines 
on myocardial revascularization, in which routine treat-
ment of non-culprit lesions is no longer recommended 
during the primary PCI (class of recommendation III, level 
of evidence B) [25]. The change of recommendations was 
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guided by the results of the randomized multicenter CUL-
PRIT-SHOCK trial (Culprit Lesion Only PCI vs. Multivessel 
PCI in Cardiogenic Shock). The study showed a significantly 
lower incidence of the composite endpoint (death from 
any cause and/or renal replacement therapy at 30 days) 
in patients who underwent PCI of the culprit lesion only 
(45.9% vs. 55.4%; relative risk [RR], 0.83; 95% confidence 
interval [CI], 0.71–0.96; P = 0.01). This was caused mainly by 
a reduction in the rate of all-cause death (43.3% vs. 51.5%; 
P = 0.03) [26]. At 1-year follow-up, there were no differences 
in mortality rates, and the risk of rehospitalization and re-
peat revascularization was higher in the culprit-lesion-only 
PCI group. The highest mortality rates in CS patients are 
reported in the first 30 days. In the CULPRIT-SHOCK study, 
a relative reduction in the rate of death from any cause was 
16% (RR, 0.84; 95% CI, 0.72–0.98) in the culprit-lesion PCI 
group. Between the 30 day and 1-year follow-up periods, 
the mortality rate was 6.6% and did not differ between 
the groups (RR, 1.08; 95% CI, 0.60–1.93) [26]. Therefore, 
long-term outcomes do not affect the recommendation 
to perform PCI of the IRA in CS patients.

The guidelines of cardiac societies usually recommend 
percutaneous revascularization [11, 25]. Coronary artery 
bypass grafting (CABG) is recommended mainly in patients 
in whom PCI failed or was not feasible because of unsuita-
ble coronary anatomy. The rates of CABG in CS patients in 
randomized trials are usually below 5% [21, 27], which is 
in line with the rates of surgical revascularization reported 
in the PL-ACS registry (Figure 3).

Fibrinolysis
Thanks to the network of catheterization laboratories in 
Poland, fibrinolysis is used extremely rarely. The ESC guide-
lines recommend that CS patients undergo immediate 
PCI (class of recommendation I, level of evidence B), and 
fibrinolysis should be considered if primary PCI cannot be 
performed within 120 minutes from STEMI diagnosis and 
mechanical complications have been excluded (class of 
recommendation IIa, level of evidence C). Rescue PCI is 
indicated immediately in the case of failed fibrinolysis or if 
patients present with hemodynamic or electrical instability 
or worsening ischemia (class of recommendation I, level 
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Figure 3. Rates of CABG in patients with MI complicated by CS ; data from the PL-ACS registry for the years 2003–2020
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guided by the results of the randomized multicenter CUL-
PRIT-SHOCK trial (Culprit Lesion Only PCI vs. Multivessel 
PCI in Cardiogenic Shock). The study showed a significantly 
lower incidence of the composite endpoint (death from 
any cause and/or renal replacement therapy at 30 days) 
in patients who underwent PCI of the culprit lesion only 
(45.9% vs. 55.4%; relative risk [RR], 0.83; 95% confidence 
interval [CI], 0.71–0.96; P = 0.01). This was caused mainly by 
a reduction in the rate of all-cause death (43.3% vs. 51.5%; 
P = 0.03) [26]. At 1-year follow-up, there were no differences 
in mortality rates, and the risk of rehospitalization and re-
peat revascularization was higher in the culprit-lesion-only 
PCI group. The highest mortality rates in CS patients are 
reported in the first 30 days. In the CULPRIT-SHOCK study, 
a relative reduction in the rate of death from any cause was 
16% (RR, 0.84; 95% CI, 0.72–0.98) in the culprit-lesion PCI 
group. Between the 30 day and 1-year follow-up periods, 
the mortality rate was 6.6% and did not differ between 
the groups (RR, 1.08; 95% CI, 0.60–1.93) [26]. Therefore, 
long-term outcomes do not affect the recommendation 
to perform PCI of the IRA in CS patients.

The guidelines of cardiac societies usually recommend 
percutaneous revascularization [11, 25]. Coronary artery 
bypass grafting (CABG) is recommended mainly in patients 
in whom PCI failed or was not feasible because of unsuita-
ble coronary anatomy. The rates of CABG in CS patients in 
randomized trials are usually below 5% [21, 27], which is 
in line with the rates of surgical revascularization reported 
in the PL-ACS registry (Figure 3).

