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Implantable cardioverter defibrillator (ICD) is 

an effective therapy in patients with a primary 

and secondary indication for sudden cardiac 

arrest (SCA) prevention according to landmark 

clinical trials [1, 2]. Unfortunately, ICD therapy 

comes with the risk of device-related compli-

cations [3]. At 10 years, the risk of lead failure 

in patients with transvenous ICD (TV-ICD) can 

be as high as 25% [4]. 

The subcutaneous ICD (S-ICD) is a com-

pletely extravascular device, designed to 

avoid intravascular and intracardiac hardware 

and address the limitations of conventional 

TV-ICD systems. Actually, the S-ICD has be-

come a safe and viable alternative for TV-ICD 

therapy [5, 6], and its use has increased sig-

nificantly [7].

The European and US guidelines recom-

mend the S-ICD (class IIa) as an alternative to 

TV-ICD in patients who meet the indication for 

an ICD, and in the absence of bradycardia with 

a need for pacing, monomorphic ventricular 

tachycardia presumed to be responsive to an-

ti-tachycardia pacing (ATP), and an indication 

for cardiac resynchronization therapy (CRT) 

[8, 9]. The US guidelines also recommend the 

S-ICD (class I) in patients with inadequate 

venous access or at high risk of infection [8].

However, despite those recommenda-

tions, the early adoption of S-ICD was low, 

in part due to considering the S-ICD as only 

a niche device and also due to its cost and 

delay in economic reimbursement in some 

countries. However, over the past few years, 

the use of S-ICDs has increased, for instance, 

in the US [7] although there has still been 

hesitancy in its use due to the lack of pacing 

capabilities. 

Therefore, the S-ICD is currently conside-

red mainly in younger patients to avoid long-

term transvenous leads and in those who are 

at higher risk of infection, such as patients 

with previous ICD infection or undergoing he-

modialysis.

An observational study prospectively 

included consecutive patients who under-

went de novo ICD implantation in 33 Italian 

centers for three months in 2015 [10]. A CRT 

device was implanted in 39% (369/947) of 

patients. An S-ICD was implanted in 12%  

of patients with no CRT indication (7% of the 

total population). S-ICD patients were younger 

than patients who received TV-ICD, more of-

ten had channelopathies, and more frequently 

received their device for secondary prevention 

of SCA. More frequently, the clinical reason for 

preferring a TV-ICD over an S-ICD was the need 

for pacing (45%), ATP (36%), or the expected 

future need for CRT (26%).

Some physicians have been concerned 

that patients will later need bradycardia pac-

ing or CRT although the need for pacing ap-

pears to be low if the patient does not require 

pacing at the time of implantation. In the SCD- 

-HeFT study, the 5-year rate of crossover to ICD 

or CRT due to pacing need in patients enrolled 

in the amiodarone arm (845 patients) or in the 

placebo arm (847 patients) was 11.7% and 

10.5%, respectively, nearly 2% per year [11].

In this issue of the journal, Kempa et al. [12] 

have published an analysis of the data from 

the Polish S-ICD Registry run by the Polish 

Cardiac Society between May 2020 and Sep-

tember 2022 to monitor the implementation 

of S-ICD therapy in Poland. The data include 

reports on about 440 procedures including 

411 de novo procedures, representing 75% 

of the total number of ICD implantations in 

Poland during that period. The median age 

of the population was 42 years. Most of the 
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patients (93.9%) were in sinus rhythm, 89.5% were in New 

York Heart Association class I–II, and their median left 

ventricular ejection fraction (LVEF) was 0.33%. Secondary 

prevention indication was present in one-third of the pa-

tients, and ischemic cardiomyopathy was reported in only 

one-fourth of the patients. Not surprisingly, young age was 

the main reason for choosing an S-ICD in three-fourths of 

the patients, while a higher risk of infective complication 

was present in fewer than one-fifth of the patients.

Those clinical characteristics are representative of a pa-

tient population very similar to that designated to utilize 

S-ICD in the early years after approval of the device by the 

Food and Drug Administration in the US. In 2012, only 2% 

of patients having the indications for ICD therapy in the US 

received an S-ICD [13], which was, therefore, often used as 

a “niche” device.

However, it should be noted that patients included in 

the earlier registries conducted in the US and Europe, which 

have demonstrated the safety and feasibility of the S-ICD 

system for the prevention of SCA, also included patients 

with heart failure, low LVEF, and multiple comorbidities 

[14, 15].

In a pooled analysis of 882 patients with a mean fol-

low-up of 22 months, 42% had congestive heart failure, 

35% had previous myocardial infarction, and the S-ICD 

continued to demonstrate its favorable safety and efficacy 

[15]. As expected, the study also noted a very low rate of 

lead issues (<1%) and infection (<2%) in 3-year follow-up. 

The UNTOUCHED study included 1111 patients im-

planted with a S-ICD only for primary prevention, and, 

for the first time with LVEF ≤35% [6]. Mean LVEF in UN-

TOUCHED was very similar to that of MADIT-RIT [2], which 

included only TV-ICDs (27 ± 7% vs. 26 ± 6%, respectively). 

The S-ICD was proven to be safe and effective, even in 

older patients (mean age, 55.8 ± 12.4 years) with multiple 

comorbidities and poorer cardiovascular function [8]. The 

most important strength of the UNTOUCHED trial was that 

it enrolled a majority of US participants and those with 

a high morbidity burden, therefore, its results should be 

generalizable to many patients seen in real-world practice.

The PRAETORIAN was the first head-to-head trial 

comparing the S-ICD with the conventional TV-ICD in the 

general population undergoing ICD implantation, who 

did not have pacing indications [5]. At a median follow-up 

of 49.1 months, the S-ICD was deemed non-inferior to the 

TV-ICD in the primary composite end-point with respect 

to device-related complications and inappropriate shocks 

(hazard ratio [HR], 0.99; P = 0.01) [5].

Nowadays available evidence strongly supports the 

use of S-ICD also in the population with heart failure, low-

er LVEF, and multiple comorbidities; therefore, the S-ICD 

should not be considered anymore a “niche” device. The 

previous guidelines had been written before data from 

more recent trials were available.

We think that the S-ICD can be considered in all primary 

(and even secondary) prevention patients without any 

pacing indication (including cardiac pacing, need for ATP, 

or CRT) regardless of age and underlying heart disease. It 

is anticipated that the actual level of recommendation will 

be raised with the next guideline update.
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Since the onset of the COVID-19 pandemic 

in early 2020, several studies on its cardio-

vascular complications and the importance 

of  cardiovascular  magnetic  resonance 

(CMR) in diagnosis of myocarditis have been 

published. “A distinct septal pattern of late 

gadolinium enhancement specific for COVID- 

-19-induced myocarditis: A multicenter car-

diovascular magnetic resonance study” [1] 

compares patients with COVID-19-related 

myocarditis and non-COVID-19 myocarditis, 

for CMR findings.

The study was a multicenter, observational 

study conducted in 5 centers. The authors 

recruited 552 COVID-19 patients prospec-

tively and 221 patients retrospectively, as 

the non-COVID-19 group, between 2018 and 

2019. The median time interval between 

acute COVID-19 disease symptoms and CMR 

was 12 weeks. The COVID-19 group showed 

a lesser extent of late gadolinium enhance-

ment  (LGE), better left ventricular systolic 

function, lower left ventricular end-diastolic 

volume (LVEDV) but a higher rate of pericardi-

tis and septal predilection of LGE as compared 

to the control group. About half of the patients 

showed a myocarditis-like injury with only 

7.5% also having myocardial edema (only 

3 had myocardial edema). In those patients, 

the LGE areas were larger, and pericarditis 

was more frequent (13.6% vs. 6%; P = 0.03). 

The control group had a higher rate of my-

ocarditis-like injury and pericardial effusion. 

The authors did not find any relation between 

the LGE extent and obesity or age.

The use of Lake Louise Criteria (LLC) as 

markers for myocardial inflammation is useful 

in patients with a clinical presentation con-

sistent with acute myocardial inflammation 

[2]. But in patients without clinical evidence 

of myocarditis, areas with abnormal LGE may 

just reflect scars but not acute inflammation. 

Therefore, observed injuries in patients with-

out associated edema as visualized by T2-de-

pendent CMR may be scars or fibrosis due to 

other reasons, without active inflammation. 

Septal fibrosis, as reported, is not specific 

for inflammation but, instead, is a frequent 

pattern in non-ischemic myocardial disease, 

such as dilated [3] and hypertrophic cardi-

omyopathy [4] and sarcoidosis [5] and can 

even be seen in healthy individuals [6]. Myo-

cardium that is exposed to stress may show 

LV remodeling with myocyte hypertrophy 

and diffuse interstitial fibrosis, which may also 

include replacement fibrosis [7]. Therefore, 

such septal LGE patterns are unlikely due to 

inflammation and thus, in this context, should 

be interpreted with caution. Inflammatory 

injury due to viral disease is usually located 

in basal to mid-inferolateral regions [8], and 

studies in post-COVID related myocarditis 

have reported non-ischemic scar patterns, 

with some studies showing elevated T1 and 

T2 values [9] and others with T2 elevation 

only [10]. Wherever reported though, the 

pattern of injury was non-ischemic with the 

most common inferior, inferolateral, basal to 

mid-region scar [9, 11, 12].

One major limitation, as also pointed 

out by the authors, is the lack of access to 

T1 and T2 mapping, which was not available 

in all centers. In the context of COVID-related 

myocardial injury, mapping may be the most 
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accurate test for detecting myocardial inflammation and 

injury [9].

Pericarditis has not been a frequent finding in COVID- 

-19 patients although in some studies [9, 13], the reported 

prevalence of pericardial inflammation was up to 40% [13], 

and most frequently it was adjacent to the lateral wall. It 

might be important to investigate the extent and preva-

lence of pericardial injury in those patients to explain the 

prolonged symptom duration.

COVID-19-related myocardial inflammation appears 

to follow similar injury patterns as in other viral diseases 

and, in affected patients, may reflect involvement of their 

vulnerable myocardial tissue. While the study by Haberka  

et al. [1] provides interesting results, it contradicts a large 

body of evidence and confirmatory studies would be 

needed to demonstrate that septal injury is indeed 

a specific marker for COVID-19 myocarditis, instead of 

non-specific fibrosis. 
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A B S T R A C T

Hypertension management forms a cornerstone of cardiovascular prevention. Strong evidence is 

available supporting the benefits of blood pressure (BP) lowering in older adults, and recent studies 

indicate that intensive BP control may provide additional advantages concerning cardiovascular and 

mortality risk, also at older ages. Yet, in older adults, the cardiovascular benefit of intensive treatment 

may come at the expense of an increase in adverse events. Indeed, advanced age and frailty may 

modify the risk/benefit ratio of BP lowering due to a greater predisposition to hypotension and 

more severe consequences deriving from treatment-related adverse effects. This mostly applies to 

individuals with poor health status and limited life expectancy, in whom aggressive BP lowering 

may not lead to cardiovascular benefits but rather increase the risk of short-term treatment-related 

complications. Furthermore, potential harms of intensive BP control might be underestimated in 

clinical trials due to exclusion criteria that preclude patients with frailty and multimorbidity from 

being eligible. Syncope and falls are the most frequently mentioned safety concerns related to 

antihypertensive treatment, but aggressive BP lowering may affect negatively also renal function, 

cognitive performance, quality of life, and survival. With the growing emphasis on intensive treat-

ment strategies, raising the awareness of potential harms associated with aggressive BP lowering 

might help improve hypertension management in older adults and encourage implementation of 

clinical research on safety. Given these premises, we present a narrative review illustrating the most 

relevant risks associated with intensive BP control in older patients.
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INTRODUCTION
Hypertension is one of the most important 

modifiable risk factors for cardiovascular 

disease, and mortality and blood pressure 

(BP) management represents an essential 

pillar of cardiovascular prevention [1]. The 

prevalence of hypertension steadily rises with 

age, exceeding 60%–70% in individuals aged 

60 years or older [2].

In Italian epidemiological studies in-

volving individuals over the age of 65, the 

prevalence of hypertension varied from 65% 

up to over 80%, with higher rates reported 

in women [3]. Recent studies analyzing 

trends in hypertension prevalence in Polish 

older adults reported consistent data, with 

prevalence rates reaching 72%–75% in men 

and 79%–87% in women, and the highest 

prevalence observed in people over the age 

of 85 [4, 5]. Given the progressive increase 

in life expectancy and population aging, 

the prevalence of hypertension is expected 

to increase dramatically in the near future, 

especially in older individuals, which calls 

for greater attention to this condition in the 

geriatric population.

Over the last decades, several studies have 

provided compelling evidence that antihy-

pertensive treatment substantially reduces 

cardiovascular morbidity and mortality in old 

and very old adults [6–8]. Consistently, the 

European Society of Cardiology guidelines 

advise not to consider age alone as a barri-

er to antihypertensive treatment [9]. More 

recent studies seem to support an intensive 

approach to BP lowering, targeting tight BP 

control [10]. In the STEP trial involving older 

adults aged 60–80 years, targeting systolic 
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BP of 110–130 mm Hg reduced the risk of cardiovascular 

events compared with standard treatment targeting sys-

tolic BP of 130–150 mm Hg [11]. Similarly, data from the 

Systolic Blood Pressure Intervention Trial (SPRINT) demon-

strated that treating hypertensive adults to reach systolic 

BP <120 mm Hg reduced the number of cardiovascular 

events and deaths compared with a systolic BP target 

<140 mm Hg [12]. The benefits of intensive treatment were 

also confirmed in individuals aged 75 years or older [13], 

thus prompting a paradigm shift in hypertension guide-

lines from less intensive to more intensive BP targets for 

older adults [14, 15].

The cardiovascular benefits of intensive therapy may 

come at the expense of relevant drawbacks [16], particu-

larly in older patients who typically present a higher risk of 

hypotension-related complications [17]. Indeed, multiple 

observational studies involving older individuals suggest 

increased potential for serious adverse effects in patients 

receiving intensive antihypertensive treatment, even more 

so if they are frail [18–23]. Many experts and analyses have 

thus argued against aggressive antihypertensive treatment 

in older patients, highlighting a discrepancy between 

clinical trials and the real world [24, 25]. Trial evidence 

that underpins guidelines usually includes patients with 

relatively good health status and no or mild frailty, who 

are more likely to benefit from long-term advantages of 

intensive BP control. By contrast, patients with higher levels 

of frailty and multimorbidity, who are particularly vulner-

able to adverse events, are typically excluded [26, 27]. As 

a result, data from clinical trials may encourage the pursuit 

of aggressive BP control while potentially underestimating 

the risk of adverse events. As life expectancy and time 

available to experience long-term benefits of antihyper-

tensive treatment decrease, attention should be given to 

avoiding early complications, including treatment-related 

adverse events.

Syncope and falls are the most frequently mentioned 

antihypertensive treatment-related safety concerns. How-

ever, aggressive BP lowering may negatively impact also 

renal function, cognitive performance, quality of life, and 

survival (Figure 1). The knowledge of potential harms 

associated with intensive BP lowering may be helpful to 

improve hypertension management in older adults while 

drawing attention to clinical research on safety. Therefore, 

this article presents a narrative review that outlines and 

discusses the risks of intensive BP control in older adults.

Cognitive

performance

Renal function

Intensive BP control

Autonomy in daily 

living and quality 

of life

Hospitalization 

and survival

• Increased risk of incident 

dementia

• Progression of cognitive 

decline in cognitively 

impaired subjects

• eGFR decline

• Acute kidney injury

• Electrolyte disorders

• Fall-related injuries

• Fear of falling and anxiety

• Dizziness

• Confusion and drowsiness (dementia)

• Increased all-cause and 

cardiovascular mortality

• Increased risk of hospital 

re(admission)

Figure 1. Potential risks of intensive blood pressure (BP) control in older adults

Abbreviations: BP, blood pressure; eGFR,  estimated glomerular filtration rate
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FALLS, FUNCTIONAL AUTONOMY,  
AND QUALITY OF LIFE

Hypotension represents the most common cause of synco-

pe and falls in older adults [28–31]. Iatrogenic events relat-

ed to drug-induced hypotension are especially common, 

particularly in frailer individuals receiving polypharmacy 

with hypotensive effects [32, 33]. Nevertheless, limited 

data are available on the association between intensive BP 

control and the risk of falls and injuries in older patients.

In the SPRINT cohort, including a subgroup of partic-

ipants aged 75 years and older, intensive treatment was 

associated with increased risk of hypotension and syncope 

but not injurious falls, i.e., falls resulting in emergency de-

partment or hospital admissions [16]. Observational studies 

carried out in community-dwelling older adults describe 

a different scenario. Indeed, in a community-based cohort 

of subjects aged 75 years or older meeting the inclusion 

criteria for the SPRINT and undergoing a follow-up of 

comparable duration, rates of injurious falls and syncope 

were approximately 5-fold higher than in the standard 

care group in the SPRINT [25], suggesting limited gen-

eralizability of the trial results. Moreover, in a real-world 

sample including 477 516 treated hypertensive individuals 

at a mean age of 65 years, mean systolic BP <110 mm Hg 

carried a 50% higher risk of serious falls and syncope com-

pared with mean systolic BP ≥110 mm Hg [34].

Fall risk seems to be especially relevant during the early 

phases of antihypertensive treatment. Indeed, introduction 

of antihypertensive medications was found to be associ-

ated with 69% and 94% increased risk of falls during the 

first 45 and 14 days of treatment initiation, respectively, 

independently of the drug class used [35]. Consistently, the 

risk of a serious fall injury was consistently and significantly 

increased in the 15 days after antihypertensive medication 

initiation and intensification in a large sample of older 

Medicare beneficiaries [36].

Although falls are recognized as possible adverse 

events related to antihypertensive treatment, their 

deleterious consequences on older patients’ health and 

well-being are often overlooked. Fall-related injuries 

are usually more severe in older than in younger people 

and represent a significant cause of disability and mor-

tality. A cohort study of 754 community-dwelling older 

adults investigating recovery from disability after serious 

fall-related injuries showed little or no recovery in 64% 

of participants. Moreover, 44%–59% of participants with 

no or mild-to-moderate pre-fall disability did not return 

to the pre-fall level of functioning [37]. Indeed, major 

injuries such as fractures and head traumas frequently 

lead to hospitalization, prolonged bed rest and decondi-

tioning, impaired autonomy in daily living, and nursing 

home admission in more severe cases [38–40]. Falls that 

do not result in major injuries are also clinically important, 

potentially causing a “post-fall syndrome” characterized 

by fear of falling, anxiety, depression, restrictions in daily 

activities, and loss of functional autonomy [41–43]. Finally, 

falls represent the leading cause of injury-related deaths 

in persons aged ≥65 years [44].

Falls aside, aggressive BP lowering in older patients may 

be responsible for a number of symptoms such as dizziness, 

light-headedness, and unsteadiness, which impair quality 

of life and may lead to activity restriction.

Moreover, hypotension has been associated with men-

tal fluctuations, confusion, and drowsiness in patients with 

dementia [45].

RENAL FUNCTION AND ELECTROLYTE 
BALANCE

High BP is a modifiable risk factor for chronic kidney disease 

and antihypertensive treatment is known to reduce the risk 

of renal function decline. However, uncertainties remain on 

the renal benefits of intensive BP control [46, 47].

In the SPRINT cohort, a >30% reduction in estimat-

ed glomerular filtration rate (eGFR) occurred in the 4% 

and 1.1% of participants in the intensive and standard 

treatment arms, respectively, and intensive treatment 

was associated with a significantly higher risk of a >30% 

reduction in eGFR (hazard ratio [HR], 3.69; 95% confidence 

interval [CI], 2.54–5.36) [48]. In a systematic review and 

meta-analysis assessing the efficacy and safety of inten-

sive BP lowering in older adults, intensive treatment was 

consistently associated with a 2-fold increase in the risk of 

renal failure [10]. Moreover, a systematic review of clinical 

trials involving patients with non-diabetic chronic kidney 

disease demonstrated that intensive BP treatment does 

not slow renal function decline nor reduce the risk of renal 

outcomes, such as doubling of serum creatinine or a 50% 

reduction in GFR, although stricter BP control might be 

beneficial in selected subgroups of patients with higher 

levels of proteinuria [49].

In addition to unclear benefits for renal function and 

preventing renal disease progression, intensive BP low-

ering may also predispose to acute kidney injury (AKI) 

events. Data from primary care indicate that AKI is more 

likely to occur in older adults with low systolic BP values 

(i.e., <100 mm Hg) [50]. In the SPRINT study, the incidence of 

AKI events was 3.8% vs. 2.3% in the intensive and standard 

arms, respectively [51], and intensive treatment was identi-

fied as an independent predictor of AKI (adjusted HR, 1.83; 

95% CI, 1.43–2.33) [48]. Although AKI events in the SPRINT 

participants were generally mild and largely reversible [51], 

they meaningfully raised the risk of cardiovascular events 

and all-cause death [48]. One may thus suppose that inten-

sive BP lowering results in more pronounced alterations of 

intrarenal hemodynamics, leading to an increased proba-

bility of BP falling below the autoregulatory threshold for 

kidney perfusion. However, long-term follow-up data are 

needed to better evaluate the effects of intensive BP control 

strategies on worsening of renal function.

Electrolyte disorders also deserve mention although 

they are rarely assessed in detail in hypertension trials 

[10, 47]. In older adults participating in the SPRINT, severe 
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electrolyte disorders were significantly more common in 

the intensive treatment arm, with particular reference to 

hyponatremia [13]. Indeed, the risk of electrolyte disorders 

is especially high in older patients due to comorbidities, ad-

ditional predisposing medications (e.g., benzodiazepines, 

antidepressants) [52], and a tendency for poor hydration. 

Diuretic therapy is recognized as the most important in-

dependent risk factor for electrolyte disorders, particularly 

hypokalemia, and hyponatremia [53]. Hyponatremia is 

most frequently associated with thiazide or thiazide-like 

agents, but it may occur also in patients receiving loop 

and potassium-sparing diuretics, particularly when differ-

ent diuretic classes are combined [54]. Potassium-sparing 

diuretics also predispose to hyperkalemia, especially in 

patients with renal impairment, and/or receiving angio-

tensin system antagonists. By contrast, thiazide and loop 

diuretics predispose to hypokalemia, with higher risk at 

increased doses [53]. As electrolyte disorders are associ-

ated with several adverse outcomes including increased 

mortality [52], electrolyte monitoring is advisable during 

antihypertensive treatment intensification, particularly in 

older patients receiving diuretic therapy.

COGNITIVE PERFORMANCE
Numerous studies have shown that midlife hypertension 

is associated with increased risk of dementia in later life 

[55–58]. However, this association modifies with advancing 

age and high BP seems to no longer be a risk factor in older 

individuals [57, 59–61].

In a longitudinal observational study of over 8000 in-

dividuals, systolic BP ≥130 mm Hg at the age of 50 was 

associated with increased risk of dementia independently 

of cardiovascular disease, whereas no association was 

observed between high BP and incident dementia at the 

ages of 60 or 70 years [57]. The Rotterdam Study and the 

Leiden 85-plus Study [62] reported consistent results: in in-

dividuals aged 65–74 years, higher BP was associated with 

worse cognitive function in later life, while this association 

reversed in older participants — particularly in the oldest 

subgroup (age 85+ years) — in whom higher baseline BP 

was associated with better cognitive function. Van Dalen 

and colleagues [63] recently investigated the association 

between BP and dementia risk in 7 cohort studies involv-

ing a total of 17 286 participants: a non-linear association 

was reported in older participants that appeared to be 

U-shaped in groups aged 75 to 95 years, with the lowest 

risk points at systolic BP of approximately 160–170 mm 

Hg. In recent years, a relevant number of cohort studies 

have reported comparable findings, suggesting that the 

association between high BP and risk of incident demen-

tia attenuates or even reverts at an advanced age [59, 

60, 64, 65], particularly in treated hypertensive patients 

[66, 67]. Increasing evidence consistently suggests that 

aggressive BP lowering might not be beneficial or may 

even be harmful. In 8563 subjects included in the SPRINT 

MIND substudy (mean age 67 years), intensive BP control 

did not significantly reduce the incidence of probable 

dementia over a 5.1-year follow-up although potential 

benefits were reported on reducing the risk of mild cog-

nitive impairment and of the composite outcome of mild 

cognitive impairment plus dementia, with a 15% risk 

reduction estimate [68]. In 1 626 individuals involved in 

the HOPE-3 cognitive substudy (mean age 74 years), the 

addition of antihypertensive treatment (candesartan plus 

hydrochlorothiazide) to standard treatment showed no 

beneficial effect on cognitive performance after a 5.7-year 

follow-up [69]. Moreover, in a subgroup analysis, a lower 

cognitive decline was observed in the placebo arm in sub-

jects with lower baseline systolic BP (<133 mm Hg), with 

a significant blood pressure/treatment group interaction 

[69]. Similarly, the Sydney Memory and Aging Study [70] 

showed worse global cognition trajectories in a cohort 

of treated hypertensive patients aged 70–90 years with 

systolic BP values ≤120 mm Hg compared to those not 

receiving antihypertensive medications. Recent data from 

a large national population database [67] described an 

U-shaped association of BP with the risk of dementia and 

Alzheimer’s disease, independently of antihypertensive 

use. By contrast, the risk of vascular dementia seems to 

differ by antihypertensive treatment. Indeed, in individuals 

not taking antihypertensive medications, the risk of vascu-

lar dementia was greater as SBP increased. In those taking 

antihypertensive treatment, the risk of vascular dementia 

was greatest at systolic SBP ≥160 mm Hg, lowest at sys-

tolic BP of  120–140 mm Hg, and increased at systolic BP 

of 100–120 mm Hg.

Based on the above, there seems to be a gradual shift 

with age from high BP being a risk factor for cognitive 

impairment to high BP potentially helping to preserve 

cognitive function in the oldest individuals. Whether low 

BP is causally related to dementia or the result of the de-

mentia process remains unclear. It can be assumed that 

high BP values may help maintain adequate cerebral per-

fusion and normal cognition in the face of age-associated 

vascular changes [71]. However, some data indicate that 

BP declines in the years preceding dementia onset and 

further decreases over the disease course, with a more 

rapid decline compared to subjects with no diagnosis of 

dementia [59, 61, 72]. This may suggest an inverse associ-

ation between BP and dementia risk, with lower BP values 

resulting from neurodegenerative processes in preclinical 

stages of dementia [73].