Fibrinolysis
Thanks to the network of catheterization laboratories in 
Poland, fibrinolysis is used extremely rarely. The ESC guide-
lines recommend that CS patients undergo immediate 
PCI (class of recommendation I, level of evidence B), and 
fibrinolysis should be considered if primary PCI cannot be 
performed within 120 minutes from STEMI diagnosis and 
mechanical complications have been excluded (class of 
recommendation IIa, level of evidence C). Rescue PCI is 
indicated immediately in the case of failed fibrinolysis or if 
patients present with hemodynamic or electrical instability 
or worsening ischemia (class of recommendation I, level 
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of evidence A) [11]. In CS patients, the greatest benefits 
of fibrinolysis are observed within the first 2 hours from 
the onset of MI. After 3 hours from MI, these benefits are 
significantly reduced [28]. 

Mechanical complications of MI
In some patients, CS is caused by mechanical complica-
tions of MI that often require cardiac surgery. The reported 
rates of papillary muscle rupture, ventricular septal defect, 
and free wall rupture in STEMI patients are 0.05%–0.26%, 
0.17%–0.21%, and 0.01%–0.52%, respectively [29, 30]. 
Conservative treatment of these complications is associ-
ated with poor prognosis. The guidelines of the American 
College of Cardiology Foundation/American Heart Asso-
ciation, and the ESC recommend early cardiac surgery in 
patients with hemodynamic instability. Mortality rates in 
these patients range from 20% to 87% and depend on the 
type of the complication [1, 31]. Owing to a limited number 
of studies on percutaneous interventions for ventricular 
septal defect and papillary muscle rupture, a decision on 
the treatment strategy should be made by the Heart Team 
or the CS team [32–34] and should be guided primarily by 
the center’s experience. 

Intensive care 
The key factors that determine successful outcomes are ad-
equate volume expansion, appropriate ventilation strategy, 
and prevention of bleeding complications and multiorgan 
failure. CS patients require hemodynamic monitoring at the 
ICU. Invasive hemodynamic monitoring with a Swan-Ganz 
catheter is helpful in CS patients and is indispensable in 
those with concomitant pulmonary edema [35]. Despite 
advances in technology, the use of noninvasive hemo-
dynamic monitoring is still insufficient. In ICU patients, 
hourly diuresis should be assessed and ultrafiltration can 
be considered to reduce volume overload. In some centers, 
ultrafiltration seems to be underused or is started too late 
during treatment.

Pharmacological treatment in CS patients aims to im-
prove perfusion of the key organs by increasing the cardiac 
output and arterial blood pressure. It is estimated that 
almost 90% of CS patients are administered inotropes and 
vasopressors [27]. These agents increase oxygen demand 
and cause vasoconstriction, which may impair microcircula-
tion and increase cardiac afterload. Therefore, they should 
be used at the lowest possible doses and for the shortest 
possible time. Inotropes are used to increase cardiac output 
and blood pressure, improve peripheral perfusion, and 
help maintain the function of individual organs [36]. They 
can be considered in patients with systolic blood pressure 
lower than 90 mm Hg, with signs of hypoperfusion, who 
do not respond to standard treatment including fluid 
therapy (class of recommendation IIb, level of evidence 
C). Typically, dobutamine is used. In patients on chronic 
beta-blocker treatment, levosimendan can be considered 
because its inotropic action is independent of beta-adren-

ergic stimulation. In STEMI patients, phosphodiesterase III 
inhibitors are not recommended. In patients with acute 
left ventricular failure and hypoperfusion, norepinephrine 
is favored over dopamine (class of recommendation IIb, 
level of evidence B) [11]. 

In a randomized trial, De Backer et al. [37] compared do-
pamine with norepinephrine in a relatively small group of 
CS patients. Patients in the dopamine group showed higher 
rates of arrhythmia and no significant reduction in mortality 
[37]. Comparative studies with catecholamine in patients 
with MI complicated by CS are lacking [36, 38]. In a recent 
randomized study in patients with MI complicated by CS, no 
significant difference was noted between epinephrine and 
norepinephrine in terms of the effect on arterial pressure 
and cardiac index. However, patients receiving epinephrine 
showed a higher incidence of refractory CS (37% vs. 7%; 
P = 0.008), which led to premature termination of the study 
[36]. Mortality rates increase exponentially with an increase 
in catecholamines [39]. Instead of escalating inotrope dos-
es, MCS should be considered. 

Mechanical circulatory support
Over the past decade, early revascularization has become 
increasingly available, stent technology has vastly im-
proved, and antiplatelet drugs have become even more 
effective. Despite this, no reduction in mortality in patients 
with MI and CS has been reported in Poland (Figure 4). 
According to the PL-ACS registry data for the past 15 years, 
patients are becoming increasingly older and more often 
have a history of MI, PCI, stroke, diabetes, peripheral vas-
cular disease, and out-of-hospital cardiac arrest (Figure 5).