While a large body of literature has explored the asso-

ciation between BP and dementia risk, few studies provide 

information on BP control in patients with dementia, who 

are usually excluded from randomized clinical trials [8]. In 

the SPRINT study, a significant interaction between bene-

fits from intensive treatment and cognitive performance 

was reported. Indeed, participants with higher baseline 

scores on the Montreal Cognitive Assessment derived 

strong benefits from intensive treatment, while no appre-

ciable benefits were observed in participants with lower 
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cognitive function [74]. Consistently, in an Italian clinical 

sample of 172 patients with dementia or mild cognitive 

impairment (mean age 79 years), lower daytime systolic BP  

in ambulatory BP monitoring (mean daytime systolic  

BP <129 mm Hg) was associated with greater progression 

of cognitive decline at 9 months in patients receiving an-

tihypertensive treatment [75].

In addition to uncertain benefits for cognitive function, 

individuals with cognitive impairment may be particularly 

liable to harms associated with antihypertensive treatment 

and may experience higher rates of adverse effects related 

to intensive BP control, particularly as regards falls [76]. 

On the whole, available data suggest that benefits of BP 

lowering may be attenuated in patients with coexisting 

cognitive impairment and recommend caution against 

excessive BP lowering in this subgroup.

HOSPITALIZATION AND MORTALITY
Over the last decades, several observational studies have 

provided evidence of an attenuated or even inverted 

relationship between BP and mortality in older individu-

als. Moreover, available evidence clearly demonstrates that 

physical performance, cognitive status, and functional level 

modulate the BP-mortality association in old age [77–79].

In a post-hoc analysis of the Systolic Hypertension in the 

Elderly Program (SHEP), antihypertensive treatment was 

associated with a lower rate of mortality and myocardial 

infarction in patients with preserved functional autonomy 

but not in those with disability [80]. In National Health and 

Nutrition Examination Survey (NHANES) participants aged 

65 or older, BP was positively correlated with mortality in 

faster but not in slower walkers (gait speed <0.8 m/s), while 

BP was negatively associated with risk of death in those 

unable to complete the walk test [79]. In the Swedish 

population-based Swedish National Study on Aging and 

Care (SNAC-K) study involving 3 014 older subjects (mean 

age 73 years), systolic BP values <130 mm Hg were asso-

ciated with the lowest mortality in “biologically young” 

participants, but with the highest mortality in “biologically 

older” participants, i.e., those with mobility limitations (gait 

velocity <0.8 m/sec) and/or cognitive impairment.

Based on this evidence, one might suppose that in-

tensive BP control may not provide mortality benefits in 

older patients, particularly in frailer ones. Indeed, while 

the unfavorable prognostic impact of high BP tends to 

reduce with advancing age, low BP increasingly becomes 

a negative prognostic marker, especially in subjects with 

frailty or worse health status [81–83]. In agreement with 

this hypothesis, systolic BP <120 mm Hg was found to be 

associated with increased risk for mortality in nursing home 

residents [19, 84]. Moreover, observational studies indicate 

that also systolic BP <140 mm Hg may not be beneficial to 

older people. Six-year follow-up data from the Italian cohort 

study “Fiesole Misurata” showed lower mortality in commu-

nity-dwelling older adults with systolic BP 140–159 mm Hg 

as compared with systolic BP 120–139 mm Hg (HR, 0.54; 

95% CI, 0.33–0.89) [85]. Similarly, Oates and colleagues [86] 

reported reduced 5-year survival in hypertensive adults 

aged 80 or older with BP values <140/90 mm Hg (HR, 0.84; 

95% CI, 0.78– 0.89, and HR, 0.91; 95% CI, 0.87–0.96, for each 

10-point increase in SBP and DBP, respectively), while BP 

was not associated with survival in individuals with un-

controlled hypertension (HR, 1.01; 95% CI, 0.98–1.05; and 

HR, 0.89; 95% CI, 0.67–1.19, for each 10-point increase in 

systolic and diastolic BP ≥140/90 mm Hg, respectively). 

Finally, in a recent systematic review and meta-analysis, 

no mortality difference was observed between frail older 

people with systolic BP <140 mm Hg and those with higher 

BP values. Conversely, mortality was lower in non-frail in-

dividuals with systolic BP <140 mm Hg compared to those 

with higher systolic BP [87]. As regards diastolic BP, low 

values were found to predict all-cause mortality in older 

hypertensive outpatients [88].

A possible explanation of these findings is that older 

people have higher susceptibility to organ hypoperfusion 

due to vascular stiffness and impaired autoregulation, mul-

timorbidity, and polypharmacy with hypotensive effects 

[32, 89, 90]. Therefore, in parallel with high cardiovascular 

risk, older people also show a significant predisposition 

to hypotension, which may diminish or even revert the 

potential benefits of intensive BP control due to increased 

vulnerability to treatment-related complications. Moreover, 

in frailer patients, the time-until-benefit of antihyperten-

sive treatment might exceed the life expectancy due to 

coexisting conditions that substantially impact patients’ 

prognosis and reduce the prognostic relevance of high 

BP [91]. However, reverse causality cannot be excluded, 

as low BP may represent an epiphenomenon of an overall 

decline in health status which would be responsible for the 

increased risk of mortality.

Uncertainties remain on the benefits of intensive BP 

control even in older patients with very high cardiovascular 

risk, e.g., those with previous cardiovascular events. In a sec-

ondary analysis of the INternational VErapamil SR-Tran-

dolapril STudy (INVEST) including 22 576 hypertensive 

coronary artery disease patients, the systolic BP value 

corresponding to the nadir risk for the composite outcome 

of all-cause mortality, myocardial infarction and stroke 

increased with increasing age, being lowest (110 mm 

Hg) in participants <60 years and highest for those aged 

80 years or older (140 mm Hg) [92]. In older patients with 

hypertension and coronary artery disease enrolled in the 

CLARIFY (ProspeCtive observational LongitudinAl RegIstry 

oF patients with stable coronary arterY disease) registry, 

BP values <120/70 mm Hg were consistently associated 

with higher all-cause mortality, myocardial infarction, 

and stroke [93]. In contrast to these studies, data from the 

Secondary Prevention of Small Subcortical Strokes (SPS3) 

Trial suggest possible benefits of intensive BP control (sys-

tolic BP target <120 mm Hg) for the risk of disabling and 

fatal strokes in subjects older than 75 years with previous 

lacunar events [94].
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In addition to mortality, hospitalization should also be 

considered as a possible complication related to intensive 

BP control. In a recent study involving older adults hospi-

talized for non-cardiac conditions, intensification of anti-

hypertensive therapy on hospital discharge was not asso-

ciated with reduced cardiac events or improved BP control 

within one year but was associated with increased risk of 

readmission and cardiovascular events in the short term 

[20]. These associations were not observed in patients with 

previously elevated BP but mostly applied to patients with 

well-controlled baseline BP, suggesting that the increased 

rate of adverse events may be at least partially explained 

by overtreatment [20]. Similarly, in hypertensive nursing 

home residents, increased intensity of antihypertensive 

treatment was significantly associated with a small increase 

in hospitalization risk although no significant association 

with mortality was reported [22].

CONCLUSIONS
With the growing emphasis on intensive BP control, atten-

tion should be given to the potential for treatment-related 

adverse events in the geriatric population. When consid-

ering intensive BP control in older hypertensive adults, 

clinicians need to individually weigh benefits against 

potential risks deriving from increased vulnerability to 

adverse events. Indeed, advanced age and frailty may 

modify the risk/benefit ratio of BP lowering due to an 

increased predisposition to hypotension and more severe 

consequences deriving from its complications. This mostly 

applies to individuals with poor physical performance, 

cognitive impairment, and disability, in whom aggressive 

BP lowering may not lead to cardiovascular benefits, but 

rather increase the risk of hypotension and treatment-re-

lated adverse events. In these patients, a more prudent 

BP lowering strategy seems to be advisable and a target 

range of 130–150 mm Hg systolic BP has been suggested to 

minimize the risk of hypotension-related adverse outcomes 

while providing adequate cardiovascular protection [19]. 

Additional trials are needed to thoroughly investigate the 

effects of intensive BP control and optimal BP targets in 

older adults.
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Editorial

by Botto et al.

A B S T R A C T 

Background: The use of subcutaneous implantable cardioverter-defibrillators (S-ICD) has been 

growing in Poland since 2014. The Polish Registry of S-ICD Implantations was run by the Heart 

Rhythm Section of the Polish Cardiac Society between May 2020 and September 2022 to monitor 

the implementation of that therapy in Poland.

Aims: To investigate and present the state-of-the-art of S-ICD implantation in Poland. 

Methods: Implanting centers reported clinical data of patients undergoing S-ICD implantations 

and replacements, including age, sex, height, weight, underlying disease, history of pacemaker 

and defibrillator implantations, indications for S-ICD, electrocardiographical parameters, procedural 

techniques, and complications.

Results: Four hundred and forty patients undergoing S-ICD implantation (411) or replacement (29) 

were reported by 16 centers. Most patients were in New York Heart Association class II (218 patients, 

53%) or I (150 patients, 36.5%). Left ventricular ejection fraction was 10%–80%, median (IQR) was 

33% (25%–55%). Primary prevention indications were present in 273 patients (66.4%). Non-ischemic 

cardiomyopathy was reported in 194 patients (47.2%). The main reason for the choice of S-ICD were: 

young age (309, 75.2%), risk of infectious complications (46, 11.2%), prior infective endocarditis (36, 

8.8%), hemodialysis (23, 5.6%), and immunosuppressive therapy (7, 1.7%). Electrocardiographic 

screening was performed in 90% of patients. The rate of adverse events was low (1.7%). No surgical 

complications were observed.
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Conclusions: Qualification for S-ICD in Poland was slightly different when compared to the rest 

of Europe. The implantation technique was mostly consistent with the current guidelines. S-ICD 

implantation was safe, and the complication rate was low. 

Key words: implantable cardioverter-defibrillator, subcutaneous implantable cardioverter-defibril-

lator, sudden cardiac death, ventricular arrhythmia

INTRODUCTION
Implantation of a subcutaneous cardioverter-defibrillator 

(S-ICD) is commonly used for prevention of sudden cardiac 

death due to ventricular arrhythmias, which is in line with 

the European and American guidelines [1, 2]. That method 

of treatment has been employed in Poland since 2014 [3]. 

During the early period, the number of implantations was 

limited by the lack of reimbursement, decisions were made 

on a post-hoc, patient-by-patient basis by the National 

Healthcare Fund, which discouraged wide application 

of the new method due to the high cost of the system 

resulting in the procedure being a high-risk investment 

for any hospital involved. Complete reimbursement by 

the National Healthcare Fund was introduced as late as 

2019 (under specific conditions: only for experienced, 

high-volume tertiary cardiology centers, performing at 

least 30 lead extraction procedures annually, and having 

cardiac or thoracic surgery backup on-site) [4]. That led to 

a substantial increase in the number of procedures in the 

following months. Despite that fact, no national system was 

established to monitor the growing experience of Polish 

centers with the new modality of treatment. Therefore, the 

executive board of the Heart Rhythm Section of the Polish 

Cardiac Society decided to create the Polish S-ICD Registry 

to monitor the safety, technical issues, complications, and 

clinical outcomes of the implementation of that method 

in Poland. The registry was launched on May 1, 2020 [5]. 

Centers implanting S-ICD systems reported data of patients 

undergoing implantation or exchange of the device. Par-

ticipation of the centers in the registry was not intended 

to influence their clinical decisions, and data were sent 

after implantation-related hospitalization. The initial report 

comprised the data of 123 patients. Low complication 

rates were observed, as there were no in-hospital surgical 

complications, and only 2 adverse events were described 

(pocket hematoma treated conservatively, and unilateral 

paresis of the lower limb with no apparent pathology of 

the central nervous system). The most frequent indication 

for S-ICD and not a transvenous implantable cardioverter- 

-defibrillator (TV-ICD) was patients’ young age, similar to 

other reports. 

During the first year of data collection, the initial results 

were also published, comparing Poland to other European 

countries in terms of characteristics of the population of 

patients undergoing S-ICD implantation, as well as the 

reasons for choosing subcutaneous systems over trans-

venous ones [6]. In that report, we concluded that S-ICD 

systems in Poland were implanted in patients at a more 

advanced stage of chronic heart failure when compared 

to other European countries. The most frequent reason 

for choosing S-ICD and not TV-ICD was the young age of 

patients, similar to other countries.

The registry data were also compared with the histor-

ical small cohort of S-ICD recipients treated during the 

initial year after the introduction of this new method of 

treatment in Poland [7]. In that report, we observed a ten-

dency to incorporate new operational techniques (such 

as intermuscular pocket and 2-incision technique) used in 

more experienced European centers, with no increase in 

the perioperative complication rate.

After significant volume of data was gathered by the 

participating centers, a decision was made to close the 

registry at the end of September 2022. Our current analysis 

aimed to investigate and present the state-of-the-art of 

S-ICD implantation in Poland based on the data reported 

to the registry during the whole period of two and a half 

years of its duration. 

METHODS
The analysis was based on patients’ records reported be-

tween May 2020 and September 2022 to the multicenter 

registry of S-ICD implantations in Poland. The registry was 

designed, launched, and run by the Heart Rhythm Section 

of the Polish Cardiac Society, and it was approved by the 

Bioethical Committee at the Regional Medical Board in 

Rzeszów (approval no. 35/B/2020). Centers’ participation 

W H A T ’ S  N E W ? 
The use of subcutaneous implantable cardioverter-defibrillator (S-ICD) systems in Poland has been growing since 2014, with 

a significant rise after introduction of full reimbursement. The Polish Registry of S-ICD Implantations was run by the Heart Rhythm 

Section of the Polish Cardiac Society between May 2020 and September 2022 to monitor the implementation of that modern 

therapy in Poland. We present data regarding 440 procedures reported to the registry, including 411 de novo S-ICD implantations 

that represent 75% of the total number of implantations in Poland during that period. There were no perioperative surgical 

complications, and the rate of adverse events was low.
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in the registry was by no means associated with any influ-

ence on qualification of patients, procedural technique, 

or further course of follow-up care. Required data were 

reported once the index hospitalization of a given patient 

had finished. The records included information such as 

age, sex, height, weight and body mass index, underlying 

disease, history of implantation of other implantable 

cardiac electronic devices (pacemakers and defibrillators) 

and their extraction, indications for S-ICD implantation, 

basic electrocardiographical parameters (including any 

conduction disturbances and QRS widening), procedural 

techniques (type of anesthesia, use of 2-incision or 3- in-

cision techniques), results of the implantation procedure, 

and any complications occurring until the end of patient’ 

hospitalization. Data were reported digitally on a dedicated 

web-based platform created for that purpose. 

Statistical analysis

Continuous variables were presented as mean and stand-

ard deviation or median and interquartile range in the case 

of non-normal distribution. Categorical parameters were 

presented as numbers and percentages. The normality of 

distribution was tested with the Shapiro-Wilk test. Groups 

were compared with the Pearson’s χ2 test and post-hoc 

proportion test with Bonferroni’s correction for multiple 

comparisons. Fisher’s exact test was used in the case of 

low sample sizes. A P-value of below 0.05 was considered 

statistically significant. Data management and statistical 

analysis were performed with Microsoft Excel, Statistica 

13.1 software (TIBCO Software, Palo Alto, CA, US), and R ver-

sion 4.1.2 (November 1, 2021, “Bird Hippie”, The R Founda-

tion for Statistical Computing, Vienna, Austria) and R-studio 

software (September 2, 2021 build 382).

RESULTS
Data of 440 patients undergoing S-ICD implantation 

(411 patients) or device replacement (29 patients) were re-

ported to the registry by 16 centers in Poland. That number 

represented 75% of all procedures performed in Poland 

during the period of interest, as we estimated on the basis 

of unpublished data acquired from the manufacturer of 

the system. The growth rate of the cumulative number of 

records was constant during the whole duration of the 

registry. A quarterly number of new records was between 

43 and 49, except for the first (19) and last (25 records) 

quarters. Among 411 patients undergoing first-time 

implantation, 297 (72.3%) were male and 114 (27.7%) 

were female. Patients’ age was between 12 and 82 years, 

with a median (interquartile range [IQR]) value equal to 

42 (31–55) years.

Most patients were classified as New York Heart As-

sociation (NYHA) class II (218, 53%) or I (150, 36.5%), with 

all the others being in class III. Left ventricular ejection 

fraction (LVEF) was between 10 and 80% and median (IQR) 

was 33% (25%–55%). In 273 patients (66.4%), S-ICD was 

implanted for primary prevention of sudden cardiac death 

(SCD). Non-ischemic cardiomyopathy was the predominant 

underlying disease in that cohort, as it was reported in 

194 patients (47.2%). Detailed clinical data are presented 

in Table 1.

Electrocardiography and other cardiac 

implantable electronic devices (CIED)

Data representing cardiac rhythm, conduction disturbanc-

es, and the presence of other CIEDs at the time of S-ICD 

implantation are presented in Table 2. 

Reasons for preference of S-ICD over TV-ICD 

The main reason for the choice of S-ICD (instead of a tra-

ditional TV-ICD) was patients’ young age and long life 

expectancy, and it was reported as such in 309 patients 

(75.2%). The other significant group of reasons declared by 

the implanting physicians fell into the category of increased 

risk of infectious complications or recurrent infection due to 

(sorted by decreasing frequency): chronic infectious states 

— in 46 patients (11.2%), prior infective endocarditis — in 

36 patients (8.8%), hemodialysis — in 23 patients (5.6%), 

and immunosuppressive therapy — in 7 patients (1.7%). 

Lead failure of a previously implanted transvenous lead 

was reported as the main reason in 27 cases (6.6%) and 

difficult vascular access in 18 cases (4.4%). In the majority 

of patients (370 — 90%), the decision to qualify for S-ICD 

Table 1. Clinical characteristics of patients undergoing first-time im-

plantation of a subcutaneous implantable cardioverter-defibrillator

Clinical feature Value

Age, years, median (IQR) 42 (31–55)

Male sex, n (%) 297 (72.3)

Height, cm, median (IQR) 175 (168–181)

Weight, kg, median (IQR) 80 (70–94)

BMI, kg/m2, median (IQR) 26 (23–30)

Sinus rhythm, n (%) 386 (93.9)

Prior sternotomy, n (%) 40 (9.7)

LVEF, %, median (IQR) 33 (25–55)

Underlying disease

NICM, n (%) 194 (47.2)

ICM, n (%) 112 (27.3)

Primary VF, n (%) 46 (11.2)

LQTS, n (%) 11 (2.7)

HCM, n (%) 7 (1.7)

LVNC, n (%) 7 (1.7)

Brugada syndrome, n (%) 6 (1.5)

Myocarditis, n (%) 5 (1.2)

Congenital heart disease, n (%) 5 (1.2)

ARVC, n (%) 2 (0.5)

CPVT, n (%) 2 (0.5)

MAD, n (%) 1 (0.2)

Abbreviations: ARVC, arrhythmogenic right ventricular cardiomyopathy; BMI, body 

mass index; CPVT, catecholaminergic polymorphic ventricular tachycardia; HCM, 

hypertrophic cardiomyopathy; ICM, ischemic cardiomyopathy; IQR, interquartile 

range; LQTS, long QT syndrome; LVEF, left ventricular ejection fraction; LVNC, left 

ventricular non-compaction; MAD, mitral annular disjunction; NICM, nonischemic 

cardiomyopathy; VT, ventricular tachycardia
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implantation was preceded by electrocardiographic (ECG)

screening, as presented in Table 3.

S-ICD implantation procedure

S-ICD systems were implanted mostly by cardiolo-

gists. A cardiac surgeon was involved only in 8 cases 

(1.9%). The procedure was performed most frequently 

under general anesthesia (302 patients, 73.5%), using 

a 2-incision technique (323 patients, 78.6%), and creating

an intermuscular (over the serratus anterior muscular fascia 

and beneath the latissimus dorsi muscle) device pocket

(367 patients, 89.3%). A defibrillation test was performed in 

322 patients out of 411 undergoing first-time implantation

(78.3%). The test shock was set to 65J in 309 cases, 70J in

10, 72J in 2, and 80J in one case. In 89 patients the defibril-

lation test was waived, and the predominant reasons for

avoiding the test were: extremely low LVEF (17 patients,

19.1%), thromboembolic material within heart chambers

(14 patients, 15.8%), and transvenous lead extraction (pos-

sibly increasing the risk of complications) performed just

before S-ICD implantation (10 patients, 11.2%). 

During data collection, we observed an evolution of 

operational techniques, that is the number of incisions, lo-

cation of the device pocket, and the type of anesthesia used

for the implantation procedure. To trace that evolution, 

we divided the whole duration of the registry into 4 equal 

7-month periods (1st period: May 2020–December 2020,

2nd period: January 2021–July 2021, 3rd period: August

2021–February 2022, 4th period: March 2022–September

2022). During the first period, the 3-incision technique was

used in 53.2% of cases, with predominant intermuscular 

pocket (96.4%) and the procedure was performed under 

general anesthesia (72.1%). In the last period, more pro-

cedures were reported to have been performed with the

2-incision technique (93.3%; P <0.001) with a lower rate of 

intermuscular pocket (80.9%; P = 0.01). The rates of proce-

Table 2. Electrocardiography and other cardiac implantable electro-

nic devices

Sinus rhythm, n (%) 386 (93.9)

Atrial fibrillation, n (%) 25 (6.1)

Paced rhythm, n (%) 4 (1)

Bundle branch block, n (%) 20 (4.9)

Right bundle branch block, n (%) 14 (3.4)

Left bundle branch block, n (%) 6 (1.5)

No history of CIED before S-ICD, n (%) 338 (82.2)

Previous ICD-VR, n (%) 53 (12.9)

Previous ICD-DR, n (%) 18 (4.4)

Previous CRT-D, n (%) 5 (1.2)

Previous CRT-P, n (%) 1 (0.2)

Previous TV-ICD not removed, only deactivated, n (%) 10 (2.4)

Abbreviations: CIED, cardiac electronic implantable device; CRT-D, cardiac resynchro-

nization therapy cardioverter-defibrillator; CRT-P, cardiac resynchronization therapy

pacemaker; ICD-DR, dual-chamber implantable cardioverter-defibrillator; ICD-VR,

single chamber implantable cardioverter-defibrillator; TV-ICD, transvenous implan-

table cardioverter-defibrillator; S-ICD, subcutaneous implantable cardioverter-

-defibrillator

Table 3. Results of preoperative electrocardiography screening, 

which was performed in 370 of 411 patients undergoing first-time

implantation

Number of vectors positive 

for a given patient

Number 

of patients (%)

3 190 (51.4)

2 171 (46.2)

1 9 (2.4)

Number and percentage of positive results 

for a given vector in the whole cohort

Number 

of patients (%)

Primary 346 (93.5)

Secondary 334 (90.3)

Alternate 241 (65.1)

P <0.001
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Figure 1. Evolution of the implantation technique — percentages 

of 2- and 3-incision procedures in 4 consecutive 7-month periods 

of the registry (1st period: May 2020–December 2020, 2nd period: 

January 2021–July 2021, 3rd period: August 2021–February 2022, 

4th period: March 2022–September 2022). P <0.001 for inter-group P

difference; P <0.001 for 1P st vs. 4th period comparison
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Figure 2. Evolution of the implantation technique — location of the 

device pocket in 4 consecutive 7-month periods of the registry 

(1st period: May 2020–December 2020, 2nd period: January 2021–July

2021, 3rd period: August 2021–February 2022, 4th period: March 

2022–September 2022). The submuscular pocket is located under 

the serratus anterior muscle; the intermuscular pocket is located be-

tween the latissimus dorsi and serratus anterior muscles. P <0.01 forP

inter-group difference; P = 0.01 for 1P st vs. 4th period comparison



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 459

Maciej Kempa et al., Results of the Polish S-ICD Registry

dures performed under general anesthesia or fascial plane

block were not significantly different (P = 0.83). Detailed 

data are presented in Figures 1–3.

Periprocedural adverse events and complications 

related to S-ICD implantation or replacement 

S-ICD replacement procedures (29 patients) were not asso-

ciated with any adverse events. In 411 patients undergoing 

first-time implantation, 7 adverse events were observed

(1.7%) during the periprocedural period (in-hospital, before 

discharge from the implantation-related hospitalization).

Inappropriate interventions were reported in 4 cases (1%), 

and they were due to inappropriate sensing resulting most 

probably from air entrapment in the device pocket or the 

tunnel around the lead course (4 patients, 1%), as well as 

low amplitude of the R wave (in addition) in 1 of those pa-

tients (0.2%). Subcutaneous emphysema was reported in

one patient (0.2%). Moreover, one patient (0.2%) suffered

from transient atrioventricular conduction disturbances 

immediately after the defibrillation test shock. In one 

patient (0.2%), paresis of the right lower extremity was

observed, and an in-depth diagnostic investigation did

not reveal any neurological reason that could explain that

complication. No surgical complications, infections, or early 

system revisions were reported.

DISCUSSION
Data collected in that multicenter registry were used for 

previously published analyses comparing indications and

clinical characteristics of populations of patients undergo-

ing S-ICD implantation in Poland and other European coun-

tries [8]. When considering the complete registry duration 

of 2.5 years, the percentages and trends did not change 

significantly. Among patients receiving S-ICD systems, the 

percentage of subjects in NYHA class I is approximately

40%, and in class III — around 11%. Those percentages are 

different than in the rest of Europe, where more patients

are in class I (67.7%) and fewer in class III (2.9%), as we re-

ported before [8]. In our extended registry cohort, mean 

LVEF was still below 40%; hence, the tendency of Polish 

patients to have more advanced heart failure at the time

of S-ICD implantation remained unchanged. That result

is concordant with the findings of the Heart Failure Pilot

Survey [9]. S-ICD was invariably less frequently implanted

in patients with no structural heart disease in Poland than 

in the rest of Europe. That finding is surprising because, in

a recently published survey, the majority of Polish experts 

in S-ICD implantation declared that patients with inherited

arrhythmic syndromes should be qualified for S-ICD rather 

than TV-ICD unless a history of ventricular tachycardia eli-

gible for antitachycardia pacing was present [10].

Interesting results were found in the analysis of reasons 

for selection of an S-ICD instead of a TV-ICD. Polish centers 

reported patients’ young age as the predominant reason. 