To improve prognosis, there have been increasing 
efforts to determine the role of MCS in this population 
of patients [40]. MCS is recommended in patients who 
cannot be stabilized with pharmacological treatment. 
Most often, it is used to unload the ventricle and improve 
organ perfusion. Data from randomized clinical trials on 
the efficacy and safety of different types of MCS are lack-
ing. Moreover, there is generally no consensus as to when 
to refer the patient for MCS. According to the guidelines, 
the treatment starts with the use of catecholamines. In 
our opinion, it is necessary to apply a standard protocol 
for determining MCS eligibility. The Swan-Ganz catheter 
should be considered in all patients receiving MCS. The 
fulfillment of the criteria should be an indication for MCS, 
irrespective of the time since starting the pharmacolog-
ical treatment. It is important that the same protocol is 
used across all centers. Previous experience shows that 
novel treatment methods are initiated too late, especially 
if there is limited access to these methods and there is 
only a small group of clinicians with sufficient training 
and expertise. 

Intra-aortic balloon counterpulsation
Intra-aortic balloon pump (IABP) is the most well-estab-
lished method of MCS. Over the years, cardiac societies 
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of evidence A) [11]. In CS patients, the greatest benefits 
of fibrinolysis are observed within the first 2 hours from 
the onset of MI. After 3 hours from MI, these benefits are 
significantly reduced [28]. 

Mechanical complications of MI
In some patients, CS is caused by mechanical complica-
tions of MI that often require cardiac surgery. The reported 
rates of papillary muscle rupture, ventricular septal defect, 
and free wall rupture in STEMI patients are 0.05%–0.26%, 
0.17%–0.21%, and 0.01%–0.52%, respectively [29, 30]. 
Conservative treatment of these complications is associ-
ated with poor prognosis. The guidelines of the American 
College of Cardiology Foundation/American Heart Asso-
ciation, and the ESC recommend early cardiac surgery in 
patients with hemodynamic instability. Mortality rates in 
these patients range from 20% to 87% and depend on the 
type of the complication [1, 31]. Owing to a limited number 
of studies on percutaneous interventions for ventricular 
septal defect and papillary muscle rupture, a decision on 
the treatment strategy should be made by the Heart Team 
or the CS team [32–34] and should be guided primarily by 
the center’s experience. 

Intensive care 
The key factors that determine successful outcomes are ad-
equate volume expansion, appropriate ventilation strategy, 
and prevention of bleeding complications and multiorgan 
failure. CS patients require hemodynamic monitoring at the 
ICU. Invasive hemodynamic monitoring with a Swan-Ganz 
catheter is helpful in CS patients and is indispensable in 
those with concomitant pulmonary edema [35]. Despite 
advances in technology, the use of noninvasive hemo-
dynamic monitoring is still insufficient. In ICU patients, 
hourly diuresis should be assessed and ultrafiltration can 
be considered to reduce volume overload. In some centers, 
ultrafiltration seems to be underused or is started too late 
during treatment.

Pharmacological treatment in CS patients aims to im-
prove perfusion of the key organs by increasing the cardiac 
output and arterial blood pressure. It is estimated that 
almost 90% of CS patients are administered inotropes and 
vasopressors [27]. These agents increase oxygen demand 
and cause vasoconstriction, which may impair microcircula-
tion and increase cardiac afterload. Therefore, they should 
be used at the lowest possible doses and for the shortest 
possible time. Inotropes are used to increase cardiac output 
and blood pressure, improve peripheral perfusion, and 
help maintain the function of individual organs [36]. They 
can be considered in patients with systolic blood pressure 
lower than 90 mm Hg, with signs of hypoperfusion, who 
do not respond to standard treatment including fluid 
therapy (class of recommendation IIb, level of evidence 
C). Typically, dobutamine is used. In patients on chronic 
beta-blocker treatment, levosimendan can be considered 
because its inotropic action is independent of beta-adren-

ergic stimulation. In STEMI patients, phosphodiesterase III 
inhibitors are not recommended. In patients with acute 
left ventricular failure and hypoperfusion, norepinephrine 
is favored over dopamine (class of recommendation IIb, 
level of evidence B) [11]. 

In a randomized trial, De Backer et al. [37] compared do-
pamine with norepinephrine in a relatively small group of 
CS patients. Patients in the dopamine group showed higher 
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Mechanical circulatory support
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proved, and antiplatelet drugs have become even more 
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with MI and CS has been reported in Poland (Figure 4). 
According to the PL-ACS registry data for the past 15 years, 
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cannot be stabilized with pharmacological treatment. 
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the efficacy and safety of different types of MCS are lack-
ing. Moreover, there is generally no consensus as to when 
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fulfillment of the criteria should be an indication for MCS, 
irrespective of the time since starting the pharmacolog-
ical treatment. It is important that the same protocol is 
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novel treatment methods are initiated too late, especially 
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Intra-aortic balloon counterpulsation
Intra-aortic balloon pump (IABP) is the most well-estab-
lished method of MCS. Over the years, cardiac societies 
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Figure 5. Characteristics of patients with MI complicated by CS; data from the PL-ACS registry for the years 2003-2020 A. Mean age. B. Rates 
of previous MI. C. Rates of previous PCI. D. Rates of previous stroke. E. Rates of diabetes. F. Rates of IABP use
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have changed their recommendations on IABP use, which 
affected the popularity of the device in clinical practice. 
IABP is the most accessible and frequently used MCS de-
vice in patients with MI complicated by CS (Figure 5F). In 
2012, the results of the IABP-SHOCK II study (Intra-Aortic 
Balloon Pump in Cardiogenic SHOCK II) were published, 
reporting no significant differences in 30-day all-cause 
mortality between patients assigned to IABP vs. no IABP 
(41.3% vs. 39.7%; P = 0.69) [27]. The 6-year follow-up of the 
IABP-SHOCK II study showed that IABP had no effect on 
long-term outcomes in patients with MI complicated by CS 
No differences in mortality, recurrent MI, repeat revascula-
rization or rehospitalization rates were shown between the 
IABP group and controls [41]. This led to an update of the 
2017 ESC recommendations on the use of IABP in STEMI 
patients complicated by CS. According to the guidelines, 
IABP should be considered in patients with mechanical 
complications of MI: severe mitral regurgitation and ven-
tricular septal rupture (class of recommendation IIa, level 
of evidence C) [11]. Recommendations on IABP use based 
on the most recent ESC guidelines on the management 
of heart failure, STEMI, and myocardial revascularization 
are presented in Table 2. Considering limited access to 
advanced MCS techniques, it seems justified to identify CS 
patients other than those with mechanical complications 
who also might benefit from IABP. 

Impella, Impella RP
Following the results of the IABP-SHOCK II study and the 
changes in recommendations, the frequency of using IABP 
support has dropped significantly, both in Europe and in 
the United States [42]. At the same time, the popularity of 
other MCS devices has increased. This includes the Impella 
device (Abiomed, Danvers, MA, US), which is a micro axial 
flow pump that pulls blood from the left ventricle to 
the aorta.

The following Impella devices are currently available: 
Impella CP, Impella 5.0, and WK Impella 5.5. The last of these 
pumps is equipped with intelligent technology and can be 
also used in CS patients. Impella CP has been designed for 
use via the percutaneous femoral artery approach, while 
Impella 5.0 and 5.5 require a surgical approach. Impella CP, 
which was designed specifically for CS patients, comes with 
the SmartAssist heart pump, which allows for sustained 
peak flows of up to 4.3 l/min, repositioning without imag-
ing, and hemodynamic monitoring.

The large diameter of Impella devices and the need 
for intensive anticoagulation regimens compromise the 
benefits conferred by the high level of circulatory support. 
Mechanical support with Impella pumps is associated with 
increased risk of vascular complications and major bleeding, 
which constitutes the main limitation of MCS [43]. Moreover, 
the IABP-SHOCK II subanalysis showed that some CS pa-
tients survive without the need for support (50%–60%) [41]. 

The remaining CS patients (40%–50%) constitute the 
most challenging population. These are both patients with 
severe CS, who cannot be rescued irrespective of the type 
of MCS, and patients in whom MCS can improve chances of 
survival. The identification of eligible patients who can gain 
the most benefit from MCS at minimal risk of complications 
remains challenging. 

In addition to patient identification, it is important to 
develop management algorithms that would cover the 
whole spectrum of care. Currently, there are no data that 
could serve as the basis for developing precise recommen-
dations on MCS use in patients with CS. According to the 
2018 ESC guidelines on myocardial revascularization, MCS 
may be considered in selected patients with CS caused 
by acute coronary syndromes, depending on patient age, 
comorbidities, neurological function, and prospects for 
long-term prognosis and quality of life (class of recommen-
dation IIb, level of evidence C) [25]. 

In line with the 2021 expert consensus of the European 
Association of Percutaneous Coronary Interventions/Asso-
ciation of Acute Cardiovascular Care (EAPCI/ACVC), micro-
axial flow pumps (including Impella) may be considered 
short-term therapy in CS stages C or D, in patients with 
a potentially reversible cause of CS, or in candidates for 
long-term left ventricular assist device support or heart 
transplant [44]. 

In clinical practice, microaxial flow pumps, such as 
Impella, may be considered in patients with CS caused 
mainly by acute left ventricular failure, who do not present 
with hypoxia and acute right ventricular failure. Caution is 
advised in patients with inferior wall and right ventricular 
MI complicated by CS. 

Recently, the Impella RP device has been introduced 
to clinical practice. Impella RP is inserted via the femoral 
artery approach. It pumps blood directly from the inferior 
vena cava to the pulmonary artery. In line with current 
knowledge, Impella RP can be used in patients with right 
heart failure complicated by CS. 