The second most important factor was the fear of infectious

complications. Those results are in conformity with both 

the European and American guidelines, where the long-life 

expectancy and the risk of infection or infection recurrence

are recommended for consideration during qualification 

and should favor S-ICD systems [1, 2]. The above observa-

tions are also in line with the results of a survey study, where

92% of Polish experts declared a history of transvenous

CIED-related infection resulting in the extraction of that

system as the reason for the subsequent choice of S-ICD,

and the age below 50 years should favor the choice of 

S-ICD and not TV-ICD irrespective of the etiology of heart 

failure [10]. Importantly, according to legal regulations in

Poland, complete reimbursement of the S-ICD system is 

granted only on declaration of the indication predefined 

by the healthcare fund [4]. Therefore, the reasons such as 

an active lifestyle, cosmetic effect, or patients’ preference 

cannot justify the choice of S-ICD, and then an additional 

reason should be reported for reimbursement, even if it is

not predominant.

In the majority of patients, a decision to implant S-ICD

was preceded by ECG screening. Three acceptable vectors 

were recorded in 51.4% of patients, and only one — in 

2.4% of cases. According to the S-ICD manual, at least one 

vector passing in all the tested body positions is considered

sufficient to proceed with S-ICD implantation. Most of the 

authors of this study consider that insufficient and prefer

to have at least two vectors positive in both supine and 

standing body positions. Unfortunately, we do not have

information on how many of the patients initially consid-

ered for S-ICD implantation failed ECG screening, as only 

S-ICD implantations were reported to the registry, and not 

preoperative qualification.

Surgical techniques used during S-ICD implantation

were in line with the current European Heart Rhythm As-

sociation (EHRA) recommendations [11]. Implantation pro-
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Figure 3. Evolution of the implantation technique — type of anes-

thesia in 4 consecutive 7-month periods of the registry (1st period:

May 2020–December 2020, 2nd period: January 2021–July 2021, 

3rd period: August 2021–February 2022, 4th period: March 2022–

–September 2022). P = 0.04 for inter-group difference;P P = 0.83 for P

1st vs. 4th period comparison
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cedures were performed mostly under general anesthesia, 

using the 2-incision technique and an intermuscular device 

pocket. The recommended 2-incision technique was used 

with an increasing rate from the first period of the registry 

to the last one.  There was no significant difference in the 

rates of regional anesthesia and fascial plane block be-

tween the consecutive periods. We also made a surprising 

observation that the rate of using subcutaneous (and not 

intermuscular) pocket location increased during the time 

of data collection. Such a technique is not recommended, 

as it increases the risk of infectious complications. The 

most probable explanation for this phenomenon is that 

new centers with less experienced operators joined the 

registry during ongoing data collection. A conclusion 

may be drawn that some form of training requirements 

for operators, and not only legal requirements for centers, 

should be considered to promote appropriate operational 

techniques. 

A defibrillation test was performed in 322 of 411 pa-

tients undergoing first-time S-ICD implantation. It means 

that the test is abandoned increasingly more often despite 

being a recommended step in the implantation procedure 

[11]. The main reason for skipping the test was very low 

LVEF (and thus the fear of worsening heart failure with 

induced ventricular fibrillation). Another reason was trans-

venous lead extraction directly preceding S-ICD implanta-

tion. Mechanical strain applied to the vessel walls and heart 

chambers during lead extraction may impair their integrity 

and increase the risk of subsequent rupture and perforation 

due to increased pressure trauma, which may be related to 

abrupt chest muscle contraction during the induction and 

defibrillation of ventricular fibrillation. Although that fear 

is based on the experience of physicians performing lead 

extractions and has no sound data to support it, it is not  

limited to us. In a recent report of S-ICD implantation up to 

several days after transvenous lead extraction, defibrillation 

testing was performed only in 47% of S-ICD recipients, and 

“physician’s choice” was also among the reasons behind 

skipping the test [12].

In 309 patients, a test shock of 65J was effective. The 

remaining 13 patients were tested with higher energy. 

Induced arrhythmias were successfully terminated in all 

cases. That result seems to be slightly better than the 

percentages reported in clinical studies [13, 14]. It may be 

related to a high rate of using intermuscular pocket location 

(which is nowadays the preferred device location). In the 

majority of patients reported to the registry, the device 

pocket was dissected under the border of the latissimus 

dorsi muscle, as recommended. It forces a more dorsal 

position of the device compared to the subcutaneous 

pocket and results in high efficacy of the test shock due 

to a relatively low impedance of the defibrillation pathway 

[15, 16]. Unfortunately, not all operators declared such 

a location (i.e. intermuscular and not subcutaneous) as 

their default choice for the device pocket.

In 10 cases, previously implanted ICDs were not re-

moved before S-ICD implantation. The reasons for that 

decision were not specifically reported in the registry. In 

general, in such cases, TV-ICDs may be either planned for 

removal after S-ICD implantation or they may be switched 

off and abandoned. The latter approach is possible only 

in the case of non-infectious complications (such as lead 

failure), but in our opinion, it should be avoided if only 

possible. That approach is still under investigation [17] and 

conclusive evidence is lacking.

In the group of 411 de novo S-ICD implantations, 7 ad-

verse events were reported. Most of them were inappro-

priate interventions of the system. The occurrence of those 

interventions resulted predominantly from a recognized 

phenomenon of air entrapment in the device pocket and 

along the lead course after the implantation procedure 

[18]. The problem typically resolves by itself, with air being 

resorbed within several days. To avoid such events, every 

operator should carefully evacuate air during implantation, 

and some authors recommend filling the lead tunnel and 

the device pocket with sterile saline [19]. Delayed activa-

tion of the system, up to 48 hours after implantation, may 

also be considered. Nonetheless, such an event does not 

require surgical intervention. According to the results of 

the UNTOUCHED study, the common use of the 2-incision 

technique may contribute to a higher rate of air entrap-

ment within the subcutaneous lead tunnel [20]. In 3 of 

those 4 patients in our group, the 2-incision technique was 

used for implantation. Such a complication may also occur 

after device replacement when the new can is smaller than 

the old one, but no such case was reported in our patient 

population. 

Subcutaneous emphysema and transient atrioven-

tricular conduction disturbances were also incidentally 

observed in our study, but they did not require any addi-

tional intervention. The most serious reported complication 

was a neurological event in one patient, whose mechanism 

remained unclear despite thorough evaluation. Therefore, 

a complication requiring additional diagnostic and ther-

apeutic measures could be attributed only to that single 

case. That rate is very low, and lower than reported in the 

available studies. Surgical complications such as disloca-

tion of system components and inappropriate healing of 

a postoperative wound have been described in up to 3% of 

patients during the first month after implantation [21]. In 

our group, none of the patients had surgical complications 

after de novo implantation, but the initial observation peri-

od was relatively short, as it continued only until patients’ 

discharge from the hospital.

Limitations 

The main limitation of our analysis is a relatively low 

number of patients despite multicenter involvement. The 

registry covered only 75% of patients undergoing S-ICD 

implantation or replacement during that specific time in 
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Poland. Participation was voluntary, not all implanting 

centers joined the registry, new centers were launched after 

the registry was started, and they did not decide to join. 

Underreporting from the participating centers cannot be 

excluded. The registry was launched by the Heart Rhythm 

Section, it included specific clinical centers, and local coor-

dinators were responsible for data collection and transfer, 

but we did not verify or confirm the reported data in any 

way, and therefore possibly limited data reliability may 

also be an issue. The COVID-19 pandemic might have also 

influenced the clinical routine, as the availability of S-ICD 

implantation, device choice, and other clinical decisions 

might have been altered during the pandemic [22]. ECG 

screening was not performed in 10% of patients.

CONCLUSION
The analysis of data collected in the registry showes that 

a certain dissimilarity exists in qualification for S-ICD 

implantation between Poland and other European 

countries. The course of the procedure and implantation 

technique are in most cases consistent with the current 

guidelines. Good outcomes and an almost complete lack 

of serious complications during the early postoperative pe-

riod demonstrate that implanting centers were appointed 

appropriately, and the implanting teams were well-trained.
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Editorial 

by Friedrich et al.

A B S T R A C T

Background: COVID-19 is a great medical challenge as it provokes acute respiratory distress and 

has pulmonary manifestations and cardiovascular (CV) consequences. 

Aims: This study compared cardiac injury in COVID-19 myocarditis patients with non-COVID-19 myo-

carditis patients. 

Methods: Patients who recovered from COVID-19 were scheduled for cardiovascular magnetic res-

onance (CMR) owing to clinical myocarditis suspicion. The retrospective non-COVID-19 myocarditis 

(2018–2019) group was enrolled (n = 221 patients). All patients underwent contrast-enhanced CMR, 

the conventional myocarditis protocol, and late gadolinium enhancement (LGE). The COVID study 

group  included 552 patients at a mean (standard deviation [SD]) age of 45.9 (12.6) years.  

Results: CMR assessment confirmed myocarditis-like LGE in 46% of the cases (68.5% of the segments 

with LGE <25% transmural extent), left ventricular (LV) dilatation in 10%, and systolic dysfunction 

in 16% of cases. The COVID-19 myocarditis group showed a smaller median (interquartile range 

[IQR]) LV LGE (4.4% [2.9%–8.1%] vs. 5.9% [4.4%–11.8%]; P <0.001), lower LV end-diastolic volume 

(144.6 [125.5–178] ml vs. 162.8 [136.6–194] ml; P <0.001), limited functional consequence (left 

ventricular ejection fraction, 59% [54.1%–65%] vs. 58% [52%–63%]; P = 0.01), and a higher rate of 

pericarditis (13.6% vs. 6%; P = 0.03) compared to non-COVID-19 myocarditis. The COVID-19-induced 

injury was more frequent in septal segments (2, 3, 14), and non-COVID-19 myocarditis showed higher 

affinity to lateral wall segments (P <0.01). Neither obesity nor age was associated with LV injury or 

remodeling in subjects with COVID-19 myocarditis. 

Conclusions: COVID-19-induced myocarditis is associated with minor LV injury with a significantly 

more frequent septal pattern and a higher pericarditis rate than non-COVID-19 myocarditis. 
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W H A T ’ S  N E W ?
To our knowledge, this large prospective multicenter study, which assessed consecutive patients with suspected COVID-19 my-

ocarditis, is the only study comparing those findings with a retrospective non-COVID-19 myocarditis group. Myocardial injury 

related to COVID-19 was confirmed in half of the cases and was associated with preserved cardiac function in most cases. COV-

ID-induced myocarditis showed a significantly smaller myocardial area with a lesser transmural extent, higher left ventricular 

ejection fraction, but more frequent pericarditis than non-COVID-19 myocarditis. Finally, COVID-induced myocarditis showed 

significantly higher affinity to left ventricular septal segments, and non-COVID-19 myocarditis was more prevalent in left ven-

tricular lateral wall segments.  

INTRODUCTION 
Severe acute respiratory syndrome coronavirus 2 (SARS- 

-CoV-2) was responsible for the coronavirus disease-19  

(COVID-19) global pandemic. According to the World 

Health Organization, over 280 million people globally 

were COVID-19-positive at the end of December 2021 [1]. 

Most cases were mild or moderate, and the respiratory 

system was the primary disease target for the virus [2]. 

However, primary studies suggest that myocardial injury 

is associated with COVID-19 and provided various data 

on the prevalence and severity of the symptoms [3, 4]. 

There is considerable heterogeneity among studies, which 

originated mainly from small study groups, various clinical 

characteristics, and different times between the infection 

and study evaluation, hindering the process of arriving at 

clear conclusions [5].

Moreover, obesity, immune system abnormalities, 

and older age were some of the important risk factors 

for COVID-19 [6]. However, whether there is a correlation 

between obesity and  severity of COVID-19-related myo-

carditis is unknown.

Given the high prevalence of obesity and large numbers 

of infected patients, a considerable group of patients with 

mild cardiac injury would require cardiovascular screening. 

Cardiovascular magnetic resonance (CMR) is a comprehen-

sive imaging tool that delivers accurate results and repro-

ducibility in evaluating cardiac chambers, function, and 

myocardial injury [7]. CMR examination is a gold standard 

for patients recovering from COVID-19 and with clinical 

suspicion of myocardial injury.   

This study aimed to evaluate cardiac injury in patients 

with suspected COVID-19 myocarditis compared to 

non-COVID-19 myocarditis. In addition, we verified the 

correlation between obesity and SARS-CoV-2 myocarditis. 

METHODS

Study patients

All the study patients recovered from COVID-19, and they 

were scheduled for CMR (April 2020–October 2021) due to 

cardiac symptoms and suspected myocardial injury. The 

inclusion criteria were: (1) SARS-CoV-2 infection previously 

confirmed by a reverse transcription polymerase chain re-

action (RT-PCR) swab test; (2) suspected myocarditis related 

to SARS-CoV-2 infection as the main indication for  CMR. 

The exclusion criteria were as follows: (1) SARS-CoV-2 in-

fection diagnosed only on the basis of clinical symptoms 

or other means that RT-PCR swap test; (2) a history of my-

ocardial infarction or previous myocarditis; (3) a history of 

significant valve diseases, congenital heart diseases, cardio-

myopathy or previous cardiac surgery; (4) contraindication 

to gadolinium contrast; (5) suboptimal CMR image quality 

due to arrhythmia or patients’ incompliance. The severity 

of COVID-19 was classified according to the guidelines [8].

Data on the control group of non-COVID-19 myocarditis 

were collected retrospectively using a CMR database in 

each of the CMR center. The search included all the consec-

utive patients scheduled for CMR due to myocarditis, which 

was performed between January 2018 and December 

2019. Patients with the following chronic cardiovascular 

(CV) diseases were excluded: a history of myocardial infarc-

tion, significant valve diseases, congenital heart diseases, 

cardiomyopathy, or previous cardiac surgery.     

This was a multicenter, observational study with a pro-

spective enrollment of the study group (COVID-19) and 

a retrospective enrollment of the control group performed 

in 5 CMR centers covering different regions in Poland. All 

the CMR centers have cardiac teams experienced in CMR 

and research leaders in the Board of the Polish Cardiac 

Society Section for Cardiac CMR and Computed Tomog-

raphy. The study was conducted in accordance with the 

principles of the Declaration of Helsinki and the local ethics 

committee. 

Clinical characteristics

Diabetes (DM) was reported in patients with prior diag-

nosis or abnormal fasting plasma glucose concentration 

( 126 mg/dl) or HbA1c ( 6.5%) or 2-hour post-load plasma 

glucose ( 200 mg/dl) in the case of discrepancies [9, 10]. 

Dyslipidemia was determined based on plasma lipid levels 

or prior diagnosis and current treatment [11]. The diagnosis 

of hypertension was confirmed by taking office blood pres-

sure or prior diagnosis and current treatment [11]. Obesity 

was classified according to body mass index (BMI, body 

mass [kg]/height [m2]) as normal weight (18.5–24.9 kg/m²), 

overweight (25.0–29.9 kg/m²), and obesity ( 30.0 kg/m²): 

class 1 (30.0–34.9 kg/m²), class 2 (35.0–39.9 kg/m²), and 

class 3 ( 40.0 kg/m²). Chronic kidney disease was deter-

mined based on the estimated glomerular filtration rate 

(<60 ml/min/1.73 m²) or prior diagnosis and treatment. 
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Coronary artery disease (CAD) was included in the clinical 

characteristics in patients with prior diagnosis, which 

was based on either coronary angiography or computed 

tomography angiography. Chronic pulmonary disease 

was reported in individuals with prior diagnosis and/or 

specific pharmacotherapy.

Cardiovascular magnetic resonance imaging

All the CMR images were obtained on the 1.5T systems: 

GE Optima MR450w (GE Healthcare, Waukesha, WI, US), 

Magnetom Aera (Siemens, Erlangen, Germany), Magnetom 

Avanto (Siemens, Erlangen, Germany) with dedicated 

phased array cardiac coils or body matrix coil. The CMR 

studies were ECG-gated and based on routine clinical 

protocols according to the guidelines [12, 13]. The CMR 

protocol included: (1) conventional non-contrast mul-

ti-planar cine acquisitions (steady state free precession, 

SSFP) for functional sequences; (2) T2-weighted triple 

inversion recovery (short tau inversion recovery, STIR) for 

edema imaging; (3) late gadolinium enhancement (LGE) 

for viability imaging obtained 10–15 minutes after contrast 

injection (0.1 mmol/kg of body weight of Gadovist). Func-

tional sequences consisted of a stack of short-axis views 

from base to apex and 3 long-axis views (2-chamber view, 

4-chamber view, and left outflow track view). LGE acqui-

sitions were based on the same planes as the short- and 

long-axis cines. The STIR images were based on the same 

imaging planes as the long-axis cines and the short-axis 

planes covering LV.  

All the CMR images were assessed by experienced 

teams in each of the centers (5–20 years of experience in 

CMR). Cardiac volumes, mass, and function (left [LV] and 

right ventricular [RV] end-diastolic and end-systolic vol-

umes [V]; ejection fraction [EF]; mass [M]) were analyzed 

using dedicated commercial software. All the volumes 

and mass were indexed to body surface area (BSA) [14]. 

Afterward, individual LV parameters indexed to BSA were 

interpreted according to the normal LV reference values 

adjusted for sex and age, which were presented in the Euro-

pean Association of Cardiovascular Imaging guidelines [15].

The LV myocardium was divided into 17 segments as 

recommended by the American Heart Association [16]. The 

contractility of each of the LV segments was assessed as 

normal (1 point), hypokinetic (2 points), akinetic (3 points), 

or dyskinetic (4 points). Afterward, the wall motion score 

index (WMSI) [17] was calculated as the sum of the points 

for all segments divided by 17. 

Myocardial edema was defined as an abnormal ratio 

(>2.0) between myocardial to skeletal muscle signal inten-

sity on STIR [12, 13]. The presence, location, distribution, 

and severity of LGE were assessed in all patients. Finally, 

the total percentage of LV LGE was manually calculated in 

a semi-quantitative manner using short-axis slices covering 

all 17 segments of the LV.  

Myocarditis-like injury was reported according to the 

CMR expert recommendations [12, 13] (Lake Louise Cri-

teria), and it also included typical non-ischemic mid-wall 

and/or subepicardial LGE. Pericarditis was reported based 

on gadolinium uptake within the pericardium (LGE) and 

any of the following: pericardial thickening, edema on STIR 

imaging, or the presence of pericardial effusion. 

Statistical analysis 

The distribution of variables was tested for normality with 

the Kolmogorov-Smironov test. Numerical variables were 

expressed as mean with standard deviation (SD) or median 

with interquartile range (IQR), and categorical variables 

were presented as numbers and percentages. Baseline 

clinical parameters and the measures were compared 

between subgroups using t-tests for normally distributed 

continuous variables (unpaired Student’s t-test) or the 

Mann-Whitney test if the distribution of the samples was 

not normal. The χ2 test was used to test the differences 

between the proportions. Associations between numer-

ical variables were assessed using Pearson or Spearman 

correlation. The cut-off values of the baseline clinical pa-

rameters for prediction of myocardial injury or dysfunction 

were determined in receiver operating characteristic (ROC) 

curve analysis. A P-value <0.05 was considered statistically 

significant. Statistical analysis was undertaken using Med-

calc software (version 19.1, Osten, Belgium).

RESULTS

Study groups

COVID study group

A total of 552 patients who recovered from COVID-19 were 

enrolled in the COVID-19 study group. Median time 

between scheduled CMR and the disease onset was 

12 (8–20) weeks. The clinical indication for CMR was 

a suspicion of COVID-19-related myocardial injury. The  

COVID-19 study group included mostly middle-aged 

patients (age 45.9 [12.6] years old; 52% females) with 

obesity (25%), hypertension (25%), and diabetes (6%). All 

the studies were performed within 10 months from the 

COVID-19 onset (88% within 7 months), and the infection 

was mostly moderate (Table 1). There were 3 cases of 

cardiogenic shock, 3 cases of acute pulmonary embolism, 

2 cases of cerebral infarction, and 1 case of miscarriage 

related to the acute phase of COVID-19.

We found dilatation (10%) and moderate (11%) or se-

vere (5%) systolic dysfunction of the LV with wall motion 

abnormalities (13.5%) in COVID-19 patients. We also found 

dilatation (4.7%) and dysfunction of the RV (EF <45%) 

in 37 cases (6.7%). Moreover, half of the CMR studies 

(n = 256 patients; 46%) revealed a myocarditis-like injury 

(LGE) in the LV myocardium, including 41 patients (7.5%) 

with myocardial edema (Table 2). Finally, 3 patients had 

only myocardial edema (no LGE), and one patient was 

found to have a subendocardial scar within the inferior 

wall (Figure 1). 
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In the patients who recovered from COVID-19, myo-

cardial LGE was found more often in males (69% vs. 56%; 

P <0.001), but it was not related to age (45.6 [11.8] years 

vs. 46.3 [13.5] years; P = 0.5) or BMI (26.9 [5] kg/m2 vs. 27.1 [4.9] 

kg/m2; P = 0.6). 

The median number of injured LV segments was 3 (2–4), 

which was 4.4% (2.9%–8.1%) of the LV mass. The majority 

of injured segments (68%) showed only a mild degree of 

LGE (<25% transmural extent), and the most frequently 

diseased LV segments were: 2, 3, and 4 (Figure 2). Finally, 

every fifth patient showed a pericardial effusion, and co-

existing pericarditis was found in 35 patients (13.6%) with 

predominantly mild manifestations. 

The patients’ age, obesity, body mass index (BMI), or 

time from the COVID-19 onset were not associated with 

total LGE mass (data not shown). Time of CMR from the 

onset of the disease was similar between males and fe-

males (12 [8–20] vs. 12 [8–20]; P = 0.1), and it showed only 

a weak association with LV end-diastolic volume (EDV)/ 

/BSA (r = –0.2; P = 0.01), LV mass/BSA (r = –0.3; P <0.001), 

RV EDV/BSA (r = –0.2; P <0.01), but not with any other CMR 

parameters, including LVEF or RVEF. As expected, patients 

with pericarditis confirmed on CMR showed larger LGE 

area compared to patients without pericarditis (7.35% 

[4.4%–23.5%] vs. 4.4% [2.9%–7.3%]; P <0.0001).  

Among baseline parameters, LVEF ≤56% showed a sta-

tistical trend (area under the curve [AUC], 0.560; sensitivity, 

37%; specificity, 80%; P = 0.07), and WMSI>1.0 (AUC, 0.589; 

sensitivity, 25%; specificity, 93%; P <0.01) was the predictor 

of myocardial injury (LGE). 

Non-COVID control group

A total of 221 consecutive patients were included in 

the control group with non-COVID-19 myocarditis (age, 

39.3 [14.6] years; 64% males). The clinical characteristics and 

main CMR parameters in comparison with the COVID study 

group are presented in Table 1. In brief, the non-COVID 

group included slightly younger patients, mostly males, 

more overweight individuals, but fewer with obesity; there 

were no other clinical differences. However, CMR confirmed 

myocarditis-like LGE at a significantly higher rate in the 

control group (90% vs. 46%; P <0.001), with a higher rate 

of pericardial (21% vs. 13%; P = 0.01) and pleural (19% 

vs. 2.8%; P = 0.001) effusions.

The subgroups of COVID-19 and non-COVID-19 patients 

with myocarditis confirmed on CMR are presented in Ta-

ble 2. The total LV LGE and the number of involved segments 

were significantly smaller, and the severity of segmental in-

jury (transmural extent) was lesser in COVID-19-myocarditis 

compared to non-COVID-19 myocarditis, except for the 

Table 1. Clinical characteristics of the study groups

  COVID-19 group

(n = 552)

Non-COVID-19 group

(n = 221) 

 P-value

Age, years, mean (SD) 45.9 (12.6) 39.3 (14.6) <0.001

Female/male sex, n (%) 285 (52) / 267 (48) 81 (36) / 140 (64) 0.01

Diabetes, n (%) 35 (6) 15 (7) 0.6

Dyslipidemia, n (%) 41 (7) 24 (11) 0.07

Hypertension, n (%) 140 (25) 45 (25) 1.0

Coronary artery disease, n (%) 21 (3.8) 15 (7) 0.08

Chronic pulmonary diseases, n (%) 41 (7.5) 12 (5.5) 0.32

Body mass index, kg/m², mean (SD) 27.2 (4.9) 26.3 (4.5) 0.3

Normal weight, n (%) 199 (36) 61 (27) 0.01

Overweight, n (%) 216 (39) 124 (56) <0.001

Obesity, n (%) 137 (25) 36 (16) <0.01

Chronic kidney disease, n (%) 2 (0.4) 2 (1) 0.3

Atrial fibrillation, n (%) 12 (2.2) 7 (3) 0.51

COVID-19    

Confirmed by PCR test, n (%) 552 (100)    

Disease onset and CMR, weeks, mean (SD) 15 (9)    

Moderate, n (%) 416 (75)    

Severe, n (%) 133 (24) 

Critical, n (%) 3 (0.5)

Cardiovascular magnetic resonance

Myocardial injury

Myocarditis   

LV LGE, n (%) 256 (46) 200 (90) <0.001

Pericardium  

Pericardial effusion, n (%) 73 (13.2) 48 (21) 0.01

Pericarditis, n (%) 40 (7) 12 (5.5) 0.44

Pleural effusion, n (%) 16 (2.8) 42 (19) 0.001

Abbreviations: BSA, body surface area; CMR, cardiac magnetic resonance; EDV, end-diastolic volume; EF, ejection fraction; LGE, late gadolinium enhancement; LV, left ventric-

le; PCR, polymerase chain reaction; RV, right ventricle; SD, standard deviation
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Table 2. Clinical characteristics of the studied patients with late gadolinium enhancement

  COVID-19 LGE(+)

(n = 256)

Non-COVID-19 LGE (+)

(n = 200)

 P-value

Age, years, mean (SD) 46.3 (13.5) 38.8 (14.7) <0.001

Female/male sex, n (%) 113 (44) / 143 (56) 64 (32) / 136 (68) <0.01

Diabetes, n (%) 24 (9) 14 (6) 0.3

Dyslipidemia, n (%) 25 (10) 19 (9) 0.7

Hypertension, n (%) 59 (23) 58 (29) 0.15

Coronary artery disease, n (%) 10 (6.5) 13 (6) 0.8

Chronic pulmonary diseases, n (%) 13 (5) 10 (4.5) 0.8

Body mass index, kg/m², mean (SD) 27.2 (4.8) 26.1 (4.7) 0.01

Obesity, n (%) 60 (23.4) 36 (18) 0.12

Chronic kidney disease, n (%) 2 (0.8) 3 (1.3) 0.6

Atrial fibrillation, n (%) 6 (2.3) 7 (3.1) 0.6

Cardiovascular magnetic resonance

Left and right ventricular remodeling

LV EDV, median (IQR) 144.6 (125.5–178) 162.8 (136.6–194) <0.001

LV EDV/BSA, ml/m², median (IQR) 75.8 (62–86.3) 84.2 (71.6–96) <0.0001

Dilated LV, n (%) 25 (10) 39 (19.5) 0.08

LV mass, g, median (IQR) 117 (94–142) 133.1 (111–143.3) <0.0001

LV mass/BSA, g/m², median (IQR) 54.4 (42–64) 66.8 (54.2–75.5) <0.0001

LV hypertrophy, n (%) 9 (3.5) 13 (6.5) 0.25

LVEF, %, median (IQR) 59 (54.1–65) 58 (52–63) 0.01

LVEF ≥50%, n (%) 215 (84) 157 (78) 0.2

LVEF 40%–49%, n (%) 28 (11) 21 (10.5) 0.7

LVEF <40%, n (%) 13 (5) 22 (11) <0.01

LV WMSI, median (IQR) 1 (1–1) 1 (1–1.2) <0.001

Wall motion abnormalities, n (%) 59 (23) 74 (37) <0.01

RV EDV, ml, median (IQR) 135.5 (116–165) 139 (122–168) 0.1

RV EDV/BSA, median (IQR) 68.4 (56.4–80) 70.1 (62.1–82) 0.1

Dilated RV, n (%) 12 (4.7) 18 (9) 0.3

RVEF, %, median (IQR) 55 (50–61) 54 (49–59.7) 0.25

Myocardial injury

Myocarditis       

LV  LGE, n (%) 256 (100) 200 (100)  

Nb of LV segments with LGE, median (IQR) 3 (2–4) 4 (2–5.5) <0.01

Total LGE in LV mass, %, median (IQR) 4.4 (2.9–8.1) 5.9 (4.4–11.8) <0.001

Patients with LGE in LV segment, n (%)    

51%–75% 20 (7.8) 20 (10) 0.02

26%–50% 61 (24) 67 (33.5) <0.001

≤25% 174 (68) 109 (54.5) <0.0001

LV edema, n (%) 42 (16.4) 75 (37.5) 0.05

Pericardium

Pericardial effusion    

<10 mm, n (%) 40 (15.5)  38 (19) 0.32

≥10 mm, n (%) 4 (1.5) 6 (3) 0.56

Pericarditis, n (%) 35 (13.6) 12 (6) 0.03

Severity of LGE in the pericardium      

Mild, n (%) 29 (11.3) 7 (3.5) <0.01

Moderate, n (%) 6 (2.3) 4 (2) 0.83

Severe, n (%) 0 0  

Abbreviations: BSA, body surface area; CMR, cardiac magnetic resonance; EDV, end-diastolic volume; EF, ejection fraction; LGE, late gadolinium enhancement; LV, left ventric-

le; PCR, polymerase chain reaction; RV, right ventricle; SD, standard deviation

transmural injury (0.4 vs. 2 %; P = 0.09) (Table 2). There was 

a trend toward a less frequent LV edema reported in the 

COVID-19 subgroup (16.4% vs. 37.5%; P = 0.05). Moreover, 

patients with non-COVID-19 myocarditis demonstrated 

a significantly lower LVEF with a doubled rate of signifi-

cant LV dysfunction (LVEF <40%), more frequent LV wall 

motion abnormalities, and LV remodeling compared to 

the post-COVID-19 patients (Table 2). Nevertheless, COVID 

myocarditis resulted in a higher rate of pericarditis (13.6% 

vs. 6%; P = 0.03), which was mostly mild (11.3% vs. 3.5%; 

P <0.01), with a small pericardial effusion <10 mm in both 

groups. Finally, the distribution of LGE within LV showed 

significant differences between both groups (Figure 2). 