Table 2. Recommendations on the use of the intra-aortic balloon pump in patients with cardiogenic shock based on the ESC guidelines  
on the management of heart failure, ST-segment elevation myocardial infarction, and revascularization 

ESC guidelines Recommendations Class of 
recommendations

Level of 
evidence

Heart failure 2021 [1] Routine use of IABP is not recommended in CS patients III B

STEMI 2017 [11] Routine use of IABP is not recommended. III B

Myocardial revascularization 
2018 [25]

Routine use of IABP is not recommended in patients  
with ACS complicated by CS

III B

Abbreviations: ACS, acute coronary syndrome; IABP, intra-aortic balloon pump; STEMI, ST-segment elevation myocardial infarction; other — see Table 1

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a 1319

Przemysław Trzeciak et al., Management of myocardial infarction complicated by cardiogenic shock

have changed their recommendations on IABP use, which 
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IABP is the most accessible and frequently used MCS de-
vice in patients with MI complicated by CS (Figure 5F). In 
2012, the results of the IABP-SHOCK II study (Intra-Aortic 
Balloon Pump in Cardiogenic SHOCK II) were published, 
reporting no significant differences in 30-day all-cause 
mortality between patients assigned to IABP vs. no IABP 
(41.3% vs. 39.7%; P = 0.69) [27]. The 6-year follow-up of the 
IABP-SHOCK II study showed that IABP had no effect on 
long-term outcomes in patients with MI complicated by CS 
No differences in mortality, recurrent MI, repeat revascula-
rization or rehospitalization rates were shown between the 
IABP group and controls [41]. This led to an update of the 
2017 ESC recommendations on the use of IABP in STEMI 
patients complicated by CS. According to the guidelines, 
IABP should be considered in patients with mechanical 
complications of MI: severe mitral regurgitation and ven-
tricular septal rupture (class of recommendation IIa, level 
of evidence C) [11]. Recommendations on IABP use based 
on the most recent ESC guidelines on the management 
of heart failure, STEMI, and myocardial revascularization 
are presented in Table 2. Considering limited access to 
advanced MCS techniques, it seems justified to identify CS 
patients other than those with mechanical complications 
who also might benefit from IABP. 

Impella, Impella RP
Following the results of the IABP-SHOCK II study and the 
changes in recommendations, the frequency of using IABP 
support has dropped significantly, both in Europe and in 
the United States [42]. At the same time, the popularity of 
other MCS devices has increased. This includes the Impella 
device (Abiomed, Danvers, MA, US), which is a micro axial 
flow pump that pulls blood from the left ventricle to 
the aorta.

The following Impella devices are currently available: 
Impella CP, Impella 5.0, and WK Impella 5.5. The last of these 
pumps is equipped with intelligent technology and can be 
also used in CS patients. Impella CP has been designed for 
use via the percutaneous femoral artery approach, while 
Impella 5.0 and 5.5 require a surgical approach. Impella CP, 
which was designed specifically for CS patients, comes with 
the SmartAssist heart pump, which allows for sustained 
peak flows of up to 4.3 l/min, repositioning without imag-
ing, and hemodynamic monitoring.

The large diameter of Impella devices and the need 
for intensive anticoagulation regimens compromise the 
benefits conferred by the high level of circulatory support. 
Mechanical support with Impella pumps is associated with 
increased risk of vascular complications and major bleeding, 
which constitutes the main limitation of MCS [43]. Moreover, 
the IABP-SHOCK II subanalysis showed that some CS pa-
tients survive without the need for support (50%–60%) [41]. 

The remaining CS patients (40%–50%) constitute the 
most challenging population. These are both patients with 
severe CS, who cannot be rescued irrespective of the type 
of MCS, and patients in whom MCS can improve chances of 
survival. The identification of eligible patients who can gain 
the most benefit from MCS at minimal risk of complications 
remains challenging. 

In addition to patient identification, it is important to 
develop management algorithms that would cover the 
whole spectrum of care. Currently, there are no data that 
could serve as the basis for developing precise recommen-
dations on MCS use in patients with CS. According to the 
2018 ESC guidelines on myocardial revascularization, MCS 
may be considered in selected patients with CS caused 
by acute coronary syndromes, depending on patient age, 
comorbidities, neurological function, and prospects for 
long-term prognosis and quality of life (class of recommen-
dation IIb, level of evidence C) [25]. 

In line with the 2021 expert consensus of the European 
Association of Percutaneous Coronary Interventions/Asso-
ciation of Acute Cardiovascular Care (EAPCI/ACVC), micro-
axial flow pumps (including Impella) may be considered 
short-term therapy in CS stages C or D, in patients with 
a potentially reversible cause of CS, or in candidates for 
long-term left ventricular assist device support or heart 
transplant [44]. 