COVID-19-induced myocarditis was significantly more fre-
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Figure 1. Myocardial injury (late gadolinium enhancement [LGE]) 

after COVID-19 (A–D) and after non-COVID-19 inflammation (E–F). 

A. Intramyocardial injury (arrows) on late gadolinium enhancement 

sequence in a 23-year-old male with documented myocarditis during 

COVID-19  (arrows). B. Subendocardial scar on dark blood late gado-

linium enhancement sequence in a 64-year-old male (arrow).  

C. Pericarditis (white arrow) with pericardial effusion and myocar-

dial injury (grey arrow) on late gadolinium enhancement sequence 

(arrows) in a 54-year-old female. D. Intramyocardial injury on late 

gadolinium enhancement sequence in a 40-year-old male (arrows).  

E and F. Subepicardial and intramyocardial injuries in late gadolinium 

enhancement sequence

Figure 2. Bull’s eye plots showing location and distribution of late gadolinium enhancement according to the 17-segment AHA (American 

Heart Association 17-segment model) rates of injured segments in patients with COVID-19-related myocarditis (A) and non-COVID-19 myocar-

ditis (B)

quent in the 2nd (37% vs. 28%; P = 0.04), 3rd (44.1% vs. 30.5%; 

P <0.01), and 14th (11.7% vs. 6%; P = 0.03) segments, and 

non-COVID-19 cases were more frequent in the lateral 

wall: 5th (36% vs. 57%; P <0.01), 6th (18% vs. 32%; P <0.01), 

11th (19% vs. 41.5%; P <0.001), and 12th (16.8% vs. 27%; 

P <0.01). Moreover, post-COVID-19 patients with obesity 

showed a significantly more frequent injury within the  

3rd LV segment compared to non-obese post-COVID-19 cas-

es (53.5% vs. 39%; P = 0.04). 

There was no difference in the LV LGE area between 

obese and non-obese patients in the COVID-19 group (4.4% 

[2.9%–10.3%] vs. 4.4% [3%–7.35%]; P = 0.1). There was also 

no difference in LV LGE between obese and non-obese indi-

viduals (8.1% [4.4%–14.7%] vs. 5.8% [2.9%–11.8%]; P = 0.18) 

in the non-COVID-19 group. Finally, there was a weak 

association between BMI and LV LGE in this subgroup  

(r = 0.15; P = 0.04)

In the non-COVID-19 subgroup, the patients’ age 

showed a weak association with total LV LGE (r = 0.25; 

P <0.01) and WMSI (r = 0.35; P <0.001). 

DISCUSSION
To the best of our knowledge, this is currently the largest 

prospective multicenter study assessing consecutive 

patients with suspected COVID-19-induced myocarditis 

and the only study comparing those findings with a retro-

spective non-COVID-19 myocarditis group. First, myocardial 

injury was confirmed in half of the patients despite their 

middle age and mostly a moderate infection. Second, 

COVID-19-induced myocarditis was in most cases asso-

ciated with preserved LV and RV systolic function. Third, 

COVID-19-induced myocarditis revealed a significantly 

smaller myocardial injury (LGE) with a lesser transmural 

extent and higher LV EF but more frequent pericarditis 

A B
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than non-COVID-19 myocarditis. Finally, COVID-19-induced 

myocarditis showed higher affinity to LV septal segments, 

and non-COVID-19 myocarditis was more prevalent in LV 

lateral wall segments. 

COVID-19 and CMR

The ongoing pandemic and millions of confirmed cases 

provided a growing body of evidence on COVID-19-related 

cardiovascular injury. However, this is mainly based on small 

and heterogenous studies [5]. The rate of abnormal CMR 

results in post-COVID-19 patients found in our study was 

consistent with meta-analyses of smaller studies [5, 18]. Up 

to 60% of the study patients were found to have at least one 

or more abnormalities on CMR depending on the time from 

the onset and severity of the disease [5, 18–21]. Huang et al. 

[19] found that half of the patients assessed with CMR had 

abnormal myocardial edema and/or LGE. The myocardial 

injury did not affect LV volumes or systolic function com-

pared to healthy controls. This study showed a decrease in RV 

functional parameters during an early post-COVID-19 period 

(first 2 months). Although Kotecha et al. [20] found that half 

of the study patients showed a myocardial injury, every fifth 

patient showed ischemic LGE. However, the exact time of 

coronary scar and its correlation with COVID-19 is unknown.

Moreover, one-third of the patients had a severe clinical 

manifestation of the ventilatory disorder. A limited func-

tional consequence was observed despite myocardial inju-

ry. Another study by Puntmann et al. [21] reported a higher 

rate of myocarditis on CMR (60%), irrespective of the clinical 

manifestation or time from acute COVID-19. However, 

lower rates of post-COVID-19 myocardial injury were also 

reported in other studies [5, 18, 22]. For obvious reasons, no 

studies assessed acute myocardial injury in CMR patients 

with severe COVID-19.

Nevertheless, an autopsy study confirmed myocarditis 

as the cause of death only in 4% of patients with COVID-19, 

which is in line with our study showing a relatively high 

prevalence of any myocardial injury (LGE) and lower rates 

of LV systolic dysfunction. Moreover, LV wall motion ab-

normalities (WMA) were reported in only one in four [23%] 

patients with COVID-19-induced myocarditis. Therefore, 

despite using high-quality CMR images, the baseline WMA 

showed low sensitivity and predictive value for myocardial 

injury (LGE). 

Our study also showed preserved RV systolic function 

and normal RV volume in most cases, consistent with pre-

vious studies [19–22]. The right heart is a passive conduit, 

dilated in an earlier phase of COVID-19. 

Our non-COVID-19 group showed a higher rate of LV 

dilatation, systolic dysfunction, and wall motion abnormali-

ties, resulting from more severe LV injury. We failed to show 

that obesity was associated with the presence, severity, and 

structural or functional abnormalities in COVID-19-induced 

myocarditis. This seems to be a feature of COVID-19 myo-

carditis important for clinical practice. 

Finally, novel CMR techniques, including mapping and 

strain, showed a COVID-19-related myocardial injury, but 

the additional data were mostly consistent with LGE-based 

injury [20, 22, 23]. 

Septal LGE pattern specific for COVID-19

Based on the outcomes of our study, COVID-19-induced 

myocarditis was located mainly in LV septal segments, 

especially in patients with obesity. Most previous studies 

confirmed only a non-ischemic pattern of LGE as the main 

finding [5], and small studies provided divergent findings 

suggesting the most frequent locations of COVID-19-re-

lated injury [18, 19, 22]. This was the first study providing 

novel data regarding the most frequent COVID-related 

injury compared to non-COVID-19 myocarditis. We found 

that COVID-19-induced myocarditis is more specific to 

inferospetal and anterospetal segments than non-COVID 

myocarditis, and it is usually found in basal or mid-cavity 

lateral segments [24]. Higher affinity of SARS-CoV-2 to 

septal segments increases the risk of injury within the 

conduction system. QT prolongation and atrioventricular 

or ventricular block were reported in 12% and 13% of 

COVID-19 patients [25]. Moreover, an LGE septal location 

was more frequent in myocarditis (unrelated to COV-

ID-19), which may result in heart failure and arrhythmias 

in the following months or years [24]. It was significantly 

associated with malignant ventricular arrhythmias [26] 

and left bundle branch block (LBBB) [25]. Finally, a new 

onset LBBB results in LV dyssynchrony and may lead to 

LV systolic dysfunction [27]. Myocardial LGE is clinically 

equal to myocardial injury in several cardiac conditions, 

which include myocarditis [28]. LGE is a well-evidenced 

independent predictor of cardiac and all-cause mortality 

[29, 30]. In addition, LGE plays a role in the pathophysi-

ology of dilated cardiomyopathy [31, 32]. Future studies 

should assess the long-term consequence of LGE on LV 

dilatation and/or dysfunction in COVID-19-induced myo-

carditis. Given the mean age of study patients, even a mild 

residual myocardial injury plays a role in progression to 

cardiomyopathy, heart failure, ventricular arrhythmias, or 

even sudden cardiac death.

COVID-19 and myocardial injury

The main mechanisms of COVID-19 myocardial injury 

include a direct viral myocardial inflammation through 

angiotensin-converting enzyme 2 receptors or an indirect 

injury induced by a high inflammatory burden and an 

overexpressed immune response [33, 34]. Endomyocardial 

biopsy in patients with severe active myocarditis showed 

active lymphocytic inflammation with no evidence of viral 

genome [21]. An autopsy study confirmed myocardial in-

filtration and mononuclear inflammatory cells in patients 

who died from COVID-19 [35]. SARS-CoV-2 is the cause of 

endothelial dysfunction and thrombotic complications, 

which is another potential pathomechanism of myocardial 
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injury [36, 37]. However, we barely found any subendocar-

dial scars in the COVID-19 study group. 

COVID-19 and pericarditis

Seven patients in our study group who recovered from 

COVID-19 with myocarditis demonstrated mild pericar-

ditis. We found that it was related to a larger area of myo-

cardial injury, which seems understandable. Similar data 

were found in other studies, with differences most likely 

depending on clinical disease severity [19–22]. However, 

an unexpectedly high pericardial (27%) and low myocardial 

involvement (16%) were reported in young athletes with 

asymptomatic or mild COVID-19 [38], suggesting that 

young convalescents may be more prone to pericardi-

tis. Our study patients were older, and we found a higher 

rate of pericarditis in patients with COVID-19-induced 

myocarditis than in non-COVID-19 myocarditis. The path-

omechanism, which includes either a direct viral infection 

or generalized COVID-19 multisystemic inflammatory 

syndrome, remains unclear. However, we observed no 

pleural effusions in those individuals. Future research is 

required to explain the clinical effects of angiogenesis 

and an increased activity of the angiotensin converting 

enzyme receptor in pericardial mesothelial cells related to 

SARS-CoV-2 infection [39, 40].

Limitations

We collected data from middle-aged patients with mostly 

moderate clinical presentations of COVID-19. Our study 

participants do not reflect a complete spectrum of the 

disease. However, the study group was recruited from 

consecutive patients referred for CMR, and a postmortem 

study showed a small number of descendants who died 

from COVID-19-related myocarditis [26]. Second, we did not 

have lab markers of cardiac injury or natriuretic peptides 

for our study patients as they were mostly not hospitalized 

during the SARS-CoV-2 infection. We also did not have 

baseline CMR to verify the exact time of myocardial injury, 

which is similar to the outcomes of other studies. In addi-

tion, we did not have data to evaluate the clinical severity 

of non-COVID-19 myocarditis in the control group.

Moreover, we do not present CMR mapping as it was 

unavailable at all CMR centers. Still, T1/T2/ECV CMR map-

ping and LV strain were mostly consistent with conven-

tional CMR sequences [20, 22, 23, 41]. Finally, all the study 

patients had clinical indications for CMR, which constitutes 

a potential selection bias.  

CONCLUSIONS
Our large prospective multicenter study confirmed COV-

ID-19-induced myocarditis in nearly half of the patients 

who recovered from COVID-19. COVID-19-related myo-

cardial injury and functional sequelae were smaller than 

in the non-COVID-19 myocarditis cases. 

This is the first study to show that septal LGE is more 

specific for COVID-19-induced injury, which may result in 

LV dyssynchrony and systolic dysfunction or arrhythmia. 

A regular follow-up of post-COVID-19 patients should 

verify the impact of a residual injury on clinical outcomes.  
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A B S T R A C T

Background: Right ventricular pacing (RVP) can result in pacing-induced cardiomyopathy (PICM). 

It is unknown whether specific biomarkers reflect differences between His bundle pacing (HBP) and 

RVP and predict a decrease in left ventricular function during RVP. 

Aims: We aimed to compare the effect of HBP and RVP on the left ventricular ejection fraction (LVEF) 

and to study how they affect serum markers of collagen metabolism.

Methods: Ninety-two high-risk PICM patients were randomized to HBP or RVP groups. Their clinical 

characteristics, echocardiography, and serum levels of transforming growth factor β1 (TGF-β1), 

matrix metalloproteinase 9 (MMP-9), suppression of tumorigenicity 2 interleukin (ST2-IL), tissue 

inhibitor of metalloproteinase 1 (TIMP-1), and galectin 3 (Gal-3) were studied before pacemaker 

implantation and six months later.  

Results: Fifty-three patients were randomized to the HBP group and 39 patients to the RVP group. 

HBP failed in 10 patients, who crossed over to the RVP group. Patients with RVP had significantly 

lower LVEF compared to HBP patients after six months of pacing (−5% and −4% in as-treated and 

intention-to-treat analysis, respectively). Levels of TGF-β1 after 6 months were lower in HBP than 

RVP patients (mean difference −6 ng/ml; P = 0.009) and preimplant Gal-3 and ST2-IL levels were 

higher in RVP patients, with a decline in LVEF ≥5% compared to those with a decline of <5% (mean 

difference 3 ng/ml and 8 ng/ml; P = 0.02 for both groups).

Conclusion: In high-risk PICM patients, HBP was superior to RVP in providing more physiological 

ventricular function, as reflected by higher LVEF and lower levels of TGF-β1. In RVP patients, LVEF 

declined more in those with higher baseline Gal-3 and ST2-IL levels than in those with lower levels.
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INTRODUCTION
Myocardial pacing of the right ventricle (RVP) 

is responsible for declining left ventricular (LV) 

function and heart failure in some patients. The 

highest risk of these adverse consequences 

is seen in older patients with a high burden 

of RV pacing, decreased left ventricular func-

tion, coronary artery disease (CAD), and wider 

spontaneous or paced QRS complexes [1]. His 

bundle pacing (HBP) preserves synchronous 

ventricular activation and represents the most 

physiological method of ventricular pacing [2, 

3]. This pacing method is more complex, with 

longer procedure times and higher radiation 

doses, and requires more sophisticated equip-

ment [4]. For these reasons, HBP is best suited 

for patients who would gain the most from 

physiological ventricular activation. However, 

the benefit of HBP in high-risk populations has 

never been described.

Although RV pacing is non-physiological, 

most patients tolerate it even for extended 
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W H A T ’ S  N E W ?
In patients at high risk of pacing-induced cardiomyopathy, His bundle pacing does not worsen left ventricular function in contrast 

to right ventricular pacing, which leads to its decline. Higher galectin 3 and suppression of tumorigenicity 2 interleukin (ST2-IL) 

levels in patients treated with right ventricular pacing are associated with decline in left ventricular ejection fraction after six 

months of pacing. Galectin 3 and ST2-IL may improve identification of patients in whom right ventricular pacing will not be 

associated with decline in left ventricular function.

periods [5]. Currently, we cannot precisely tell (before 

pacemaker implantation) which patients will experience 

deterioration in ventricular function after RV pacing. The 

period after which pacing-induced cardiomyopathy (PICM) 

starts to develop is estimated to be 2–3 years. However, 

subtle changes in LV function (i.e., ≥5% decline) can present 

sooner, and these patients are at the highest risk of further 

heart failure [6]. Remodeling and altered LV function are 

present together with changes in the ventricular micro-

structure. These changes are reflected by perfusion chang-

es in particular ventricular segments, abnormal myocardial 

metabolism, increased fibrosis, and myocardial disarray [7]. 

It was already shown that subtle myocardial microstructure 

changes in patients after myocardial infarction or heart 

failure could be evaluated using collagen metabolism 

biomarkers [7]. However, their significance in patients 

with a permanent pacemaker has not been established 

yet. Demonstrating their relevance to LV performance in 

these patients could be an important marker of increased 

risk of further heart failure. 

Our study aimed to assess the effect of RVP and HBP 

on LV function in patients at high risk of heart failure after 

cardiac pacing. Another goal was to identify laboratory 

markers that can predict or detect the adverse effects of 

RV pacing on LV performance. 

METHODS

Patients

This was a prospective open-label randomized study with 

the anticipated recruitment of 120 patients. The project was 

approved by the Ethics Committee of the Faculty Hospital 

Kralovske Vinohrady, Prague, Czech Republic; all subjects 

signed informed consent before enrollment. Only patients 

with conduction disease and an indication for permanent 

cardiac pacing per the 2013 European Society of Cardiol-

ogy (ESC) guidelines were enrolled. Patients had to have 

a permanent conduction disease with an anticipated high 

burden of the RV pacing and life expectancy greater than 

two years. Also, at least one of the following criteria had to 

be fulfilled: (1) left ventricular ejection fraction (LVEF) ≤60%; 

(2) QRS duration >115 ms; (3) presence of ischemic heart dis-

ease (defined as previous myocardial infarction or coronary 

intervention due to significant occlusion of coronary arteries 

or angina pectoris requiring pharmacological treatment).

Exclusion criteria were as follows: a severe valvular 

disease with a planned intervention, cardiac surgery due 

to valvular disease or CAD in the previous three months, 

permanent or persistent atrial fibrillation, dilated or 

hypertrophic cardiomyopathy, active myocarditis and 

an indication for cardioverter-defibrillator implantation 

or cardiac resynchronization therepy. Patients were 

randomized to the HBP or RVP arms with a 4:3 ratio; the 

anticipated His bundle pacing success rate was 80%–90%. 

After randomization, patients were informed which arm 

of the study they were enrolled in. After pacemaker im-

plantation, outpatient clinic follow-ups were at six weeks 

and six months. During these visits, the pacemaker was 

checked (with data collection), patient clinical status was 

assessed, and a physical examination was performed. 

Blood sampling and echocardiography were performed 

before pacemaker implantation and at the six-month 

follow-up visit. 

Pacemaker implantation

His bundle pacing was performed using Select Secure 

leads (model 3830, 69 cm, Medtronic Inc., Minneapolis, 

MN, US) delivered through a fixed-curve sheath (C315 HIS, 

Medtronic, Minneapolis, MN, US) preferentially from the left 

subclavian approach. The end of the sheath was delivered 

to the tricuspid annulus over the guidewire, and then the 

pacing lead was advanced through the sheath 1–2 mm 

beyond the tip of the catheter. The His bundle area was 

mapped in unipolar settings using an electrophysiology 

system (Lab system Pro, Boston Scientific, Marlborough, 

MA, US) at a sweep speed of 200 mm/s. After the His bundle 

signal was identified, the lead was fixed by 3–5 clockwise 

rotations, and pacing from the lead tip was initiated. For the 

implant procedure to be considered successful, selective, or 

nonselective, His bundle capture had to be present during 

the pacing with a pacing output below 2.5 V at 1 ms. 

RV septal pacing was performed using Tendril® (Abbott, 

Little Canada, MN, US) or Ingevity® (Boston Scientific, Marl-

borough, MA, US) pacing leads, preferably from the left 

subclavian approach. Once the lead was placed in the RV 

outflow tract/pulmonary artery, the stylet was pre-shaped, 

and the lead was fixed in the RV septum using the RAO 

projection and counter-clockwise torque on the leads’ 

stylet. The lead tip septal position was verified in the RAO 

30° and LAO 30° projections.
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Echocardiography

Echocardiography assessments were performed one day 

before and six months after pacemaker implantation by 

three cardiac sonographers using a GE Vivid E95 Cardi-

ovascular Ultrasound (Boston, MA, US). Two evaluators 

blinded to the studied groups measured and calculated 

end-diastolic and end-systolic volumes from the apical 

4- and 2-chamber views, and LVEF was calculated using 

the formula: EF = ([LVEDV − LVESV] ÷ LVEDV) (modified 

Simpson’s method) (definitions: EF, ejection fraction; LVEDV, 

left ventricular end-diastolic volume; LVESV, left ventricular 

end-systolic volume). The mean value of LVEF calculated by 

each evaluator was used for statistical analyses. 

Blood sample collections and quantification 

of cytokines

Approximately four mL of peripheral venous blood 

were collected from each patient. Blood samples were 

centrifugated at 950 g for 20 minutes. Serum samples 

were aliquoted and stored at −80 °C. Samples were 

thawed before quantifying transforming growth factor 

β1 (TGF-β1), matrix metalloproteinase 9 (MMP-9), sup-

pression of tumorigenicity 2 interleukin (ST2-IL), tissue 

inhibitor of metalloproteinase 1 (TIMP-1), and galectin 

3 (Gal-3) levels. Per the manufacturer’s instructions, the 

measurements of the selected biomarkers were per-

formed using specific Quantikine ELISA kits (R&D Systems, 

Minneapolis, MN, US).

Statistical analysis

Statistical analysis was performed using Software: R version 

4.0.5 (March 31, 2021). Exploratory data analysis was per-

formed for all variables. Categorical data were presented 

as count with frequency and continuous data as mean 

with standard deviation (SD) or median with interquartile 

ranges (IQR) for nonparametric data. Kolmogorov and 

Smirnov tests were used for normality testing, and further 

statistical analysis included a linear mixed effect model 

with random intercept, Student’s t-test, Fisher’s exact test, 

and χ2 test. 

For the linear mixed effect model, the fixed part of 

the model is represented by the interaction between two 

binary parameters: stimulation site (His vs. septum) and 

visitation (Day 0 vs. Day 180). The random part of the model 

is represented by the random intercept, which is the patient 

identification number. A maximum likelihood estimator 

was used to fit models (function lmer of package lme4) 

[8]. Post-hoc analysis was performed using the emmeans 

package.  Intention-to-treat and as-treated analyses were 

performed.  For nonparametric data, the Wilcoxon test and 

Mann-Whitney U test were used. A P <0.05 was considered 

statistically significant. The area under the curve (AUC) of 

the receiver operating characteristic (ROC) curve was calcu-

lated for ST2-IL and Gal-3 to assess their predictive value for 

LVEF deterioration. The optimal cut points of both markers 

were calculated using maximization of the Youden index 

(sensitivity + [specificity – 1]). This was a pilot feasibility 

Central illustration. Study flow-chart and the effect of right ventricular pacing and His bundle pacing on LVEF after six months of pacing in 

intention-to-treat and as-treated analyses

Abbreviations: HBP, His bundle pacing; LVEF, left ventricular ejection fraction; PICM, pacing-induced cardiomyopathy; RVP, right ventricular 

myocardial pacing

10 crossed over to RVP due to:

•  distal HV block (n = 4)

•  HB signal not fount (n = 2)

•  no QRS narrowing (n = 4)

Intention
to treat analysis

Intention 
to treat analysis As treated analysis As treated analysis
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trial, and no power calculation was performed before the 

initiation of the study.

RESULTS
Ninety-two patients were enrolled  in the study. The mean 

age was 78 years, and all had atrioventricular conduction 

disease as the pacing indication. Planned patient recruit-

ment was not reached, and randomization was stopped 

due to challenges during the COVID-19 pandemic. 

Fifty-three patients were randomized to the His bundle 

pacing (HBP) group, and 39 were randomized to the right 

ventricular pacing (RVP) group. Lead placement in the HB 

region failed in 10 of 53 patients (19%) randomized to the 

HBP group. The lead was then successfully placed in the 

RV with myocardial capture in all patients. However, two of 

these patients (20%) required ventricular lead revision due 

to pacing threshold rise. The reasons for lead implant failure 

in the HB region were as follows: (1) in two patients, the 

HB signal was not found; (2) in four patients, the distal HV 

block could not be corrected by HB pacing; and (3) in four 

patients, pacing the HB region did not lead to conductive 

tissue capture with QRS narrowing. As a result, 49 patients 

had RVP (47 septal and two apical lead positions), and 

43 had HBP. No difference in clinical characteristics was 

observed between groups relative to intention-to-treat 

and as-treated analyses (Table 1).