In clinical practice, microaxial flow pumps, such as 
Impella, may be considered in patients with CS caused 
mainly by acute left ventricular failure, who do not present 
with hypoxia and acute right ventricular failure. Caution is 
advised in patients with inferior wall and right ventricular 
MI complicated by CS. 

Recently, the Impella RP device has been introduced 
to clinical practice. Impella RP is inserted via the femoral 
artery approach. It pumps blood directly from the inferior 
vena cava to the pulmonary artery. In line with current 
knowledge, Impella RP can be used in patients with right 
heart failure complicated by CS. 

Table 2. Recommendations on the use of the intra-aortic balloon pump in patients with cardiogenic shock based on the ESC guidelines  
on the management of heart failure, ST-segment elevation myocardial infarction, and revascularization 

ESC guidelines Recommendations Class of 
recommendations

Level of 
evidence

Heart failure 2021 [1] Routine use of IABP is not recommended in CS patients III B

STEMI 2017 [11] Routine use of IABP is not recommended. III B

Myocardial revascularization 
2018 [25]

Routine use of IABP is not recommended in patients  
with ACS complicated by CS

III B

Abbreviations: ACS, acute coronary syndrome; IABP, intra-aortic balloon pump; STEMI, ST-segment elevation myocardial infarction; other — see Table 1
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In selected patients with biventricular heart failure 
who do not require extracorporeal membrane oxygena-
tion (ECMO), the use of simultaneous biventricular MCS 
support (Bipella) can be considered. However, data from 
clinical research are lacking [44]. In the Polish setting, 
the use of Impella devices is limited by high cost. The 
procedure is usually available only in selected university 
medical centers. There are no uniform recommendations 
that guide the selection of patients who should be treated 
with Impella pumps.

Veno-arterial extracorporeal  
membrane oxygenation
ECMO is a form of life support in which blood is pumped 
and oxygenated outside the body. It offers the highest level 
of mechanical support, accommodating a blood flow of 
up to 7 l/min. Moreover, by providing blood oxygenation, 
ECMO can be used in patients with cardiac and respiratory 
failure. Following the guideline update that led to the re-
duced IABP use, there was an increase in the use of ECMO 
in the CS setting. However, evidence from randomized cli-
nical trials on the use of ECMO in CS patients is limited [45]. 
A meta-analysis of prospective and retrospective studies 
by Ouweneel et al. [46] demonstrated a 13% increase in 30-
day survival in patients assigned to the veno-arterial ECMO 
(VA- ECMO) group. In the propensity-matched analysis, 
VA-ECMO showed a 33% higher survival rate compared 
with IABP (219 patients in each group) [46]. On the other 
hand, registry studies showed no significant improvement 
in survival despite the higher frequency of use [44]. 

In the ESC guidelines, recommendations for ECMO 
are similar to those for microaxial flow pumps (class of 
recommendation IIb, level of evidence C). There are no 
specific recommendations for the use of VA-ECMO. In 
clinical practice, VA-ECMO can be considered in patients 
after successful resuscitation, particularly in the presence 
of respiratory failure and/or right heart failure. 

According to the EAPCI/ACVC consensus, VA-ECMO can 
be considered in patients with severe hemodynamic ab-
normalities, especially if they present with left heart failure 
and/or respiratory failure in the course of CS (stages C, D, 
or E). This applies particularly to patients with a reversible 
underlying cause of CS or to candidates for long-term left 
ventricular assist device support or heart transplant [44]. 
Thus, ECMO is not a therapeutic option that can be used in 
all patients with CS. In the Polish setting, the use of ECMO 
is additionally limited by the insufficient availability and 
lack of uniform recommendations for the identification of 
eligible CS patients.

The ECLS-SHOCK study in 217 patients with MI and CS, 
which was presented at the 2023 ESC Congress, failed to 
show that VA-ECMO improves 30-day outcomes. At 30 days, 
death from any cause occurred in 47.8% of patients in the 
VA-ECMO group and 49.0% of patients in the control group 
(RR, 0.98; 95% CI, 0.80–1.19; P = 0.81) [47]. Therefore, it can-

not be ruled out that the reported outcomes will influence 
future recommendations on the use of VA-ECMO support.

Cardiac Shock Team and Cardiac Shock  
Care Centers
Considering high mortality rates, CS patients should be 
managed at centers providing the highest level of specialty 
care [5, 48–51]. It is increasingly suggested that CS patients 
should be treated by a multidisciplinary team referred to 
in the literature as the “cardiac shock team”. The CS team 
should comprise an invasive cardiologist, an intensive 
care physician, a cardiac surgeon, and an advanced heart 
failure expert [47, 52–54]. A few studies reported that the 
management of CS patients by the CS team was associated 
with a reduction in 30-day mortality [52, 55].