HBP required a longer fluoroscopy time (in inten-

tion-to-treat analysis), higher acute and chronic pacing 

thresholds, and presented with lower acute and chronic 

ventricular sensing than RVP. However, there was no dif-

ference in rates of lead repositions due to higher pacing 

thresholds between HBP and RVP groups (Table 2). 

There was no difference between HBP and RVP groups 

in the preimplant LVEF in both intention-to-treat and 

as-treated comparisons. However, LVEF significantly de-

creased after six months of RVP but remained the same in 

the HBP group. Also, LVEF was significantly lower in the RVP 

group than in the HBP group after six months of follow-up 

in both as-treated (P <0.001) and intention-to-treat analysis 

(P = 0.008) (Figure 1).

A decline in LVEF  ≥5% after six months of pacing was 

observed in 13 of 46 patients (28%) in the RVP group but in 

none in the HBP group. Among patients with RVP, a decline 

in LVEF ≥10% was observed in nine patients (20%); and in 

eight patients (17%), the resultant LVEF was ≤ 45% after 

six months of pacing. 

There was no difference in baseline serum levels of 

TGF-β1, MMP-9, ST2-IL, TIMP-1, and Gal-3 between patients 

with HBP vs. patients with RVP (both as-treated and inten-

tion-to-treat comparison). In the RVP group, in an as-treated 

comparison, a significant decline in the levels of ST2-IL 

and TIMP-1 was observed after six months of pacing, but 

no difference in the serum levels of TGF-β1, MMP-9, and 

Gal-3 was detected. In the HBP group, a significant decline 

in the serum level of ST2-IL, MMP-9, and TGF-β1 was seen 

after six months of pacing; the levels of Gal-3 and TIMP-1 re-

mained statistically the same. When comparing differences 

in serum levels of studied biomarkers between HBP and 

RVP patients six months after pacemaker implantation, 

the only difference was observed in the levels of TGF-β1, 

which were significantly lower in the HBP group than in 

the RVP group (Figure 2).

To determine whether cytokine levels before pacemak-

er implantation could predict an LVEF decline of ≥5%, we 

compared cytokine levels in patients with RVP and an LVEF 

decline of ≥5% (13 patients) vs. cytokine levels in patients 

with RVP and an LVEF decline < 5% (36 patients). Patients 

in both groups did not differ with respect to age, sex, pre-

Table 1. Baseline clinical characteristics of the study population

Intention-to-treat As-treated

RVP

(n = 39)

HBP

(n = 53)

P-value RVP

(n = 49)

HBP

(n = 43)

P-value

Age, years, mean (SD) 78 (7) 78 (8) 0.99 79 (7) 77 (8) 0.33

Male sex, n (%) 39 (80) 38 (88) 0.26 33 (85) 44 (83) 0.84

LVEF, %, mean (SD) 58 (7) 60 (5) 0.27 59 (6) 59 (4) 0.54

Arterial hypertension, n (%) 38 (97) 51 (96) 0.75 48 (98) 41 (95) 0.49

Diabetes mellitus, n (%) 16 (41) 20 (38) 0.75 18 (37) 18 (42) 0.62

CAD, n (%) 15 (38) 23 (43) 0.64 18 (37) 20 (47) 0.34

Myocardial infarction in history, n (%) 5 (14) 14 (27) 0.15 8 (17) 11 (26) 0.32

Spontaneous QRSd, ms,mean (SD) 126 (27) 125 (25) 0.80 126 (26) 126 (27) 0.98

Spontaneous QRS morphology, n (%)

BBB 16 (41) 20 (38) 0.78 19 (39) 17 (40) 0.66

Narrow (<115 ms) 12 (31) 20 (38) 16 (33) 17 (40)

NIVCD 11 (28) 13 (24) 14 (28) 9 (20)

Pacing indication, n (%)

AV block I. degree 5 (13) 7 (13) 0.95 6 (12) 6 (14) 0.94

AV block II. degree 16 (41) 25 (47) 21 (43) 20 (47)

AV block III. degree 16 (41) 19 (36) 20 (41) 15 (35)

BBB + syncope 2 (5) 2 (4) 2 (4) 2 (4)

Abbreviations: AV block, atrioventricular block; BBB, bundle branch block; CAD, coronary artery disease; NIVCD, non-specific intraventricular conduction delay; other — see 

Central illustration 
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Table 2. Procedural and follow-up pacing characteristics  

Intention-to-treat As-treated

RVP HBP P-value RVP HBP P-value

Pacing thresholds, V, at 0.4 ms, 

mean (SD)

D1 0.7 (0.3) 1.4 (0.6) <0.001 0.8 (0.4) 1.5 (0.6) <0.001

D180 0.9 (0.6) 1.7 (1.1) 0.004 1.1 (0.7) 1.7 (1.1) 0.005

D1 vs. D180 P-value 0.35 0.11 0.40 0.21

Ventricular sensing, mV,

mean (SD)

D1 9.4 (3.5) 4.5 (3.3) <0.001 9.3 (3.7) 3.5 (2.0) <0.001

D180 9.5 (2.9) 4.3 (3.2) <0.001 9.3 (3.1) 3.2 (2.0) <0.001

D1 vs. D180 P-value 0.91 0.75 0.98 0.54

Fluoroscopy time, sec, median (IQR) 242 (171−413) 505 (270−835) <0.001 329 (190−553) 399 (249−679) 0.34

Burden of ventricular pacing after 180 days, mean (SD) 92 (18) 98 (4) 0.02 95 (17) 98 (4) 0.09

Threshold rise requiring lead revision, n (%) 2 (5) 4 (8) 0.64 4 (8) 2 (5) 0.50

Abbreviations: see Central Illustration
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Abbreviations: see Central illustration

implant LVEF, QRS duration during spontaneous rhythm,

the prevalence of CAD, myocardial infarction, hypertension, 

or diabetes mellitus.

Patients with an LVEF decline of ≥ 5% after six months 

of RVP had higher baseline levels of Gal-3 and ST2-IL.

After six months, the elevations of both markers persisted 

and were higher than in patients with an LVEF decline

of < 5% in the primary analysis and also after adjustment 

to the baseline levels of both molecules (Figure 3 and

Supplementary material, Figure S1). During RVP, a decline

in TIMP-1 was observed in patients without deterioration 

of LVEF (P = 0.04). No difference in serum levels of theP

other studied biomarkers was found before and after six

months of RVP (Figure 3). The ROC analysis showed an

AUC of 0.79 for Gal-3 and 0.71 for ST2-IL relative to the 

prediction of a decline in LVEF ≥5% (Figure 4). Gal-3 serum 

concentrations ≥8.88 ng/ml were 100% sensitive and 61% 

specific, with a positive predictive value of 45%, a negative 

predictive value of 100%, and an accuracy of 72%; ST2-IL

concentrations ≥19 ng/ml showed 90% specificity and 

52% specificity, with a positive predictive value of 38%,

a negative predictive value of 94%, and an accuracy of 71%

for detection of patients with a decline in LVEF ≥5% after 

six months of RV pacing.

In the HBP group, patients with higher baseline 

Gal-3 (>8.88 ng/ml) and ST2-IL (>19 ng/ml) levels did not 

differ in LVEF change after 6 months of follow-up in com-

parison to patients with lower baseline Gal-3 and ST2-IL

levels (LVEF change 1 vs. 1% and 1 vs. 1%; P = 0.66 and 

P = 0.72, respectively).

DISCUSSION
This study compared the effect of His bundle pacing and 

RV myocardial pacing on LVEF in patients at high risk of 

pacing-induced cardiomyopathy. Also, this is the first trial 

studying fibrosis biomarkers in patients with pacemak-

A B
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Figure 2. Comparison of serum levels of ST2-IL, TIMP-1, MMP-9, galectin 3, and TGF-β1 at baseline and after six months of pacing in the HBP 

vs. RVP groups per as-treated analysis

*P <0.05. **P P <0.01P

Abbreviations: MMP-9, matrix metalloproteinase-9; ST2-IL, suppression of tumorigenicity 2 interleukin; TGF-β1, transforming growth 

factor β1; TIMP-1, tissue inhibitor of metalloproteinase-1; other — see Central illustration



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 a478

Baseline

**

0

5

10

15

D180

M
ea

n,
 n

g/
m

l; 
95

%
 C

l
Galectin 3

*

Baseline

***

0

10

30

40

D180

M
ea

n,
 n

g/
m

l; 
95

%
 C

l

ST2–IL

*

20

**

Baseline

P = 0.89

0

500

1500

D180

M
ea

n,
 n

g/
m

l; 
95

%
 C

l

MMP–9

P = 0.11

1000

Baseline

P = 0.76

0

100

250

D180

M
ea

n,
 n

g/
m

l; 
95

%
 C

l

TIMP

P = 0.77

200

50

150

*

Baseline

P = 0.31

0

20

40

D180

M
ea

n,
 n

g/
m

l; 
95

%
 C

l

TGF-β1

P = 0.74

10

30

Figure 3. Comparison of serum levels of galectin 3, ST2-IL, MMP-9, TIMP-1, and TFG-β1 before implant and after six months of pacing in 

patients with RVP and preserved LVEF vs. patients with reduced LVEF by ≥5%

Abbreviations: see Central illustration and Figure 2

A B

C D

E



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 479

Jan Mizner et al., Comparison of His bundle pacing versus right ventricular pacing

AUC = 0.79; 95% CI. 0.653–0.927
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ers. We showed that the adverse effect on LV function with 

a LVEF decline of ≥5% after pacing was not uncommon 

and affected almost one-third of patients with RV pacing, 

with LVEF falling below 45% in 17% of patients in that 

group. On the other hand, HBP preserved LV function in

all patients. We also showed that initiation of permanent 

cardiac pacing resulted in changes in the serum levels of 

some of the studied biomarkers, with serum TGF-β1 levels

reflecting different ventricular activation during HBP and 

RVP. Lastly, patients with a decline in LVEF of ≥5% due

to non-physiological RV pacing had significantly higher 

serum levels of Gal-3 and ST2-IL than patients with a <5%

decline in LVEF, both at the baseline and after six months

of RV pacing.

HBP vs. RVP 

His bundle pacing is well established, and guidelines sup-

port the treatment option in selected patients with brady-

cardia [9]. However, data from randomized trials supporting 

its use in a wider spectrum of patients are missing. So far,

only one randomized trial comparing His bundle pacing to 

right ventricular septal pacing in patients with conduction 

disease has been published [10]. It used a crossover design, 

with HBP and RV pacing being utilized in the same patients 

for 12 months, and the number of randomized patients 

was small. Moreover, the studied population differed 

from our group, e.g., it only had patients with narrow QRS 

complexes (the average was 93 ms), and most were with-

out coronary artery disease. The study showed that HBP 

preserved LVEF and ventricular synchrony better than right 

ventricular septal pacing, which resulted in a significant

decline in LVEF (mean decline of 4 ± 1%). A similar level of 

LVEF deterioration during RVP occurred in a shorter period 

in our study; possibly reflecting the higher risk profile of 

our patients. Coronary artery disease was present in one-

third of our patients, and the average QRS duration was

126 ms; both have been associated with higher risk of 

adverse LV remodeling during pacing [1]. Considering the 

relationship between the severity of the LVEF decline and

the duration of non-physiological RV pacing, it is possible 

that the difference in LVEF between HBP and RVP patients 

would be even greater with a longer follow-up. In our study,

a ≥5% decrease in LVEF was seen only in patients with RV 

pacing. Although a 5% decline in LVEF could be considered 

clinically negligible, it was previously shown that patients

who demonstrate a slight decrease in LVEF soon after the 

pacemaker implantation were at the highest risk of further

PICM [11]. PICM is often defined as a decline in LVEF of more 

than 10% and/or LVEF <50% [1]. Using this definition, 20 % 

of patients in our high-risk population developed PICM 

after six months of pacing. This agrees with the numbers 

reported by other investigators; however, PICM occurred 

later after pacemaker implantation than in our study [1].

The difference in serum levels of studied cytokines 

between HBP and RVP

In patients with bradycardia and pacemaker implantation, 

we studied serum levels of collagen metabolism and fibro-

sis biomarkers, which were already shown to play a role

in adverse ventricular remodeling in different clinical sce-
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narios [12–15]. Right ventricular myocardial pacing leads 

to non-physiological ventricular activation with adverse 

remodeling and LVEF deterioration in some patients [7]. 

These changes should be reflected in serum levels of bio-

markers of fibrosis although they have yet to be studied in 

patients with pacemakers. We showed that cardiac pacing 

(HBP or RVP) led to a decline in the serum levels of some of 

the studied cytokines; however, after six months of pacing, 

the groups differed only in the levels of TGF-β1. TGF-β1 is 

a pleiotropic cytokine critically involved in cardiac injury, 

repair, remodeling, and fibrogenesis. It also exerts potent 

matrix-preserving actions by suppressing the activity of 

MMPs and by inducing the synthesis of protease inhibitors, 

such as TIMP-1. Elevated TGF-β1 levels in experimental vivo 

models of heart failure were associated with increased 

myocardial stiffness, fibrosis, and LV diastolic dysfunction 

[16]. We found that TGF-β1 declined after the institution 

of HBP but remained the same in RVP patients. This may 

reflect normalization of atrioventricular synchrony with 

truly physiological ventricular activation in HBP patients 

[17]. In RVP patients, AV synchrony was also normalized, 

but at the cost of non-physiological ventricular activation 

due to RV pacing, which is associated with worsening LV 

diastolic function [18].

New pacing strategies, such as His bundle pacing and 

left bundle branch area pacing, reduce the risk of adverse 

LV remodeling and heart failure in bradycardia patients [3, 

19]. However, because they are more complex, the tech-

niques may be best suited for those with the highest risk 

of LVEF deterioration after RVP. This remains a challenge 

because we still cannot accurately predict which patients 

will have a decline in LVEF due to RVP. Our theory was that 

the detrimental effect of RVP would be seen mostly in 

patients susceptible to the harmful effect of RV pacing, i.e., 

with pre-existing conditions, such as increased myocardial 

fibrosis, which could be reflected in serum levels of studied 

biomarkers. Therefore, we compared these biomarkers 

in patients with an LVEF decline of ≥5% vs. those with 

preserved LVEF during RVP (i.e., <5%). The only cytokines 

that showed different preimplant levels were Gal-3 and 

ST2-IL, both known as prognostic biomarkers in heart 

failure patients and involved in collagen metabolism and 

ventricular remodeling [14, 15]. Data on their significance 

in patients with pacemakers are scarce. However, it was 

already shown that higher preimplant Gal-3 levels were 

negatively associated with response to cardiac resynchro-

nization therapy and higher levels of myocardial fibrosis 

in ventricular myocardium, as seen on preimplant cardiac 

magnetic resonance [20]. It is possible that increased levels 

of Gal-3 and ST2-IL in our patients with a more significant 

decline in LVEF during RVP reflected a higher degree of 

pre-implant myocardial fibrosis, which led to a more del-

eterious effect of RV pacing on LV performance. On the 

other hand, patients without significant myocardial fibrosis 

have a greater ability to compensate for dyssynchronous 

ventricular activation during RVP while maintaining LVEF. 

Limitations

This was a single-center study with echocardiographic fol-

low-up restricted to six months, which prohibited tracking 

LVEF changes and clinical outcomes over a more extended 

period. Potential bias could have been present during the 

evaluation of echocardiographic measurements. Although 

the evaluator was blinded to the randomization of patients 

to the studied groups, the position of the pacing lead in 

the His bundle or RV septal region could be seen during 

the evaluation. An LVEF decline of 5%, which was used to 

compare groups, is relatively small and difficult to measure 

precisely, especially in patients with LV dyssynchrony due 

to pacing. The burden of ventricular pacing was taken from 

the programmer’s printouts, and we did not study the inci-

dence of fused pacing beats during Holter-ECG monitoring, 

which could lead to a higher burden of ventricular pacing 

as was, in fact, present. Finally, the number of patients in 

the RVP group and, more specifically, those with a decline 

in LVEF after pacing was small, preventing more robust 

conclusions about the PICM prediction based on specific 

levels of studied molecules. 

CONCLUSIONS
In patients at high risk of PICM, right ventricular pacing led 

to a decline in LVEF compared to His bundle pacing, which 

preserved LV function after six months of pacing. Gal-3 and 

ST2-IL have the potential to better identify patients in 

whom right ventricular pacing does not pose a significant 

risk. Further studies with more patients, longer follow-up, 

and clinical endpoints are needed to verify their predictive 

value relative to pacing-induced cardiomyopathy.
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A B S T R A C T

Background: The evidence on performing minimally invasive coronary artery surgery early after 

drug-eluting stent (DES) implantation due to acute coronary syndrome (ACS) is limited.

Aim: The study aimed to determine the safety and feasibility of this approach.

Methods: This registry included 115 (78% male) patients treated from 2013 to 2018, who under-

went non-left anterior descending (LAD) percutaneous coronary intervention (PCI) due to ACS with 

contemporary DES implantation (39% diagnosed with myocardial infarction at baseline), followed 

by endoscopic atraumatic coronary artery bypass (EACAB) surgery within 180 days, after temporary 

P2Y
12

 inhibitor discontinuation. Primary composite endpoint of MACCE (major adverse cardiac and 

cerebrovascular events), defined as death, myocardial infarction (MI), cerebrovascular incident, 

and repeat revascularization was evaluated in long-term follow-up. The follow-up was collected via 

a telephone survey and in line with National Registry for Cardiac Surgery Procedures.

Results: The median (interquartile range [IQR]) time interval separating both procedures was 

100.0 (62.0–136.0) days. Median (IQR) follow-up duration was 1338.5 (753.0–2093.0) days and was 

completed for all patients with regard to mortality. Eight patients (7%) died; 2 (1.7%) had a stroke; 

6 (5.2%) suffered from MI, and 12 (10.4%) required repeat revascularization. Overall, the incidence 

of MACCE was 20 (17.4%).

Conclusions: EACAB is a safe and feasible method of LAD revascularization in patients who received 

DES for ACS within 180 days before surgery despite early dual antiplatelet therapy discontinuation. 

The adverse event rate is low and acceptable.
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W H A T ’ S  N E W ?
The evidence on use of the surgical approach after temporary withdrawal of dual antiplatelet therapy in patients who received 

drug-eluting stent (DES) for acute coronary syndrome treatment is limited. In the current study, we evaluate a cohort of patients 

who underwent percutaneous revascularization for acute coronary syndrome and were referred for endoscopic, atraumatic cor-

onary artery bypass grafting (EACAB) as a second stage of revascularization in a maximal time interval of 180 days. The occurence 

of the composite endpoint of MACCE (major adverse cardiac and cerebrovascular events), defined as death, myocardial infarction, 

cerebrovascular incident, and repeat revascularization was evaluated. Despite temporary withdrawal of P2Y
12

 inhibitor before 

surgery, the long-term outcomes were satisfactory in this group, presenting a 17.4% occurrence rate of MACCE in a median 

follow-up of 1338.5 days (3.7 years). As such, EACAB is a safe and feasible method of revascularization in patients who received 

DES within 180 days before the surgery.

INTRODUCTION
The definition of hybrid coronary revascularization is not 

well established, but it surely addresses the initially planned 

strategy of performing concomitant or staged surgical 

and percutaneous revascularization. When considering 

the hybrid strategy, most studies refer to sternal-sparing 

surgical procedures, such as minimally invasive direct 

coronary artery bypass grafting (MIDCAB), endoscopic 

atraumatic coronary artery bypass grafting (EACAB), or 

totally endoscopic coronary artery bypass grafting (TECAB). 

Some reports consider traditional full-sternotomy OPCAB 

(off-pump coronary artery bypass grafting) surgery with 

full sternotomy as a stage of planned hybrid procedure 

as well. Although the definition of hybrid treatment is un-

clear, there is a group of patients that seems to be beyond 

its scope.

In many acute coronary syndrome cases (ACS), particu-

larly myocardial infarction (MI), direct revascularization of 

the infarct-related artery is of the highest priority. Those 

patients often undergo successful percutaneous treatment. 

The procedure is urgent, and it is acceptable not to gather 

a Heart Team to treat the target lesions. Other arteries with 

significant stenosis need a decision on a further strategy.

If complementary left anterior descending (LAD) 

revascularization is required, those subjects may be re-

ferred to a cardiac surgeon for minimally invasive bypass 

grafting with the use of the left internal thoracic artery 

(LITA). In such cases, a decision to merge percutaneous 

and surgical procedures is made after the first stage of 

treatment. However, such a strategy requires temporary 

P2Y
12

 inhibitor withdrawal, which still generates doubts 

regarding increased perioperative and long-term risk of 

adverse cardiovascular events.

Clinical guidelines underline the efficacy of coronary 

artery bypass grafting (CABG) as a treatment for multivessel 

coronary artery disease and the essential role of LITA-LAD 

(left internal thoracic artery-left anterior descending) by-

pass graft [1]. This role was the basis for the development 

of minimally invasive approaches, such as EACAB. 

It must be noted that the classic CABG procedure has 

its drawbacks. Firstly, saphenous vein grafts have limited 

patency and may be inferior to new-generation drug-elut-

ing stents. Furthermore, the risk of various wound com-

plications associated with sternotomy is estimated at 

0.4%–8.0% [2–4]. A minimally invasive approach may 

reduce morbidity, pain, scarring, and recovery time when 

compared to classic bypass grafting with sternotomy. The 

EACAB procedure with the use of endoscopic internal 

thoracic artery harvesting provides optimal quality and 

long-term patency of LITA-LAD grafts [5].

When a significant lesion is diagnosed in the LAD 

during percutaneous revascularization of other arteries, 

which are infarct-related, the proper timing of surgical LAD 

treatment remains a matter of debate. Some studies refer-

ring to hybrid revascularization report  an interval of a few 

hours separating the procedures as optimal while others 

consider a 180-day interval acceptable [6]. However, no 

reports refer to hybrid revascularization of acute coronary 

syndrome cases. Regardless, early temporary withdrawal 

of the P2Y
12

 inhibitor is required for the surgical stage 

of revascularization.

This study aimed to determine the safety and feasibil-

ity of minimally invasive coronary artery bypass surgery 

early after drug-eluting stent implantation due to acute 

coronary syndrome.

METHODS 

Patients

Consecutive patients initially hospitalized in our center 

(Center of Cardiology and Cardiac Surgery, American 

Heart of Poland, Bielsko-Biała) for ACS in the years 2013– 

–2018 were eligible for treatment and retrospective analysis 

if they had met several criteria based on the Heart Team 

assessment. First, the arterial anatomy and distribution of 

lesions were verified by both a cardiologist and a cardiac 

surgeon (LAD needed to be suitable for bypass grafting and 

other diseased arteries for PCI). Furthermore, patients were 

eligible for endoscopy-assisted CABG based on anatomy 

(severe obesity excludes patients) and medical course 

(patients with pleural adhesions, after chest radiation, and 

with severe respiratory disease and no option to ventilate 
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only one lung were excluded). Notably, in acute MI, Heart 

Team’s assessment was not mandatory for the treatment of 

infarct-related artery; in those cases, Heart Team consulta-

tion following the percutaneous procedure was acceptable. 

Consent for surgical treatment was required at the time 

of the assessment by the Heart Team. Finally, the urgency 

of LAD revascularization was taken into consideration; 

we aimed to continue dual antiplatelet therapy without 

interruption for at least 2 months (preferably 3 months, if 

possible). In all other cases, different revascularization op-

tions were considered. Every case was treated individually 

to choose the optimal protocol for each patient. 

The acceptable maximal time interval separating 

both procedures was 180 days. Consequently, patients 

who exceeded this timeframe were excluded from the 

analysis. Patients who underwent revascularization of 

LAD as an ACS-related artery or an unsuccessful attempt 

at LAD revascularization as a single procedure or did not 

receive drug-eluting stents (DES) for non-LAD revascular-

ization were excluded. There were no further exclusion 

criteria, as both the number of treated vessels and device 

selection are highly dependent on the patient and the 

procedure itself.

Procedures

Percutaneous revascularization: percutaneous revascu-

larization of the acute coronary syndrome-related artery 

was conducted in a hemodynamic room, urgently after 

admission to the cardiac department. All the patients had 

significant LAD stenosis based on angiography, which 

was evaluated by the entire Heart Team. The decision on 

whether to proceed with functional assessment of the 

LAD stenosis was based on Heart Team consultation. In 

the entire cohort, 22 (19.1%) patients had fractional flow 

reserve (FFR)/instantaneous wave-free ratio (iFR) confirm-

ing LAD stenosis. 

EACAB surgery: each patient underwent EACAB surgery 

with the use of a thoracoscope for internal mammary 

harvesting and left anterolateral mini-thoracotomy for 

LITA-LAD anastomosis. After entering the operating room 

and induction of anesthesia, each patient was intubated 

with a double-lumen endotracheal tube. After positioning 

(the patient was slightly elevated on the left side with a sus-

pension of the left arm), single right lung ventilation was 

initiated. The 3rd (anterior axillary line), 5th (medial axillary 

line), and 7th (anterior axillary line) intercostal spaces were 

used for port introduction. The LITA was harvested using 

a harmonic blade (Ethicon, Bridgewater, NJ, US) under 

endoscopic vision (Karl Storz, Tuttlingen, Germany). Before 

LITA clipping, heparin was given in a dose of 1.5 mg/kg. 

Target-activated clotting time (ACT) was 200–300 sec-

onds. Left anterolateral mini-thoracotomy was made to 

expose the  LAD. The LITA-LAD anastomosis was made 

using a continuous 8.0 Prolene suture during epicardial 

LAD stabilization (Octopus Nuvo stabilizer; Medtronic, 

Minneapolis, MN, US).

Procedure hospitalization 

Percutaneous procedure: Blood pressure, saturation, elec-

trocardiogram, and diuresis monitoring were conducted 

for 24 hours after the procedure. Dual antiplatelet therapy 

was initiated before the stenting procedure, and P2Y
12

 an-

tagonists were used obligatorily. Echocardiography was 

performed before (if possible) and after the procedure. The 

patient was usually discharged two or three days following 

an uncomplicated procedure.

Surgical procedure: No control coronary angiography was 

performed routinely after the percutaneous procedure. 