Recent literature describes the benefits of creating 
CS centers, that is, referral centers dedicated to CS pa-
tients. A classification of centers providing CS treatment 
into Level I, II, and III centers has been proposed. Level III 
centers are local hospitals without a catheterization labo-
ratory. These are hospitals to which patients are usually 
transported in the first place. In most cases, the CS patient 
should be promptly transferred from a non-PCI center to 
a center with a higher level of specialty care. Level II centers 
are PCI centers without advanced MCS capabilities. Finally, 
level I centers are CS centers with a catheterization labora-
tory and advanced MCS available 24 hours 7 days a week, 
and with on-site cardiothoracic surgery facilities. They can 
receive patients with cardiac arrest. The catheterization 
laboratory and CS teams are immediately alerted if a patient 
with CS has been admitted to the hospital or if their admis-
sion is planned. A prompt multidisciplinary consultation 
aims to facilitate decision-making on treatment, including 
MCS [46, 48, 49]. 

Currently, in Poland, most patients with MI complicated 
by CS are admitted to the nearest center with a catheteri-
zation laboratory available 24 hours 7 days a week. These 
are often centers with a limited availability of specialist 
personnel, especially during night duty. Moreover, these 
centers usually provide only IABP support. In our opinion, 
all patients with MI complicated by CS should be trans-
ported to the most highly specialized centers (CS centers) 
directly from the field, provided that the duration of trans-
port does not result in a significant delay in the treatment 
of the underlying cause of CS. Until the network of CS 
centers is developed in Poland, patients should be treated 
at PCI-capable centers with on-site cardiothoracic surgery 
facilities. Such an approach to management increases the 
possibility of providing MCS and surgical treatment of the 
mechanical complications of MI. If such a center is not 
within a reachable distance and the transfer might delay 
treatment, transporting the patient to the nearest PCI-ca-
pable center should be considered. 

Efforts should be made to set up CS centers capable of 
performing the whole range of interventional cardiology 
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membrane oxygenation
ECMO is a form of life support in which blood is pumped 
and oxygenated outside the body. It offers the highest level 
of mechanical support, accommodating a blood flow of 
up to 7 l/min. Moreover, by providing blood oxygenation, 
ECMO can be used in patients with cardiac and respiratory 
failure. Following the guideline update that led to the re-
duced IABP use, there was an increase in the use of ECMO 
in the CS setting. However, evidence from randomized cli-
nical trials on the use of ECMO in CS patients is limited [45]. 
A meta-analysis of prospective and retrospective studies 
by Ouweneel et al. [46] demonstrated a 13% increase in 30-
day survival in patients assigned to the veno-arterial ECMO 
(VA- ECMO) group. In the propensity-matched analysis, 
VA-ECMO showed a 33% higher survival rate compared 
with IABP (219 patients in each group) [46]. On the other 
hand, registry studies showed no significant improvement 
in survival despite the higher frequency of use [44]. 

In the ESC guidelines, recommendations for ECMO 
are similar to those for microaxial flow pumps (class of 
recommendation IIb, level of evidence C). There are no 
specific recommendations for the use of VA-ECMO. In 
clinical practice, VA-ECMO can be considered in patients 
after successful resuscitation, particularly in the presence 
of respiratory failure and/or right heart failure. 

According to the EAPCI/ACVC consensus, VA-ECMO can 
be considered in patients with severe hemodynamic ab-
normalities, especially if they present with left heart failure 
and/or respiratory failure in the course of CS (stages C, D, 
or E). This applies particularly to patients with a reversible 
underlying cause of CS or to candidates for long-term left 
ventricular assist device support or heart transplant [44]. 
Thus, ECMO is not a therapeutic option that can be used in 
all patients with CS. In the Polish setting, the use of ECMO 
is additionally limited by the insufficient availability and 
lack of uniform recommendations for the identification of 
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not be ruled out that the reported outcomes will influence 
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managed at centers providing the highest level of specialty 
care [5, 48–51]. It is increasingly suggested that CS patients 
should be treated by a multidisciplinary team referred to 
in the literature as the “cardiac shock team”. The CS team 
should comprise an invasive cardiologist, an intensive 
care physician, a cardiac surgeon, and an advanced heart 
failure expert [47, 52–54]. A few studies reported that the 
management of CS patients by the CS team was associated 
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into Level I, II, and III centers has been proposed. Level III 
centers are local hospitals without a catheterization labo-
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and with on-site cardiothoracic surgery facilities. They can 
receive patients with cardiac arrest. The catheterization 
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with CS has been admitted to the hospital or if their admis-
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aims to facilitate decision-making on treatment, including 
MCS [46, 48, 49]. 