Clopidogrel or ticagrelor were withdrawn 5 or 3 days before 

the surgical treatment, respectively. None of the patients 

received prasugrel. No heparin bridging therapy was 

administered routinely. However, in case of need for oral 

anticoagulation, the patients were switched to a low-molec-

ular-weight heparin instead of their oral medication 7 days 

before surgery. Aspirin treatment was not discontinued 

before surgery. The EACAB procedure was performed on 

the second day following admission to the hospital. After 

surgery, constant invasive blood pressure, saturation, elec-

trocardiogram (ECG) diuresis, and drainage monitoring was 

conducted for 48 hours. Dual antiplatelet therapy was initi-

ated on the first day following surgery and maintained for 

at least one year from the percutaneous procedure. A chest 

X-ray was done after surgery and after 24 hours following 

surgery after removal of the chest tube. Control echocardi-

ography was performed 48 hours after the procedure and 

whenever it was indicated in accordance with the patient’s 

clinical status. The patients were discharged to the rehabil-

itation department for rehabilitation and 30-day follow-up.

Follow-up

On their admission to the hospital, the patients gave their 

consent for data processing and long-term follow-up eval-

uation as a part of quality assessment for hospital recogni-

tion purposes. Therefore, a telephone survey database was 

created and analyzed to assess the outcome and primary 

endpoint in this group of patients. Whenever the patient 

was unavailable, a person authorized by the patient was 

contacted. In addition, the National Registry for Cardiac 

Surgery Procedures.  was checked to obtain 100% follow-up 

regarding mortality.

Research ethics board consent

No formal ethical approval was necessary for the quan-

titative part of the study. The report was a dataset anal-

ysis, the data were readily available and did not include 

any interventions for the patients or participants. The 

patients gave their permission for data processing for 

clinical and scientific purposes upon their admission 

to the hospital.

Primary endpoints

Progression towards the composite endpoint of MACCE 

(major adverse cardiac and cerebrovascular events), de-
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fined as death, MI, stroke, and repeat revascularization, 

was evaluated through both hospitalization and long-term 

follow-up. 

Secondary endpoints 

Secondary endpoints included hospitalization complica-

tions (atrial fibrillation; kidney injury which was defined in 

accordance with RIFLE [Risk, Injury, Failure, Loss of kidney 

function, and End-stage kidney disease] classification cri-

teria as 2-fold postoperative creatine raise; fall in ejection 

fraction; cardiac biomarker release after surgical treatment).

Statistical analysis

The data were presented as numbers (percentages) or 

medians (interquartile range [IQR]). The chi-square test was 

used for categorical data comparison. Kaplan-Maier curves 

for MACCE and its components were used to determine 

mortality and morbidity in the long-term follow-up. The 

log-rank test was used to compare Kaplan-Meier estimates 

in subgroups. The P-value <0.05 was considered to be sta-

tistically significant. The data were analyzed using MedCalc 

v.18.5 (MedCalc Software, Ostend, Belgium).

Data availability statement 

The data discussed in this article will be shared on reason-

able request to the corresponding author.

RESULTS
In the years 2013–2018, there were 2364 unstable angina 

hospital admissions, 1841 non-ST-segment elevation MI  

(NSTEMI) admissions, and 998 ST-segment elevation  

MI (STEMI) admissions. Among those cases, 1257 unstable 

angina patients (53.2%), 1196 NSTEMI cases (64.9%), and 

513 (51.4%) STEMI cases had significant LAD stenosis 

treated invasively (2966 cases). The current study reports 

on 3.9% of those patients.

The patient baseline characteristics were typical of 

a population with multivessel coronary artery disease 

(Table 1). All of them underwent percutaneous ACS tar-

get vessel revascularization and received drug-eluting 

stents. Before EACAB surgery, a median left ventricular 

ejection fraction was 55% (Table 2).

We did not notice any cases of MI, stroke, or death 

between the procedures in the analyzed group. However, 

two patients were hospitalized for NSTEMI while being 

on the list for EACAB, which caused a change in the initial 

strategy and their referral to other treatments whereby they 

were excluded from further analysis (this study addressed 

the safety and feasibility of EACAB surgery). Although no 

control coronary angiography was performed routinely 

between the procedures, in three cases it was done due to 

clinical symptoms. It confirmed significant LAD stenosis in 

all patients. However, the strategy remained unchanged, 

and those patients received surgery as planned.

During the surgical procedure, each patient received 

a LITA-LAD graft. Perioperatively, three patients required 

Table 1. Patient characteristics

Baseline patient characteristics n = 115

Male sex, n (%) 90 (78)

Female sex, n (%) 25 (22)

Age, years, median (IQR) 63.0 (57.0–70.0)

Acute coronary syndrome: STEMI, n (%) 23 (20)

Acute coronary syndrome: NSTEMI, n (%) 22 (19.1)

Acute coronary syndrome: unstable angina, n (%) 70 (60.9)

Percutaneous target vessel (non-LAD) revasculari-

zation for ACS, n (%)

115 (100)

More than one vessel treated, n (%) 8 (6.9)

Number of implanted drug-eluting stents,  

median (IQR)

1.0 (1.0–2.0)

Treated artery

Circumflex/obtuse margin, n (%) 49 (42.6)

Right coronary artery, n (%) 68 (59.1)

Intermediate branch, n (%) 4 (3.5)

Diagonal branch, n (%) 2 (1.7)

Diabetes, n (%) 32 (27.8)

Insulin therapy, n (%) 15 (13)

Arterial hypertension, n (%) 105 (91.3)

Hypercholesterolemia, n (%) 98 (85.2)

Active smoking, n (%) 41 (35)

Asthma, n (%) 2 (1.7)

Chronic obstructive pulmonary disease, n (%) 2 (1.7)

Renal insufficiency, n (%) 5 (4.3)

History of stroke/TIA, n (%) 9 (7.8)

Atrial fibrillation, n (%) 3 (2.6)

Obesity, n (%) 25 (21.7)

BMI, kg/m2, median (IQR) 27.78 (25.65–30.70)

Abbreviations: ACS, acute coronary syndrome; BMI, body mass index; LAD, left an-

terior descending; NSTEMI, non-ST-segment elevation myocardial infaction; STEMI, 

ST-segment elevation myocardial infarction;TIA, transient ischemic attack

Table 2. Echocardiographic parameters before EACAB

Patient characteristics n = 115

EF, %, median (IQR) 55.0 (45.0–60.0)

LA, mm, median (IQR) 39.0 (36.0–42.0)

LV ESD, mm, median (IQR) 35.0 (30.0–38.0)

LV EDD, mm, median (IQR) 52.0 (48.0– 6.0)

PW, mm, median (IQR) 10.0 (10.0–12.0)

IVS, mm, median (IQR) 11.25 (10.0–12.0)

RV, mm, median (IQR) 26.0 (24.0–29.0)

Abbreviations: EACAB, endoscopic atraumatic coronary artery bypass grafting; EF, 

ejection fraction; IVS, intraventricular septum; LA, left atrium; LV EDD, left ventricular 

end-diastolic diameter; LV ESD, left ventricular end-systolic diameter; RV, right ventricle

chest revision for bleeding. Other complications were few. 

They mostly included pleurocentesis and atrial fibrillation 

(AF) (Table 3). 

Two deaths (1.7%) and two (1.7%) repeat LAD revascu-

larization procedures were reported in the perioperative 

period. Seventeen patients (14.8%) were lost to long-term 

follow-up. In total, 8 patients (7%) died (follow-up regarding 

mortality is complete), 6 (5.2%) suffered from MI, repeat 

target vessel revascularization was performed in 12 (10.4%) 

cases, and 2 patients (1.7%) had a stroke (Tables 4 and 5, 

Figure 1). Notably, two late LAD revascularization proce-

dures were required due to LITA-LAD graft malfunction 

and one due to a new stenosis distally from the graft.  
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Overall primary composite endpoint of MACCE was estimat-

ed at 17.4% (Table 4, Figure 1). Six patients (5.2%) underwent 

coronary angiography due to suspicion of critical stenosis, 

but no intervention was required. 

When comparing diabetic to non-diabetic cases, 

patients with diabetes had a significantly higher MI prev-

alence during the follow-up (15.6% vs. 1.2%; P = 0.002) 

(Table 5). Patients with no diagnosis of arterial hypertension 

(and thus limited HA-dedicated treatment) had a signifi-

cantly higher incidence of MACCE during follow-up (15.2% 

vs. 40%; P = 0.049) (Table 5).

Although we did not show the impact of baseline MI 

on mortality following EACAB surgery or composite MACCE 

endpoint, a trend towards an increase of adverse events in 

this group was visible (Figure 2).

DISCUSSION
As evidence on using the surgical approach after tempo-

rary withdrawal of dual antiplatelet therapy in patients 

who received  DES for ACS treatment is very limited, the 

current study provides reliable data on this matter and has 

the longest follow-up.

Despite all disadvantages of surgical treatment, in mul-

tivessel coronary disease, CABG confers a long-term surviv-

al benefit over PCI-DES because of achieving higher rates of 

complete revascularization [7]. This should be considered 

when adjusting the treatment to patients’ needs. Hybrid 

revascularization must provide the advantages of both 

techniques while achieving complete revascularization.

Although reported treatment cannot be presented 

as a planned hybrid strategy per se, its final long-term 

efficacy needs to be studied in comparison to hybrid pro-

cedures. The impact of initial acute coronary syndrome and 

consequences of early temporary discontinuation of dual 

antiplatelet therapy can only be discussed when studies of 

planned hybrid revascularization procedures with none of 

those factors are taken into comparative analysis. 

Adams et al. [8] reported the five-year clinical outcome 

for one-stage hybrid coronary revascularization — they 

demonstrated 91% survival, 94% freedom from angina, 

and 87% freedom from any form of coronary intervention, 

which is quite similar to our results. Other studies report 

88.5% survival at 5 years and 76% at 10 years, with only 10% 

of patients requiring repeat revascularization [9, 10]. Our 

analysis confirms satisfactory outcomes and low MACCE 

rates. From the clinical perspective, it is important to note 

that the LITA-LAD procedure reduces the need for future 

revascularization in the non-LAD vessels while providing 

long-term relief from angina episodes [11].

The LITA-LAD anastomosis has been shown to be more 

durable than other arterial and vein grafts as well as cor-

onary stents for treatment of LAD disease, with patency 

rates >90% at 5-year follow-up [2, 11, 12]. During the fol-

low-up evaluation, we noticed only two incidents of repeat 

LAD revascularization due to graft failure. When internal 

thoracic artery (ITA) graft failure occurs, a technical error is 

the most common cause in the early postoperative period. 

In the subsequent weeks and months, localized neointimal 

hyperplasia may occur at the cleft between the native 

artery and the ITA graft at the anastomotic suture site, on 

the hood, and on the floor of the native LAD, which can 

result in localized stenosis [13, 14]. The rate of diagnosed 

graft failures in our report is low and acceptable.

Six incidences of MI were reported in the long-term 

follow-up (5.2%). Furthermore, we reported no MI perioper-

atively. Recent metanalysis concludes that 3.2% of patients 

Table 3. Procedural aspects of EACAB surgery

EACAB procedure, number of patients, n (%) 115 (100)

Time interval separating both stages, days,   

median (IQR)

100.0 (62.0–136.0)

LITA-LAD, n (%) 115 (100)

Chest revision, n (%) 3 (2.6)

Perioperative AF, n (%) 12 (10.4)

Renal injury (RIFLE classification  

— creatinine × 2), n (%)

4 (3.5)

PRBC transfusion, n (%) 11 (9.6)

>2 units of PRBC, n (%) 4 (3.4)

Pleurocentesis, n (%) 16 (13.9)

Perioperative EF, %, median (IQR) 50.0 (50.0–55.0)

Abbreviations: LAD, left anterior descending artery; LITA, left internal thoracic 

artery; PRBC, packed red blood cells; RIFLE, classification for renal failure (risk, injury, 

failure, loss of function, end-stage disease); other — see Table 2

Table 4. Long-term follow-up analysis

Number of patients, n (%) 115 (100)

Follow-up time, days from EACAB, median (IQR) 1338.5 (753.0–2093.0)

Follow-up completion for mortality, n (%) 115 (100)

Follow-up completion for other endpoints, n (%) 98 (85.2)

Overall MACCE (including mortality), n (%) 20 (17.4)

MACCE perioperative observation, n (%) 4 (3.5)

MACCE long-term observation, n (%) 16 (13.9) 

Mortality (100% follow-up), n (%) 8 (6.9)

Mortality perioperative observation, n (%) 2 (1.7)

Mortality long-term observation, n (%) 6 (5.2)

Myocardial infarction, n (%) 6 (5.2)

Perioperative observation 0

Long-term observation, n (%) 6 (5.2)

Overall repeat revascularization in treated 

arteries, n (%)

12 (10.4)

Repeat revascularization, LAD, n (%) 5 (4.3)

Perioperative observation, n (%) 2 (1.7)

Long-term observation, n (%) 3 (2.6)

Repeat revascularization, non-LAD, n (%) 7 (6.1)

Perioperative observation 0

Long-term observation, n (%) 7 (6.1)

PCI in other coronary arteries, n (%) 2 (1.7)

Coronary angiography with no intervention, n (%) 6 (5.2)

Stroke, n (%) 2 (1.7)

Perioperative observation 0

Long-term observation, n (%) 2 (1.7)

Abbreviations: CCS, Canadian Cardiovascular Society grading for angina; MACCE, 

major adverse cardiac and cerebrovascular events (death, myocardial infarction, 

cerebrovascular incident and repeat target vessel revascularization); PCI, percuta-

neous coronary intervention; other — see Table 2
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treated with hybrid coronary revascularization (HCR) suf-

fered from MI compared with 2.6% of patients undergoing 

CABG, with no statistical significance [15]. The low rate of 

MI may be a result of not only the revascularization strategy 

but also adequate timing of both procedures. 

From the obtained follow-up, 12 patients required ur-

gent repeat target vessel revascularization; 7 (6.1%) of them 

were in DES-treated arteries. This result is satisfactory, but 

further observation may be crucial, as some studies report 

21% DES-treated vessel failure at 5-year follow-up [12]. As 

mentioned previously, some cases of restenosis may remain 

undiagnosed, as angina may not be present due to patent 

LITA-LAD anastomosis [11].

We diagnosed no stroke in the perioperative period and 

two cases of stroke during the follow-up. A low incidence 

of cerebrovascular episodes is considered a significant 

advantage of the minimally invasive approach, as cardio-

pulmonary bypass and aortic manipulation during CABG 

create a direct danger and may cause stroke. In a recently 

published analysis, the incidence of cerebrovascular events 

in the HCR group was 0.9% compared with 1.4% in CABG 

patients [15]. In general, the risk of stroke after CABG varies 

across studies ranging from 0.0 % to 5.2 %, depending on 

study design, patient risk profile, operative techniques, and 

the length of study follow-up [16, 17]. A cerebrovascular 

incident following CABG remains one of the most devastat-

ing complications after CABG surgery, entailing permanent 

disability and a 3–6 fold increase in the risk of death with 

a case-fatality rate of up to 20% [18–19].

Kidney injury and failure following coronary artery 

bypass grafting are concerning. The injury following the 

surgery is the second most common cause of acute kidney 

injury (AKI) in the intensive care setting (after sepsis) and is 

associated with increased morbidity and mortality [20]. It 

must be noted that the mortality rate (hospital discharge 

or 30-day mortality) is between 3.8% and 54.4% in patients 

who develop the injury and increases progressively with 

the degree of renal impairment. The 3.5% rate of kidney 

Table 5. Distribution of attributes in the groups defined by mortality, myocardial infarction, repeat revascularization, stroke, and composite 

endpoint during follow-up

Mortality

(n = 8)

Myocardial  

infarction

(n = 6)

Repeat revascula-

rization in treated 

arteries

(n = 12)

Stroke

(n = 2)

Composite endpoint  

(MACCE: death, stroke,  

repeat revascularization)

(n = 20)

Age, years 70.0

(59.5–76.2)

65.5

(63.0–70.0)

63.0

(58.0–69.0)

65.5 64.0

(58.5–70.2)

Diabetes mellitus

(32 patients at baseline)

4 (50%) 5 (83.3%) 2 (16.7%) 0 8 (40%)

Subgroup analysis: Diabetic vs.  

non-diabetica:

4/32 (12.5%) 

vs.

4/83 (4.8%)

P = 0.15

Diabetic vs.  

non-diabetica:

5/32 (15.6%) 

vs. 

1/83 (1.2%)

P = 0.002 

Diabetic vs.  

non-diabetica:

2/32 (6.25%)

vs.

10/83 (12%)

P = 0.36

Diabetic vs.  

non-diabetica:

0/32

vs.

2/83 (2.4%)

P = 0.39

Diabetic vs.  

non-diabetica:

8/32 (25%)

vs.

12/83 (14.5%)

P = 0.18

AH  

(105 patients at baseline)

6 (75%) 5 (83.3%) 10 (83.3%) 2 (100%) 16 (80%)

Subgroup analysis: AH vs. non-AHa: 

6/105 (5.7%)

vs.

2/10 (20%)

P = 0.09

AH vs. non-AHa:

5/105 (4.8%)

vs.

1/10 (10%)

P = 0.48

AH vs. non-AHa:

10/105 (9.5%)

vs.

2/10 (20%)

P = 0.30

AH vs. non-AHa:

2/105 (1.9%)

vs.

0/10 

P = 0.66

AH vs. non-AHa:

16/105 (15.2%)

vs.

4/10 (40%)

P = 0.049

Active smoking

(41 patients at baseline)

3 (37.5%) 2 (33.3%) 5 (41.7%) 0 8 (40%)

Subgroup analysis: Smokers vs. 

no-smokersa:

3/41 (7.3%) 

vs.

5/74 (6.7%)

P = 0.91

Smokers vs. 

no-smokersa:

2/41 (4.9%)

vs.

4/74 (5.4%)

P = 0.90

Smokers vs. 

no-smokersa:

5/41 (12.2%)

vs.

7/74 (9.5%)

P = 0.65

Smokers vs. 

no-smokersa:

0/41

vs.

2/74 (2.7%)

P = 0.29

Smokers vs. 

 no-smokersa:

8/41 (19.5%)

vs.

12/74 (16.2%)

P = 0.56

Male sex

(90 patients at baseline)

5 (62.5%) 4 (66.7%) 10 (83.3%) 1 (50%) 16 (80%)

Subgroup analysis: Male vs. femalea:

5/90 (5.6%)

vs.

3/25 (12%)

P = 0.26

Male vs. femalea:

4/90 (4.4%)

vs.

2/25 (8%)

P = 0.48

Male vs. femalea:

10/90 (11.1%)

vs.

2/25 (8%)

P = 0.65

Male vs. femalea:

1/90 (1.1%)

vs.

1/25 (4%)

P = 0.33

Male vs. femalea:

16/90 (17.8%)

vs.

4/25 (16%)

P = 0.84

Obesity 

(25 patients at baseline)

3 (37.5%) 3 (50%) 2 (16.7%) 0 5 (25%)

Subgroup analysis: Obese vs. 

non-obesea:

3 /25 (12%)

vs. 

5/90 (5.6%)

P = 0.26

Obese vs.  

non-obesea:

3/25 (12%)

vs. 

3/90 (3.3%)

P = 0.09

Obese vs.  

non-obesea:

2/25 (8%)

vs. 

10/90 (11.1%)

P = 0.65

Obese vs.  

non-obesea:

0/25

vs. 

2/90 (2.2%)

P = 0.45

Obese vs.  

non-obesea:

5/25 (20%)

vs. 

15/90 (16.7%)

P = 0.70

Data are presented as numbers (percentage) and medians (interquartile range). aχ2 test

Abbreviations: AH, arterial hypertension; other — see Table 4
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Figure 1. Kaplan-Meier curves for mortality (A), freedom from myocardial infarction (B), freedom from repeat revascularization (C), and free-

dom from MACCE (D) following EACAB surgery

Abbreviations: EACAB, endoscopic atraumatic coronary artery bypass grafting; MACCE, major adverse cardiac and cerebrovascular incidents 

(death, myocardial infarction, stroke, repeat revascularization); PCI, percutaneous coronary intervention

injury in the perioperative period is low and acceptable. 

However, some reports indicate that renal failure following 

a hybrid procedure is estimated at 1.7%, compared with 

2.6% in the CABG groups [15].

Atrial fibrillation is a very common complication af-ff

ter surgical procedures. There are multiple concepts for 

pathogenesis, but no clear evidence regarding triggers

for arrhythmia onset. Nonetheless, it worsens the postop-

erative state and prognosis and increases considerably the 

length of intensive care unit (ICU) stay and hospitalization 

as well as hospital costs [21, 22]. Seven studies examined 

the incidence of postoperative AF in the HCR group, and

the incidence of fibrillation was 17%, compared with 19.2% 

in the CABG group [15]. We report an even lower number 

of AF occurrences in the perioperative period, which ac-

cording to most reports, makes this method superior to

CABG in this context.

It has been reported that 22.8% of HCR patients receive

blood transfusion [15]. Our results are encouraging, as only

9.2% received blood products. However, this may be the 

result of the time interval separating both surgical and

percutaneous procedures, which could reach 180 days. Nar-

rowing the time interval would probably increase the rate 

of transfusion, as coronary angiography with angioplasty

may lower the blood parameters.

In a recent randomized trial comparing CABG, hybrid

coronary revascularization, and multivessel percutaneous 

intervention, residual myocardial ischemia and MACCE

were similar at 12 months [23]. Notably, more than one-half 

of the patients had prior MI (55.5%). The HCR patients had 

A B

C D
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Figure 2. Kaplan-Meier curves for mortality (A) and freedom from MACCE (B) with relation to preoperative acute coronary syndrome. The

P-values are for the log-rank test

Abbreviations: see Figure 1, Table 4

PCI within 3 days (in most cases at 24–48 hours) after un-

dergoing minimally invasive direct coronary artery bypass

(MIDCAB) LITA-LAD. The advantage of that protocol was 

assessing the early LITA-LAD patency. The coronary angio-

gram showed LITA thrombotic occlusion in 1 case (2.1%). 

Angiographic control at 12 months demonstrated 9 sa-

phenous vein grafts (SVGs) and 1 LITA stenosis/occlusion 

in the CABG group (10/49, 20.4%), 3 LITA stenoses/occlu-

sions and 1 in-segment restenosis in the HCR group (4/49, 

8.2%). A long-term follow-up is expected. The protocol 

for mandatory angiography provides some reasonable 

results regarding graft patency. However, invasiveness

of the procedure must be taken into consideration. Our 

follow-up protocol did not assume routine angiography 

in asymptomatic patients.

The MERGING clinical trial provided late clinical 

outcomes of myocardial hybrid revascularization versus

coronary artery bypass grafting for a three-vessel cor-

onary artery disease [24]. The percutaneous phase was 

performed 48–72 hours after withdrawal of the chest 

tubes and administering a loading dose of clopidogrel

(600 mg). The 2-year rate of major cardiovascular events

defined as death, MI, stroke, or repeat revascularization 

was evaluated. However, the authors noted that hybrid 

coronary revascularization was associated with increased 

rates of MACCE during 2 years of clinical follow-up while 

the control group treated with conventional surgery 

presented with low complication rates during the same 

period. The adverse events included mainly unplanned 

revascularization, whose rates increased over time in 

both groups, reaching 14.5% vs. 5.9% in the hybrid and

the CABG groups, respectively. The authors point out that 

the patients underwent two invasive procedures either 

simultaneously or within days. Also, iodine contrast and

antithrombotic medications (for the PCI step) were used 

in proximity to major surgery (the CABG step) so the min-

imally invasive nature of PCI is virtually canceled by the 

surgical procedure. In this matter, our study reports quite 

a different perspective, assuming that a longer interval

between both procedures may not necessarily worsen

the outcomes. As restenosis can result from several mech-

anisms including inflammation and oxidative stress [25], 

the beneficial effect of separating both procedures may

be hypothesized. Those factors are present in on-pump

as well as off-pump surgical procedures [26]. 

Study limitations

This study has its drawbacks: it was a single-center, ret-

rospective analysis with no control group. Furthermore, 

although follow-up regarding mortality was complete, only 

85.2% of follow-up data regarding MI, stroke, and repeat

revascularization were available. Coronary angiography 

was not performed routinely in patients with no symptoms. 

CONCLUSIONS
EACAB is safe and a feasible method of LAD revasculariza-

tion in patients who received DES for ACS within 180 days 

before surgery, despite early dual antiplatelet therapy

discontinuation. The adverse events rate in the long-term 

follow-up was low and acceptable. 
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A B S T R A C T

Background: Breathing pattern alterations change the variability and spectral content of the RR 

intervals (RRi) on electrocardiogram (ECG). However, there is no method to record and control partic-

ipants’ breathing without influencing its natural rate and depth in heart rate variability (HRV) studies.

Aim: This study aimed to assess the validity of the Pneumonitor for acquisition of short-term 

(5 minutes) RRi in comparison to the reference ECG method for analysis of heart rate (HR) and HRV 

parameters in the group of pediatric patients with cardiac disease. 

Methods: Nineteen patients of both sexes participated in the study. An ECG and Pneumonitor were 

used to record RRi in 5-minute static rest conditions, the latter also to measure the relative tidal vol-

ume and respiratory rate. The validation comprised Student’s t-test, Bland-Altman analysis, intraclass 

correlation coefficient, and Lin’s concordance correlation. The possible impact of respiratory activity 

on the agreement between ECG and the Pneumonitor was also assessed.

Results: An acceptable agreement for the number of RRi, mean RR, hazard ratio (HR), and HRV 

measures calculated based on RRi acquired using the ECG and Pneumonitor was presented. There 

was no association between the breathing pattern and RRi agreement between devices.

Conclusions: The Pneumonitor might be considered appropriate for cardiorespiratory studies in 

the group of pediatric cardiac patients in rest condition.
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INTRODUCTION
Heart rate variability (HRV), calculated based 

on consecutive RR intervals (RRi) between 

adjacent QRS complexes resulting from sinus 

node depolarizations [1], has been used to 

investigate cardiac autonomic responsiveness 

in various populations [2]. Importantly, HRV is 

affected by respiratory parameters [3–5]. The 

classical interpretation of the high frequency 

(HF) component of HRV as the vagal influence 

on the heart rate (HR) is flawed in subjects 

with 3–9 breaths per minute (breaths/min) 

[6]. The respiratory rate (RespRate) below 

6-7 breaths/min results in the respiration-re-

lated part of the spectrum being within (partly 

or totally) the low frequency (LF) band. Addi-

tionally, variability in respiratory period and 

mean tidal volume (TV) generates LF respira-

tory oscillations, even if the RespRate is within 

the HF band [7]. The highest value of the root 

mean square of successive RRi differences 

(RMSSD) was obtained at 7 breaths/min [8]. 