Currently, in Poland, most patients with MI complicated 
by CS are admitted to the nearest center with a catheteri-
zation laboratory available 24 hours 7 days a week. These 
are often centers with a limited availability of specialist 
personnel, especially during night duty. Moreover, these 
centers usually provide only IABP support. In our opinion, 
all patients with MI complicated by CS should be trans-
ported to the most highly specialized centers (CS centers) 
directly from the field, provided that the duration of trans-
port does not result in a significant delay in the treatment 
of the underlying cause of CS. Until the network of CS 
centers is developed in Poland, patients should be treated 
at PCI-capable centers with on-site cardiothoracic surgery 
facilities. Such an approach to management increases the 
possibility of providing MCS and surgical treatment of the 
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within a reachable distance and the transfer might delay 
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and cardiac surgery procedures and 
with sufficient capacity to accom-
modate a large number of patients 
each year. Except for a catheterization 
laboratory and a highly specialized 
cardiology unit, these centers should 
also have cardiothoracic surgery 
and intensive care units as well as 
imaging facilities, including a com-
puted tomography laboratory. This is 
particularly important for CS patients 
after out-of-hospital cardiac arrest. It 
is important that CS centers have ac-
cess to MCS techniques described in 
this consensus and that patients are 
managed by CS teams comprising 
a cardiologist, an interventional car-
diologist, an intensive care physician, 
a cardiothoracic surgeon, and a nurse 
with specialization in anesthesiology 
and intensive care. To ensure a quick 
patient transfer, helicopter landing 
areas should be constructed on the 
property of the hospital or within 
a short distance from the hospital. 
In Poland, helipads are available 
only in a few multispecialty hospi-
tals and university centers. It seems 
that in the Polish setting, a single CS 
center should serve a population 
of 1–1.5 million inhabitants, after 
considering geographic and demo-
graphic factors. The development 
of a national treatment program for 
patients with MI complicated by CS 
and a network of CS centers should 
become a priority for the cardiac 
community in Poland.

The proposed algorithm for the 
management of patients with MI 
complicated by CS including prehos-
pital and hospital care, is presented in 
Figure 6 (central illustration). 

Areas for improvement in the 
hospital setting
• A system for the in-hospital man-

agement of CS patients should 
be developed. The first step is 
to determine how many such 
centers are needed and to define the criteria for their 
operation. This applies to centers of all referral levels. 

• All patients with MI complicated by CS should be man-
aged by a multidisciplinary CS team. 

• Patients should be treated at CS centers, that is, centers 
providing the highest level of specialty care and a full 

range of diagnostic and treatment procedures. Until CS 
centers are developed, patients should be preferably 
transferred to PCI-capable centers with on-site cardio-
thoracic surgery facilities.

• Considering limited access to advanced MCS, it is im-
portant to identify CS patients who might benefit from 
this type of support. At the same time, efforts should 

Figure 6. Algorithm for the management of patients with MI complicated by CS (central il-
lustration)
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be made to consistently increase the availability of MCS 
and to extend indications for their use in line with the 
recommendations of scientific societies. Education on 
the use of MCS is also important.

• Research on the benefits of various MCS techniques 
in CS patients should be conducted at centers of the 
highest reference level.

CARE AFTER HOSPITAL DISCHARGE
For a long time, the role of care after hospital discharge 
for improving outcomes in patients with MI complicated 
by CS has been underestimated. This refers particularly to 
cardiac rehabilitation. Data on the number of CS patients 
participating in a cardiac rehabilitation program after 
hospital discharge are lacking. A few years ago, a program 
for comprehensive care after MI (Kompleksowa Opieki nad 
Chorym po Zawale Serca [KOS Zawał]), was introduced in 
Poland. It not only provided access to rehabilitation but also 
to regular cardiac monitoring. However, it was estimated 
that fewer than 20% of patients with MI participate in the 
program, and there are no data on CS rates in this popu-
lation. A rehabilitation program and multispecialty care 
should be provided to all patients after MI.

There are also no data on the long-term outcomes 
of patients with MI complicated by CS. To improve the 
effectiveness and quality of treatment, it is necessary to 
monitor the incidence of cardiovascular adverse events in 
long-term follow-up. 

Areas for improvement in patient care after 
hospital discharge 
• Patients with MI complicated by CS should be included 

in a rehabilitation program and multispecialty care.
• Long-term outcomes should be assessed, for exam-

ple, by monitoring the rates of cardiovascular ad-
verse events.

CONCLUSION
Despite significant advances in intensive care and an 
increase in the number of catheterization laboratories, 
MI complicated by CS is still associated with high mortal-
ity rates. Although novel MCS devices offer considerable 
promise, randomized clinical trials are needed to confirm 
their efficacy. The limited availability of highly specialized 
centers with access to advanced MCS techniques as well as 
the high cost of the MCS technology constitute additional 
barriers to the widespread use of MCS. 

This consensus presents a number of organizational 
solutions for all stages of CS management. Several sug-
gestions, such as establishing CS centers, require imple-
mentation of systemic solutions. To achieve these goals, 
an expert panel comprising specialists in CS treatment and 
policymakers should be convened.
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