On the other hand, in populations known to 

breathe faster — more than 24 breaths/min 

— a wider than generally recommended [1] 

frequency bands for HF should be set [9, 10]. 

Despite the evidence that the respiratory 

alterations change the variability and the 
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W H A T ’ S  N E W ?
This article describes the validity assessment of a research device — Pneumonitor — for the simultaneous acquisition of sin-

gle-lead electrocardiogram (ECG) and impedance-based respiratory activity from the same set of electrodes. It enables to derive 

RR intervals (RRi) along with instantaneous frequency and depth of breathing. Importantly, the two latter signals can be directly 

measured as changes in trans-thoracic impedance and are not solely derived from ECG or photoplethysmography. Both pieces 

of information can be utilized to perform heart rate variability (HRV) analysis supported not only by assessment of RRi stationarity 

(requirement for the frequency domain calculations) but also by assessment of respiratory stationarity and the activity itself (e.g. 

HRV analysis can be distorted by a too slow breathing pattern). The assessment was performed in the specific clinical context, in 

pediatric cardiac patients, and demonstrated an acceptable agreement of RRi and HRV with the reference device.

spectral content of the RRi, there is no optimal method to 

record and control breathing without influencing its natural 

pattern in HRV studies [4, 11]. 

The electrocardiogram (ECG) is a gold standard for RRi 

acquisition [1] but can be also used to derive the RespRate 

[12]. ECG-derived respiration might avoid the potential 

influence of masks or belts on breathing parameters. How-

ever, costs of multi-lead ECG recorders and Holter monitors, 

their limited portability, and limited stationarity of signal 

acquisition during activities reduce their practical utility in 

real-world settings [13]. 

Recently, new convenient wearable devices have 

been developed to record parameters in cardiovascular 

populations more easily, quickly, and with increased fre-

quency [14–16]. Pneumonitor is a portable, academically 

developed device designed for environmental physiology 

and sports medicine analyses, which offers synchronized 

recording of RRi (single-lead ECG) and respiratory mechan-

ics using the impedance pneumography (IP) technique 

with the same set of electrodes [17]. IP records changes 

in trans-thoracic impedance as a result of changes in the 

amount of air in lungs and thorax movements. It was shown 

that a specific electrode configuration enables obtaining 

a linear relationship between impedance and TV [18]. 

However, these relationships depend on subjects’ demo-

graphic parameters, e.g., sex and weight [19]. Therefore, 

to measure TV in liters, each participant should perform 

calibration before the main session, which is considered 

logistically challenging. However, this can be omitted, as 

the very high linear agreement between impedance and 

TV allows relying on relative volume changes (even divided 

into inspiratory- and expiratory-TV) [20]. On the other hand, 

detected respiratory onsets can be used to determine the 

RespRate series. 

Before using a new tool or method of measurement 

in clinical practice, it is crucial to verify its agreement with 

the gold standard [21, 22]. The absence of measurement 

validation is a barrier to the widespread use of wearable 

medical technologies in current practice [23]. Importantly, 

most wearable biosensors have not been designed for chil-

dren despite a great number of pediatric cardiac diseases 

that could benefit from this technology [16]. IP has been 

already applied in the pediatric population [24]. Adding 

an ECG registration, especially using the same electrode 

configuration, does not affect the application of impedance 

measurement. This study aimed to assess the validity of the 

Pneumonitor for acquisition of short-term RRi for analysis 

of vagally-mediated HRV in comparison to the reference 

ECG method in a group of pediatric cardiac patients. Fur-

thermore, this study aimed to extend the typically used 

setup with a separate cardiac recording with simultaneous 

acquisition of data on respiration.

METHODS

Population

The study group consisted of 19 (7 female) pediatric car-

diac patients of both sexes. The inclusion criteria were age 

between 7 and 18 years, absence of infection, and in cases 

of constant pharmacological treatment — no change in 

medications in the last 3 months. The study was approved 

by the University Bioethical Committee (KB/70/2021) and 

followed the rules and principles of the Helsinki Declara-

tion, all parents or legal guardians and patients 16 years old 

and older gave their informed written consent.

Procedures and measurement conditions

Patients and their parents/legal guardians were informed 

about the study objectives, measurement protocol, po-

tential risks involved, and its benefits in conversation. 

Recordings were performed between 8:30 am and 2:00 pm 

in a hospital room, which was quiet and bright, with stable, 

controlled temperature and humidity. Patients were in-

structed to refrain from physical activity the day before and 

on the day of study, avoid junk food, sugar drinks, snacking, 

and to use the toilet (if needed) before examinations. The 

examination was carried out at least 1 hour after breakfast. 

RRi data acquisition using an ECG and the 

Pneumonitor

For ECG, 10 electrodes were placed in standard posi-

tions. For the Pneumonitor, 5 electrodes were placed ac-

cording to the scheme presented elsewhere [17]. Patients 

were placed in the supine position for 5 minutes to stabilize 

HR. RRi were recorded simultaneously using ECG (Custo 

cardio 100 12-channel PC ECG system; sampling frequency 

fs = 1000 Hz, Custo med GmbH, Ottobrunn, Germany) and 

the Pneumonitor in the supine position for 6 minutes. 
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The Pneumonitor measured single-lead ECG signals 

along with IP with the same set of electrodes (standard

Holter-type, disposable), with fs = 250 Hz, considered 

sufficient for HRV analysis [1]. For the Pneumonitor, ECG

signal pre-processing comprised: (1) baseline alignment;

(2) R peaks detection using Stationary Wavelet Transform 

[25]; (3) manual correction of mistakenly detected R peaks 

(if applicable, based on the visual inspection); and (4) es-

timation of RRi between successive R peaks. The IP signal 

was measured with the tetrapolar method using a specified

electrode configuration [18]. RespRates were estimated 

as follows: (1) raw IP was smoothed (1-second window)

to remove the cardiac component [26]; (2) respiratory on-

sets were found based on the differentiated, flow-related

signal; (3) RespRates were estimated between successive 

respiratory onsets. 

We did not transform impedance into volume in liters, 

assuming impedance changes reproduce the TV signal in

terms of shape [20]. The first breath was hence assigned 

with the value of 1, and all next ones were related to this first. 

Inspiratory and expiratory phases were detected from the

differentiated signal, and then, inspiratory- and expiratory-TV 

were estimated as the difference between the maximum 

after the inspiration and the minimum before the inspiration,

and between the maximum before the expiration and the

minimum after the expiration, respectively (Figure 1).
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Figure 1. Sample series of IP signal (top) with marked local minima and maxima enabling calculation of the respiratory rate (bottom) and the

course of relative TV (second from the bottom), along with the interpolated RR intervals (second from the top); the only example with the 

nonstationary (decreasing) respiratory rate
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Data synchronization, artifacts identification, 

and correction

Registered ECGs were inspected by a pediatric cardiologist 

to confirm sinus rhythm and identify ectopic beats. The RRi 

were exported from the ECGs software and the analytical 

scripts prepared for Pneumonitor data, then imported 

into a single Excel spreadsheet file to carry out raw RRi 

time series synchronization, identify artifacts based on 

graphical presentation of raw RRi from both devices, and 

implement manual editing according to recommendations 

[27]. Physiological artifacts (ectopic beats, premature atrial, 

and/or ventricular beats) were replaced by RRi interpolated  

from adjacent RRi [28].

Stationarity assessment 

Stationarity, the requirement for spectral HRV indices [29], 

was verified before HRV analysis (Statistical analysis). 

HR and HRV

The corrected RRi from both devices were imported into 

Kubios HRV Standard 3.4 software (University of East-

ern Finland, Kuopio, Finland) [30] to calculate mean RR, 

mean HR (HR), time-domain (standard deviation of NN 

intervals — SDNN, RMSSD), and frequency-domain (low 

frequency — LF, HF, LF/HF) parameters based on 5-minute 

recordings. Smoothness priors based on the detrending 

approach was applied (smoothing parameter, Lambda 

value = 500) [31], and then, RRi series were transformed 

to an evenly sampled time series using a cubic spline in-

terpolation followed by 4-Hz resampling. The detrended 

and interpolated RRi series were used to compute spectra 

by employing a fast-Fourier transform with Welch’s peri-

odogram method (300-second window, without overlap). 

The following bands for spectral components were set: LF 

(0.04–0.10 Hz) and HF (0.10–0.40 Hz). The power at both 

bands was estimated in absolute (ms2). Natural log-trans-

formed (ln) absolute powers in the LF (lnLF) and HF (lnHF) 

bands were also presented.

Statistical analysis

All analyses were carried out in Python 3.9. The station-

arity analyses were performed using the Phillips-Perron 

test [32] for patients’ RRi and RespRate series separately 

for ECG and the Pneumonitor. Agreement of parameters 

between ECG and the Pneumonitor was verified using 

a Bland-Altman plot with limits of agreement (LoA) [21, 33] 

and intraclass correlation coefficient (ICC, model 3.1) with 

the a priori interpretation: 0–0.30 – small, 0.31–0.49 — mod-

erate, 0.50–0.69 — large, 0.70–0.89 — very large, and 

0.90–1.00 — nearly perfect [34]. An agreement sufficient 

for the interchangeable use of two methods is suggested 

when a lower 95% confidence interval (CI) value exceeded 

0.75 [35]. To compare the values of parameters obtained 

using both devices, Student’s t-test was used. The smallest 

worthwhile change (SWC) was calculated by multiplying 

the between-subject ECG standard deviation values by 

0.2 (SWC
0.2

 small effect) and 0.6 (SWC
0.6

 medium effect) and 

used to define the maximum allowed difference between 

methods presented in Bland-Altman plots. Two methods 

are considered in agreement if the LoA do not exceed the 

SWC between methods. Lin’s concordance correlation coef-

ficient (CCC) was also calculated [36]. To assess whether the 

agreement between ECG and the Pneumonitor is affected 

by the respiratory depth and rate, Pearson correlation tests 

were performed between standard deviations of relative TV 

and RespRate, and the difference between HRV parameters 

calculated using ECG and the Pneumonitor. Descriptive 

data for quantitative features with normal distribution were 

presented as mean and standard deviation (SD). In all cases, 

the significance level was set at α = 0.05.

RESULTS

Participants characteristics

Results of 3 patients of 19 were excluded due to poor 

signal quality (n = 2) and non-confirmed diagnosis (n = 1). 

Consequently, results of 16 (6 female) pediatric Polish 

Caucasian cardiac patients (congenital heart disease n = 5, 

cardiac arrhythmia n = 4, cardiomyopathy n = 7) from the 

following voivodeships in Poland: Mazowieckie (n = 11), 

Lubuskie (n = 1), Podlaskie (n = 1), Kujawsko-Pomorskie 

(n = 1), Podkarpackie (n = 1), and Świętokrzyskie (n = 1) 

were included in the analysis. The mean (SD) age, body 

mass, stature, and body mass index (BMI) were 12.6 years 

(3.4), 57.8 kg (25.3), 158.4 cm (18.1), and 21.8 kg/m2 (5.5), 

respectively.

Number of RRi, synchronization, artifacts 

identification and correction, stationarity

There were 5917 and 5813 RRi from ECG and Pneumonitor 

recordings, respectively. Data from both devices required 

synchronization for 6 patients — from 5 to 11 RRi from 

the beginning of the ECG signal were excluded. There 

were 27 technical artifacts notified on both ECG and Pneu-

monitor recordings — 0.005% error rate. The most often 

detected type of error included a short interval, followed 

by a long interval (n = 21) and missed interval(s) on the 

Pneumonitor, equivalent to 2 or 3 ECG RRi (n = 6). RRi 

series obtained using both devices appeared stationary 

for all patients. 

Agreement of HR and HRV parameters

Results of agreement statistics for parameters calculated 

based on RRi obtained using ECG and the Pneumonitor 

are presented in Table 1. There were no significant differ-

ences between parameters (P >0.66 for all). Mean absolute 

percentage difference between parameters ranged from 

1.5% to 15.8%. ICC and CCC ranged between 0.96 and 1.00. 

The Bland-Altman plots are presented in Figure 2. SWC
0.2

, 

SWC
0.6

, and the number of patients for whom LoA exceeded  

the defined SWC
 
(LoA > SWC) for selected parameters are 

presented in Table 2. 
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Table 1. Results of agreement statistics for HRV parameters

Parameter Mean (SD)

ECG

Mean (SD)

Pneumonitor

Mean difference 

(95% CI)

LoA 95% CI for lower;  

upper LoA

ICC (95% CI) CCC

RRi, n 348.7 (55.3) 342.6 (54.0) 6.1 (5.3–7.0) 3.1; 9.1 (1.7–4.5); (7.7–10.6) 1.00 (1.00–1.00) 0.99

Mean RR, ms 881.4 (124.8) 896.9 (126.6) –15.5 (–17.0 to –14.0) –20.7; –10.3 (–23.2 to –18.2); (–12.8 to –7.9) 1.00 (1.00–1.00) 0.99

HR, bpm 69.7 (10.9) 68.5 (10.8) 1.2 (1.0–1.4) 0.4; 2.0 (0.1–0.8); (1.6–2.3) 1.00 (1.00–1.00) 0.99

SDNN, ms 45.8 (17.4) 48.2 (16.9) –2.4 (–3.6 to –1.2) –6.7; 1.9 (–8.7 to –4.7); (–0.2–3.9) 0.99 (0.98–1.00) 0.98

RMSSD, ms 52.2 (22.7) 55.7 (21.6) –3.5 (–5.7 to –1.4) –11.1; 3.9 (–14.6 to –7.5); (0.4–7.5) 0.99 (0.96–0.99) 0.97

LF, ms2 433.6 (298.5) 479.6 (324.4) –46.0 (–76.7 to –15.3) –155.3; 63.3 (–207.2 to –103.4); (11.4–115.2) 0.98 (0.95–0.99) 0.97

lnLF 5.8 (0.8) 5.9 (0.8) –0.1 (–0.2–0.0) –0.5; 0.3 (–0.7 to –0.3); (0.1–0.4) 0.97 (0.91–0.99) 0.96

HF, ms2 1529.3 (1141.8) 1601.9 (1105.4) –72.6 (–137.5 to –7.8) –303.6; 158.3 (–413.2 to –193.9); (48.7–267.9) 0.99 (0.98–1.00) 0.99

lnHF 6.9 (1.1) 7.0 (1.0) –0.1 (–0.1–0.0) –0.3; 0.1 (–0.4 to –0.2); (0.0–0.2) 1.00 (0.99–1.00) 0.99

LF/HF 0.42 (0.28) 0.42 (0.25) 0.00 (–0.03 – 0.04) –0.12; 0.13 (–0.18 – –0.06); (0.07–0.18) 0.97 (0.92–0.99) 0.97

Data for quantitative features with normal distribution were presented as mean and standard deviation (SD)

Abbreviations: CI, confidence interval; LoA, limits of agreement; ICC, intraclass correlation coefficient; CCC, concordance correlation coefficient; RR, time elapsed between two 

successive R waves of the QRS signal on the electrocardiogram; RRi, RR intervals; ms, milliseconds; ms2, milliseconds squared; HR, heart rate; bpm, beats per minute; SDNN, 

standard deviation of NN intervals; RMSSD, root mean square of successive RRi differences; LF, low frequency; HF, high frequency; ln, natural log-transformed

Respiratory rate and its stationarity, TV-relative 

changes

The RespRate was between 8 and 25 breaths/min and was 

stationary for all patients with one exception (Figure 1). 

There was no statistically significant correlation between 

either the standard deviation of relative TV or the standard 

deviation of the RespRate, and the difference between 

parameters calculated using ECG and the Pneumonitor  

(R between –0.36 and 0.38; P >0.14 for all), which suggests 

no association between breathing pattern and RRi agree-

ment between devices.

DISCUSSION
The number of RRi, mean RR, HR, and HRV parameters 

calculated based on edited RRi acquired during rest con-

dition using ECG and the Pneumonitor presented sufficient 

agreement in pediatric cardiac patients. 

The widespread use of wearable devices in medical 

practice is hampered due to the lack of validation studies 

[23]. A polar chest strap seems to be the most popular wear-

able device used to register RRi, validated mostly in adults 

and rarely in children [37, 38]. Nevertheless, breathing mon-

itoring is not incorporated into such wearable sensors [39]. 

As mentioned in numerous previous studies, information 

on breathing is necessary to interpret HRV data accurately 

(see [4]), especially in populations with respiratory distur-

bances. An increased RespRate is a common symptom in 

children with congestive heart failure [40], integral to the 

diagnosis of acute lower respiratory infection [41]. 

A Pneumonitor can be considered a wearable device 

that allows recording both cardiac and respiratory activity 

and raises the possibility of evaluating cardiorespiratory 

coupling and cardiorespiratory fitness [42] in various mea-

surement conditions (also dynamic), while still preserving 

the quantitative nature of the results. This enables assess-

ing the flow between the cardiac and respiratory systems 

within the causal domain (to identify the directionality and 

strength of cardiorespiratory coupling and interactions) 

[43]. The relationships were studied both from method-

ological and physiological perspectives [44–46]. Procedures 

and tests developed to explore the coupling between 

time series in general (e.g., Granger causality) applied 

for cardiorespiratory data recorded during spontaneous 

and controlled activity showed ambiguous insights into 

the causal relationship. Cardiorespiratory interaction has 

been regarded as primarily respiration-to-heart rate [47] 

heart rate-to-respiration [48], quasi-cyclical (TV through 

HR changes, rate to RespRate [45]), or bidirectional [49]. 

However, these differences probably depend on different 

analytical techniques employed [4], which could be studied 

further with the Pneumonitor and applied specifically in 

the pediatric cohort [50]. 

The following limitations can be pointed out: the 

exploratory character of the study, relatively small size 

and heterogenous nature of the study, lack of inclusion of 

healthy pediatric subjects as a control group, differences in 

sampling frequencies between devices, and the procedure 

assuming only static conditions. An extension of the study 

Table 2. Smallest worthwhile change (SWC) and the number of patients for whom LoA exceeded the defined SWC

Mean RR, ms HR, bpm SDNN, ms RMSSD, ms LF, ms2 lnLF HF, ms2 lnHF LF/HF

SWC
0.2

11.4 2.3 3.6 4.7 61.7 0.16 236 0.2 0.06

LoA >SWC
0.2

None None 4 4 4 1 2 2 2

SWC
0.6

34.3 6.8 10.8 14.1 185.0 0.48 708 0.7 0.18

LoA >WC
0.6

None None None None None 1 None None 1

Abbreviations: RR, time elapsed between two successive R waves of the QRS signal on the electrocardiogram; ms, milliseconds; ms2, milliseconds squared; HR, heart rate; 

bpm, beats per minute; SDNN, standard deviation of NN intervals; RMSSD, root mean square of successive RRi differences; LF, low frequency; HF, high frequency; ln, natural 

log-transformed; LoA, limits of agreement
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could be the Lomb-Scargle periodogram — a method that 

allows more efficient computation of a Fourier-like power 

spectrum estimator from unevenly sampled data.

The Pneumonitor might be considered appropriate for 

cardiorespiratory studies in the group of pediatric cardiac 

patients in rest condition.
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INTRODUCTION
Pulmonary arterial hypertension (PAH) and 

chronic thromboembolic pulmonary hyper-

tension (CTEPH) are severe diseases in which 

pulmonary vasculopathy may cause the fail-

ure of the right ventricle and ventilatory lung 

function [1]. The use of pulmonary endarterec-

tomy (PEA) or balloon pulmonary angioplasty 

in CTEPH [2, 3] and pulmonary vasodilators in 

both entities has led to an important increase 

in life expectancy [4]. Cardiogenic shock (CS) is 

a catastrophic complication in these patients, 

either as the initial presentation or developed 

after a triggering event in previously stable 

cases [5]. In recent years, the use of extracor-

poreal membrane oxygenation (ECMO) in 

patients with refractory CS or massive pulmo-

nary embolism (PE) has expanded. This may 

be an option in critically ill patients with PAH 

or CTEPH. However, evidence in this setting 

is scarce [6]. A multidisciplinary approach to 

determine a specific strategy in each case is 

crucial [7]. We present the first results of a new-

ly created ECMO program in CS as a bridge to 

therapy (BTTh) for PAH/CTEPH in our critical 

cardiovascular care unit (CCCU). 

METHODS
We included consecutive patients with PAH or 

CTEPH needing ECMO from January 2021 until 

June 2022 in the Hospital Universitario 12 de 

Octubre (Madrid, Spain). Clinical management 

was decided individually upon daily con-

sensus, including PAH and CCCU specialists 

in coordination with other specialists of the 

multidisciplinary pulmonary hypertension 

(PH) unit. This unit is one of the two Spanish 

reference centers for PH, with the capacity for 

lung transplantation and complete interven-

tional management of PAH and CTEPH. All 

patients signed informed consent before their 

inclusion in the Spanish Registry of Pulmonary 

Hypertension (REHAP). 

RESULTS AND DISCUSSION
An ECMO was implanted in four patients in 

that period as a BTTh, with a veno-arterial (VA) 

configuration in two cases and venovenous 

(VV) in the remaining two. Weaning of the 

mechanical support was possible in three 

patients, and hospital discharge was possible 

in two cases (Table 1). Only one patient is still 

alive after two years of follow-up. 
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Table 1. PAH and CTEPH cases undergoing ECMO in the 2020–2021 period

Case 1 Case 2 Case 3 Case 4

Previous condition

Age, years 46 32 56 59

Sex Female Female Male Female

Weight, kg 55 95 89 85

BMI, kg/m2 22.6 34.9 29.7 31.2

PH group PAH associated with CTD PAH associated with 

overlap mixed CTD and 

primary biliary cirrhosis

CTEPH CTEPH

Time to diagnosis of PH 7 years 3 weeks 12 months 2 months

Predominant clinical status on 

admission

Respiratory insufficiency Cardiogenic shock Respiratory insufficiency Cardiogenic shock

Previous treatment Bosentan, tadalafil, and 

selexipag

Ursobilane, levothyroxine, 

and omeprazole

Tadalafil and ambrisentan Insulin and enoxaparin

HR, bpm 100 110 115 100

Situation prior ECMO cannulation

BP, mm Hg 110/66 110/65 95/55 127/89

pH — 7.52 7.49 7.31

Pre-ECMO lactic acid, mmol/l 1.8 1.5 0.7 10

PaCO
2, 

mm Hg — 20 41 29

PaO
2, 

mm Hg) — 108 46 68

Creatinine, mg/dl 1.21 0.55 1.36 1.99

Hemoglobin, g/dl 11 12.8 11.3 10.3

Platelet count, cc 91000 32000 81000 161000

NT-proBNP, pg/ml 2992 4495 8295 —

Baseline oxygen saturation, % 60 98 86 91

TTE parameters

RV diameter, mm 37 61 63 54

Diastolic EI 1.2 1.9 1.2 1.6

Estimated RVSP, mm Hg 109 117 70 86

TAPSE, mm 14 14 19 13

S’, cm/s 15 8 14 8

FAC, % 27 10 20 22.5

TR, 0–4 1 4 2–3 4

RA area, cm2 19 23 39 22

LVIV, cc/m2 43 — 67 —

LV diameter, mm 35 27 37 41

LVEF, % 72 60 72 60

LV diastolic function, 1–4 2 2 2 2

IVC, dilated Yes Yes Yes Yes

IVC, collapse >50% No No No No

Pericardial effusion, 0–4 2–3 1 1 0

RV hemodynamics

mPAP, mm Hg 71 70 45 52

RAP, mm Hg 6 14 19 28

RVSP, mm Hg 94 120 85 96

PCWP, mm Hg 9 14 16 —a

Cardiac output, l/min 4 — 2.6 —

Cardiac index, l/min/m2 2.5 — 1.5 —

PVR (WU) 15.5 — 11 —

Associated conditions Neumonitis of unknown 

origin

12-week pregnancy, seve-

re thrombocytopenia, and 

alveolar hemorrhage

Interstitial edema after 

initiation of intravenous 

epoprostenol

Subacute PE on a previo-

usly unknown chronic 

CTEPH

ECMO

Time from ICCU admission to ECMO 

implantation, days

6 5 1 1

Initial configuration VV VA VV VA

Configuration change No VAV and VV VAV (peripheral and 

central)

No

Distal perfusion cannula during VA or 

VAV ECMO

No No Yes Yes

Initial blood flow, lpm 3.3 3.2 3.3 3.4
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Case 1 Case 2 Case 3 Case 4

Initial sweep gas flow rate (lpm) and 

FiO
2
 ECMO (%). HFNC (lpm/FiO

2
) or 

LFNC (lpm)

7 and 1. HFNC 40/0.9. 0.3 and 0.6. HFNC 30/100. 3 and 1. HFNC 50/40. 2 and 0.8. LFNC a 0.5.

Duration of ECMO support, days 12 21 34 13

Peak lactic acid, mmol/l, during ECMO 2.9 6.4 0.7 10

Hemoglobin, g/dl, nadir 8.9 9.3 8.7 7.8

Platelet count, cc, nadir 34 000 16 000 41 000 52 000 

Serious bleeding event Yes Yes Yes No

Transfusion required Yes Yes Yes Yes

Membrane thrombosis No No Yes No

Cerebral, lower limb, or another 

embolic event

No No No No

Clinically significant lower limb 

ischemia

– No No No 

Peak creatinine, mg/dl, during ECMO 1.92 0.76 2.06 2.2

Requires CRRT No No Yes No

Definite infection requiring antibiotic Yes No Yes Yes

Type of infection Pneumonia — Pneumonia Urinary tract infection and 

bacteremia

Antibiotic without confirmed infection — Yes — —

Treatment while being on ECMO

Pulmonary vasodilators

PDE5 inhibitor Tadalafil Sildenafil Tadalafil —

Endothelin receptor antagonist — Macitentan Macitentan —

Inhaled vasodilator — — — —

Intravenous or subcutaneous 

prostacyclins

Epoprostenol 8 ng/kg/min Epoprostenol 20 ng/kg/ 

/min

Epoprostenol 8 ng/kg/min —

Inotropic support Dobutamine Dobutamine Dobutamine Dobutamine

Vasopressors No Norepinephrine Norepinephrine and 

vasopressin

No

Systemic vasodilator No No No Nitroprusside

Maximum ventilatory support HFNC HFNC IMV (maximum PEEP  

of 18 cm H
2
O)

LFNC

Duration of mechanical ventilation, 

days

— — — —

Duration of HFNC, days 24 25 12 —

Tracheostomy during hospitalization No No Yes No

Additional treatments Corticosteroids Pregnancy termination, 

corticosteroids, cyclopho-

sphamide, rituximab, and 

immunoglobulin G

Balloon pulmonary 

angioplasty

Pulmonary endarterec-

tomy

Outcome Discharged alive Discharged alive Died while on ECMO Weaned from ECMO.  

Death in the post- 

operative period of PEA

ICCU length of stay, days 25 30 32 14 

Hospital length of stay, days 67 46 38 27

aPCWP not achieved due to PE

Abbreviations: BMI, body mass index; BP, blood pressure; cc, cubic centimeters per minute; CCU, coronary care unit; CTD, connective tissue disease; CRRT, continuous renal 

replacement therapy; CTEPH, chronic thromboembolic pulmonary hypertension; ECMO, extracorporeal membrane oxygenation; EI, eccentricity index; FAC, fractional area 

change of right ventricle; FiO
2
, fraction of inspired oxygen; HFNC, high-flow nasal cannula; HR, heart rate; IMV, invasive mechanical ventilation; IVC, inferior vena cava;  

LFNC, low flow nasal cannula; LV diastolic function (1–4), 1 normal, 2 impaired relaxation, 3 pseudo-normal pattern, 4 restrictive pattern; LVEF, left ventricular ejection fraction; 

LVIV, left ventricular index volume; mPAP, mean pulmonary artery pressure; PAH, pulmonary arterial hypertension; PaCO
2
, partial pressure of carbon dioxide in arterial blood; 

PaO
2
, partial pressure of oxygen in arterial blood; PCWP, pulmonary capillary wedge pressure; PDE5 inhibitor, phosphodiesterase type 5 inhibitor; PE, pulmonary embolism; 

PEEP, positive end-expiratory pressure; PEA,  pulmonary endarterectomy; Pericardial effusion (0–4), 0 absent, 1 light, 2 moderate, 3 serious, 4 pericardial tamponade;  

PH, pulmonary hypertension; PVR (WU), pulmonary vascular resistance (Wood units); RA, right atrium; RAP, right atrial pressure; RV, right ventricle; RVSP, right ventricle systolic 

pressure; TTE, transthoracic echocardiogram parameters; TR (0–4), tricuspid regurgitation (0 absent, 1 light, 2–3 moderate, 4 serious); VA, veno-arterial; VAV, veno-arterio- 

-venous; VV, veno-venous

Table 1. (cont.) PAH and CTEPH cases undergoing ECMO in the 2020–2021 period

Case 1. A 46-year-old woman with previously known 

PAH associated with systemic sclerosis on triple vasodilator 

therapy and severe immunosuppressive therapy presented 

a rapid respiratory deterioration attributed to immune-re-

lated pneumonitis. Considering the severity of respiratory 

insufficiency, the patient needed mechanical support with 

VV-ECMO. Treatment with corticosteroids caused rapid 

clinical amelioration, allowing ECMO weaning and patient 

discharge. Eleven months later, the patient died due to 

severe COVID-19 bilateral pneumonia.  

Case 2. A 32-year-old woman without known PAH 

was admitted to the hospital in CS. She was found to be 

12 weeks pregnant at that moment. A VA-ECMO was im-

planted as a bridge to pregnancy termination, which was 

then successfully carried out. Nevertheless, she developed 

severe thrombocytopenia and an alveolar hemorrhage, 
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which caused a progressive decline in lung function, where-

by we changed the configuration of the ECMO to VAV. After 

initiation of immunosuppressive drugs and up-titration 

of pulmonary vasodilators and a dramatic hemodynamic 

improvement, the patient could be weaned from ECMO. 

She was finally discharged on triple vasodilator therapy. 

Case 3. A 56-year-old male with severe distal CTEPH 

presented severe bilateral interstitial edema after the ini-

tiation of intravenous epoprostenol, which finally needed 

VV-ECMO implantation. Due to further hemodynamic 

impairment, a switch to VA-ECMO was done. After stabili-

zation, balloon pulmonary angioplasty (BPA) was used as 

a rescue therapy. Despite an initial improvement after three 

BPA procedures, he presented severe repetitive episodes of 

hemoptysis, which required tracheal intubation and me-

chanical ventilation. The patient died due to ventilator-as-

sociated pneumonia after 34 days of mechanical support 

while being still supported by ECMO at that moment. 

Case 4. A 59-year-old woman presented with CS and se-

vere respiratory insufficiency. The initial evaluation revealed 

a probable subacute episode of PE on top of a previously 

unknown central CTEPH. Treatment with percutaneous 

mechanical thrombectomy was administered. During the 

procedure, the patient further deteriorated hemodynam-

ically, and a VA-ECMO was emergently implanted in the 

cath laboratory. The patient remained stable for one week 

when elective PEA was done, with excellent results. The 

ECMO was withdrawn two days after surgery. Thirteen 

days later, while being clinically stable at that moment, the 

patient died suddenly due to a new episode of massive PE. 

ECMO as a BTTh may be a useful option in critically ill 

patients with PAH or CTEPH. Our results are in line with 

those published by Rosenzweig et al. [8]. In that last study, 

survival of 31.6% was facilitated by ECMO as a bridge to 

recovery (BTR), and more than 75% of patients survived 

until ECMO decannulation. The selection of candidates 

for mechanical support is of critical importance [9]. Likely, 

the reduction of right ventricular pressure overload and in-

crease in systemic blood pressure are key features involved 

in the hemodynamic improvement after ECMO cannula-

tion. Additionally, the reduction in the hypoxic pulmonary 

vasoconstrictive response and of the right-to-left shunting 

might also be beneficial effects of ECMO implantation. 

Our experience suggests that cases with acute decom-

pensation triggered by factors like immune disorders or 

pregnancy could be good candidates for ECMO as a BTTh. 

We presented a case of VA-ECMO as a bridge to pregnancy 

termination, representing one of the first reports in the 

literature [10]. CTEPH is a more challenging scenario for 

ECMO support, as ventilatory impairment and coagulation 

disturbances are usually more advanced. Nevertheless, 

ECMO during the postoperative period of PEA as a BTR 

has usually good results [2]. The use of ECMO as a bridge 

to lung transplantation in Spain demonstrates good results 

[11]. A complementary and interesting option for end-stage 

patients, or those waiting for lung transplantation, could 

be the creation of an interatrial septostomy [12]. 

ECMO management in pulmonary hypertension re-

quires specific considerations. The initial configuration 

should be based on the severity of hemodynamic impair-

ment and respiratory insufficiency, trying to minimize the 

need for tracheal intubation and mechanical ventilation, 

considering the high risk of clinical deterioration during 

sedation in cases of right ventricular dysfunction. In 

candidates for lung transplantation, tracheal intubation 

should also be avoided, as this is a relative contraindication 

for transplantation. We opted for VA-ECMO when a more 

profound shock was established (Society for Cardiovas-

cular Angiography and Intervention [SCAI] index stage D 

in both cases) and for initial VV-ECMO when respiratory 

impairment was the predominant problem (SCAI index C). 

The dose of inotropic or vasopressor therapy was similar 

in both groups, with comparable vasoactive-inotropic 

scores. CCCU specialists should also be aware of the pos-

sibility of upper-body hypoxemia since the perfusion of 

coronary arteries and the brain in VA-ECMO is frequently 

provided by deoxygenated blood, especially when lung gas 

exchange is impaired. In cases of baseline impaired lung 

function or expectation of worsening after cannulation, an 

initial axillar configuration or switching to VAV-ECMO could 

provide adequate oxygenation for the upper body. After 

the initiation and up-titration of pulmonary vasodilators, 

with hemodynamic improvement, the arterial cannula can 

often be removed. In these cases, if respiratory amelioration 

continues, ECMO weaning is feasible. Thrombocytopenia is 

another relevant aspect. In our series, three patients started 

with a moderate or severe reduction of the platelet count, 

all of them with bleeding episodes. None of our patients 

had ischemic or embolic events. Therefore, our protocol 

recommends the maintenance of high ECMO flows and 

low coagulation times, especially in patients at risk of 

bleeding events.

In conclusion, we report the initial experience of 

a multidisciplinary PH unit with ECMO support as a BTTh 

in patients with PAH or CTEPH. The positive results, with 

ECMO weaning possible in three of four critically ill cases, 

emphasize the need to maintain a coordinated approach 

involving different specialists in this complex scenario. 
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INTRODUCTION
Both cognitive impairment (CI) and dementia 

as well as cardiovascular disease (CVD), includ-

ing myocardial infarction (MI), are a significant 

burden on the health and social care sys-

tems. Currently, 50 million people worldwide 

suffer from dementia, while CVDs are still the 

leading cause of death [1]. Unfortunately, as-

sessment of cognitive function is not part of 

routine clinical practice, especially in cardiac 

patients. Nevertheless, a growing body of 

evidence points to an association between 

CVD, including ischemic heart disease, and the 

occurrence of CI. The mechanisms responsible 

for this remain largely unknown. The problem 

of the prevalence of psychiatric disorders in 

cardiac patients is also highlighted by the lat-

est guidelines on cardiovascular prevention. 

They indicate that all mental disorders are as-

sociated with the development of CVD while 

the onset of CVD is associated with a 2–3 times 

higher risk of mental disorders. It is estimated 

that the annual prevalence of psychiatric 

disorders in patients with CVD is around 40%, 

leading to a significantly worse prognosis [2]. 

Given these clinical implications, we have 

undertaken an assessment of cognitive func-

tioning in people after MI and 6 months later 

and attempted to identify factors that may 

influence it. 

METHODS 

Study design and patient population

This is a pilot study and precedes a larger 

prospective study. This prospective study was 

conducted at the Cardiology Department of J. 

Struś Hospital in Poznań, and its protocol was 

approved by the Local Bioethics Committee 

(approval no. 1201/16). Two hundred and 

twenty patients hospitalized for MI treated 

by percutaneous coronary intervention (PCI) 

participated in this pilot study. All participants 

were clinically assessed on two occasions: 

during the first MI-related hospitalization on 

days 2–3 following PCI, and 6 months later. 

Available medical records including a health 

history questionnaire, laboratory tests, and 

echocardiography were collected, and mental 

state was assessed with the Mini-Mental State 

Examination (MMSE), Schulman’s clock-draw-

ing test (CDT), Beck Depression Inventory 

(BDI), Athens Insomnia Scale (AIS), and Insom-

nia Severity Index (ISI) (Table 1 presents the 

main statistical characteristics of all variables). 

At baseline, the MMSE scores were corrected 

according to age and education. Due to the 

comparable results, the absolute values were 

used for further analysis. CI was defined as 

MMSE <27 points or CDT level ≥1. Depression 

was defined as BDI ≥12, and insomnia was 

defined as ISI ≥ 15. All tests used in the study 

have been adapted and validated for the 

Polish setting.

We distinguished 4 groups of patients 

depending on the changes in their mental 

status: (1) permanent CI — presented both 

at baseline and after 6 months; (2) transient 

— with deficits at baseline but with a normal 

test result after 6 months; (3) new onset CI  

— only after 6 months; and (4) without  

CI during follow-up.
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Statistical analysis 

Continuous variables were reported as means (standard 

deviation [SD]) or medians (interquartile ranges [IQR]), 

as appropriate. Normal distribution was tested using 

the Shapiro-Wilk test. The differences in the numerical 

variables were tested using the Kruskal-Wallis test. Next, 

the Mann-Whitney test was performed as a post-hoc test 

sequentially for 2 groups, and the Bonferroni correction was 

applied. All analyses were done using programming lan-

guage R and STATISTICA 10 (StatSoft). Two-sided P-values  

<0.05 were considered to be statistically significant.

RESULTS AND DISCUSSION
The main characteristics of the pilot study sample are pre-

sented in the Supplementary material, Table S1. At baseline, 

we identified CI in 40.5% (n = 89) of patients according to the 

MMSE, and in 34.5% (n = 76) using the CDT. In the follow-up, 

CI was observed in 33.6% (n = 74) of patients using MMSE 

and 26.8% (n = 59) using the CDT. Statistical characteristics 

of age (years), ISI (points), ejection fraction (%), brain natriu-

retic peptide (BNP, pg/ml), SYNTAX (points), troponin (ng/l), 

and BDI (points) in the identified four groups are presented 

in the Supplementary material, Table S2.

Patients with permanent deficits (Group 1) in the 

CDT compared to those without CI (Group 4) had lower 

peri-infarction ejection fraction (50% [40%–50%] vs. 50% 

[50%–60%]; P = 0.006) and a higher level of peri-infarction 

BNP (149.6% [91.3%–242.8%] vs. 87.7% [46%–140.8%]; 

P = 0.003) 

The prevalence of previously undiagnosed CI in patients 

hospitalized for MI was high (nearly 40%). These disorders 

can be either temporary or permanent. Currently, we do 

not know the specific factors that would allow us to predict 

these cognitive disorders. However, we can hypothesize 

that there are different underlying causes of CI following MI. 

Permanent deficits may be involved in neurodegeneration 

but so can a higher burden of vascular risk factors. There-

fore, the etiology is most likely mixed.

In patients with transient deficits, the cause may be 

psychological stress after MI and acute phase of the disease 

but also appropriate treatment and vascular risk factors 

reduction. 

Table 1. Statistical characteristics of all variables considered in this pilot study were collected during the first MI-related hospitalization on 

days 2–3 following PCI, and 6 months later (follow-up)

Variable First hospitalization Follow-up (after 6 months)

Mean (SD)/median (IQR)a Mean (SD)/median (IQR)a

Age, years 60.1 (9.3) Not collected

Hgb, g/dl 13.7 (1.6) 14.4 (13.6–15.2)

Hct, % 40.2 (4.2) 42.9 (41–44.9)

RBC, million/μl 4.5 (4.2–4.9) 4.8 (0.4)

WBC, thousand/μl 9.6 (7.8–11.7) 7.6 (6.3–8.8)

PLT, thousand/μl 221 (189–258) 235 (202.2–265.5)

Na, mmol/l 140.5 (139–142) 141 (140–143)

K, mmol/l 4.3 (4–4.5) 4.6 (4.4–4.9)

Creatinine, μmol/l 79 (69–91) 81 (69–91)

Urea, mmol/l 5.3 (4.4–6.3) 5.7 (4.9–6.7)

TN, ng/l 740 (86.5–4153) 9 (9–12)

ALAT, U/l 36 (24–51.5) 24 (18–32)

HDL-C, mmol/l 1.2 (0.9–1.4) 1.3 (1.1–1.5)

LDL-C, mmol/l 3.2 (2.4–3.8) 1.9 (1.6–2.4)

TG, mmol/l 1.4 (1.1–1.9) 1.3 (1–1.7)

TSH, μIU/ml 1 (0.6–1.7) 1.1 (0.8–1.6)

CK, IU/l 51.5 (24.8–128.2) 108 (83–158)

BNP, pg/ml 110.3 (54–199.8) Not collected

SYNTAX, points 9 (6–14) Not collected

EF, % 50 (40–50) 50 (50–60)

BDI, points 9 (5–14) 8 (4–13)

Absolute MMSE score, points  27 (25–29) 28 (26–29)

MMSE adjusted score, points  27 (25–28) 28 (26–29)

ISI, points  8 (4–13) 6 (3–11)

CDT, level 0 (0–1) 0 (0–1)

AIS, points 6 (4–9) 5 (3–8)

aMean (SD) is reported if normal distribution was confirmed by the Shapiro-Wilk test. Otherwise, median (IQR) is reported. As a result, mean (SD) are reported for age, Hgb, 

and Hct variables for the first hospitalization and for RBC for a follow-up visit

Abbreviations: AIS, Athens Insomnia Scale; ALAT, alanine transaminase; BDI, Beck depression inventory; BNP, brain natriuretic peptide; CDT, clock-drawing test; CK, creatine 

kinase; EF, ejection fraction; Hct, hematocrit; HDL-C, high-density lipoprotein cholesterol; Hgb, hemoglobin; ISI, Insomnia Severity Index; K, potassium; LDL-C, low-density 

lipoprotein cholesterol; MMSE, Mini-Mental State Examination; Na. sodium; PLT, platelet count; RBC, red blood cells; TG, triglycerides; Tn, troponin; TSH, thyroid stimulating 

hormone; WBC, white blood cells
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On the other hand, new-onset CI may be connected 

with accumulating mental health disorders, such as sleep 

disturbances, and worse control of vascular risk fac-

tors. The latter is less likely because our participants had 

optimal treatment.

While analyzing variables that may affect cognitive 

function, it is also important to bear in mind depressive dis-

orders, which often occur following MI. Thirty-three percent 

of the participants in our study presented them during their 

first hospitalization. This is consistent with previous data 

reporting depression in 20%–40% of MI patients [3]. CI is 

among the main symptoms of depression, and its presence 

is a predictor of dementia development [4]. 

It is also important to highlight the influence of age, 

which is a major risk factor for both CI and MI. In our project, 

patients with persistent CI were significantly older than 

those without CI during the study. Those included in our 

project represent a younger population than the average 

MI patient (60.1 vs. 65.1 for men and 72 for women) [5]. It 

can be, therefore,  assumed that the prevalence of cognitive 

deficits is underestimated and is higher in clinical practice. 

Little is also known about the impact of arrhythmias 

on cognitive function. Most researchers have focused on 

atrial fibrillation (AF), associating its presence with higher 

risk of CI and dementia [6]. Preliminary results of our project 

did not show that AF significantly affected CI in patients 

after MI, whereas in those with peri-infarct non-sustained 

ventricular tachycardia (NSVT), CI was significantly more 

frequent after 6 months of follow-up (P = 0.02). Chen et al. 

[7] also showed that NSVT was independently associated 

with CI occurrence and with impairment of executive func-

tion in particular. This may suggest that the occurrence of 

asymptomatic episodes of arrhythmia during follow-up in 

patients with peri-infarct NSVTs results in ischemic brain 

lesions. Therefore, they may represent a risk group and 

should be subject to more careful follow-up. 

The results presented here are part of a pilot study. 

A larger population study is currently being conducted to 

analyze in detail the factors affecting cognitive function 

in patients with acute coronary syndrome. We are living 

longer, but longevity must be accompanied by the qual-

ity. CI significantly affects daily functioning not only of 

those affected but also carers. It is, therefore, important 

to proactively detect CI at an early stage and try to modify 

potentially reversible risk factors. If we detect changes in 

cognitive functioning early, we can implement appropri-

ate management and have time to refer patients to other 

specialists such as psychologists or neurologists. 

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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INTRODUCTION
Despite the undeniable improvement in 

the field of pharmacological and interven-

tional treatment of coronary artery disease 

(CAD), still even up to 10% of patients [1] 

can experience refractory angina pectoris 

(RAP)-reversible myocardial ischemia which 

cannot be adequately controlled despite im-

plementation of all available revascularization 

and pharmacological therapeutic options [2]. 

RAP has got heterogeneous pathophysiology 

and involves patients with CAD unsuitable 

for revascularization (diffuse disease, high 

risk-benefit profile; diseases affecting distal 

segments of arteries) along with other than 

obstructive CAD coronary disorders. RAP 

significantly affects values that are important 

from patients’ perspective — the quality of life 

and mortality rate [3].  Recently, a novel de-

vice dedicated to patients with RAP has been 

introduced into clinical practice [4] which was 

reflected in the latest European Society of Car-

diology (ESC)/European Society of Hyperten-

sion (ESH) guidelines [2]. Coronary Sinus (CS) 

Reducer (Neovasc Inc., Richmond, Canada) 

is a balloon-expandable hourglass-shaped 

scaffold implanted percutaneously into the 

coronary sinus creating a narrowing to delay 

blood outflow and establishing a backward 

pressure gradient in the coronary artery sys-

tem. This promotes blood redistribution from 

less ischemic to more ischemic myocardial 

regions.  In this brief report, we present short-

term outcomes based on the Lower Silesia 

Sinus Reducer Registry (LSSRR).

METHODS
 This observational, single-center, single-arm 

registry included 22 consecutive patients who 

were referred to the Cardiac Department of 

Copper Health Center due to chronic disabling 

refractory angina pectoris (Canadian Cardio-

vascular Society [CCS] classes II–IV) despite 

maximally tolerated anti-angina medical 

therapy. All patients were evaluated by the 

local Heart Team and considered not eligible 

for percutaneous or surgical revascularization 

procedures. After the Heart Team evaluation, 

patients were qualified for the procedure of 

Coronary Sinus Reducer implantation unless 

they met one of the exclusion criteria. The 

study exclusion criteria were: (1) recent acute 

coronary syndrome (<3 months); (2) recent 

coronary revascularization (<3 months);  

(3) a mean right atrial pressure higher 

than 15 mm Hg; (4) CS proximal diameter 

<10 mm and >14 mm; (5) life expectancy 

under 12 months; (6) heart failure (New 

York Heart Association [NYHA] classification, 

classes III–IV); (7) being a potential cardiac 

resynchronization therapy defibrilator (CRT-D)  

implantation candidate. 

Initial patient evaluation (before device 

implantation) consisted of past medical 

history, actual clinical assessment with 

an evaluation of CCS class, Seattle Angina 
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Questionnaire — (SAQ-7) questionnaire, 6-minute walk 

test (6MWT), and echocardiography. First, a follow-up 

visit was scheduled 1 month after the implantation pro-

cedure. All patients provided informed consent for the 

Reducer implantation procedure and written consented 

to participate in this study. The study had the approval 

of the local ethics community (Lower Silesian Medical 

Chamber, ref number 02/BOBD/2022, date of approval: 

13.07.2022). The study had a license agreement with 

Outcomes Instruments, LLC, Missouri for the use of 

SAQ-7 (Project ID: 11117).

Statistical analysis 

Depending on the normality of distribution (assessed by 

the Shapiro-Wilk test), the data were presented as mean 

with the standard deviation (SD) or median with the 

interquartile range (IQR). Categorical data were analyzed 

using the McNemar-Bowker test, continuous data were 

analyzed using Student’s paired t-test or the Wilcoxon 

paired signed rank test depending on the results of the 

Shapiro-Wilk test for normality. Changes in CCS levels were 

compared using the McNemar-Bowker test. For the t-test, 

a sample mean and 95% confidence interval for mean were 

used and for the Wilcoxon test, a sample pseudomedian 

and 95% confidence interval (CI) for pseudomedian were 

shown. A significance level of alpha = 0.05 was assumed 

for all tests. All analyses were made using the statistical 

package R.

RESULTS AND DISCUSSION 
We retrospectively analyzed short-term outcomes of 

22 consecutive subjects after Reducer device implantation 

performed between April and September 2022. There 

were no specific exclusion criteria from the study. In this 

article, we presented data of all patients qualified for CS 

Reducer implantation for whom a full 1-month follow-up 

was available.  The vast majority of patients were male 

(86.3%) at an average age of 71.1 years and with history of 

previous coronary revascularization. In the study cohort, 

we noticed a high prevalence of cardiovascular risk factors 

(hypertension [100%], hyperlipidemia [81.8%], and diabe-

tes [63.6%]). Despite previous revascularization procedures 

and intensive pharmacological treatment (average of four 

antianginal drugs per patient), in most subjects, clinical 

symptoms of angina were poorly controlled (90.9% initially 

referred with CCS III or IV). In our cohort study, we observed 

successful implantation of CS Reducer in all subjects. Apart 

from one case (hospitalization prolonged due to sympto-

matic gastric ulcer disease), all patients were discharged the 

next day after the procedure. In terms of clinical outcomes 

after a one-month follow-up in 9 subjects, we observed an 

improvement by one CSS class (CCS IV to III — 1 subject; 

CCS III to II — 6 subjects; CCS II to I — 2 subjects). In 10 pa-

tients, we reported the reduction of symptoms by two CSS 

classes (CCS IV to II — 2 subjects; CCS III to I — 8 subjects). 

One subject achieved the highest possible improvement 

in symptom control (de-escalation from CCS IV to CCS I).  

All clinical data are presented in Table 1.  

Refractory angina pectoris is resistant to classical ther-

apeutic options for CAD patients. The prevalence of this 

disorder is relatively high and can reach up to 5%–10% 

of the stable CAD population [5]. It is well documented 

[1, 3, 5] that RAP is associated with poor quality of life, 

resulting in recurrent hospitalization, leading to a high 

level of healthcare resource utilization (in our cohort 

nearly four angina-related hospital admissions in cardi-

ology departments per year for each study subject). In 

the current article, we present the first Polish experience 

with CS Reducer. What needs to be emphasized is that so 

far data available from our country are mainly related to 

case studies [6, 7]. 

The main findings of the study are: (1) CS Reducer im-

plantation is a relatively safe procedure. In the presented 

study cohort despite high comorbidity, no serious adverse 

events related to the procedure were observed; (2) short-

term clinical effectiveness was noticeable and showed 

a significant improvement in angina control along with an 

increase in the 6MWT, and in terms of quality of life assessed 

by the SAQ-7 score.

Despite including the CS Reducer in the guidelines for 

the management of chronic coronary syndromes [2], still 

“real-world” data related to the safety and efficacy of this 

device are limited to small-sized studies [4, 8, 9]. In our 

study cohort, all procedures finished with successful im-

plantation of the CS Reducer device without any periproce-

dural complications. All patients were discharged on the 

following day after the implantation procedure. Similar 

to our findings, recently published data confirmed the 

safety and efficacy of the procedure [7–11]. Nevertheless, 

we observed a slightly higher success rate in comparison 

to other studies. Our encouraging results are undeniably 

related to an advanced proctoring program applied in 

our Cardiac Center along with the relatively high number 

of procedures performed in a short training period. It al-

lowed achieving a quick gain of the necessary experience 

and flattened the learning curve. The clinical outcomes 

obtained in our registry are encouraging, and we noticed 

a statistically significant improvement in all evaluated angi-

na gauges (6MWT and CCS score). Additionally, significant 

improvement was observed in terms of the quality-of-life 

rate (SAQ-7 score). All data regarding clinical outcomes 

were pooled in Table 1.

The present study has limitations that should be ac-

knowledged. It is a single-center observational registry 

with a relatively small number of enrolled patients and 

the absence of a control group. Additionally, the study 

refers to short-term outcomes mainly related to the 

quality-of-life parameters. Despite these limitations, the 

study included the largest number of patients treated 

with CS Reducer in Poland and confirmed the short-term 

safety and clinical efficiency of the CS Reducer device in 

a real-world setting.
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Table 1. LSSRR clinical data

Variables Study cohort

(n = 22)

Age, mean (SD) 71.1 (7.2)

Male sex, n (%) 19 (86.3)

Female sex, n (%) 3 (13.6)

BMI, kg/m2, mean (SD) 29.4 (4.4)

Hypertension, n (%) 22 (100)

Type 2 diabetes mellitus, n (%) 14 (63.6)

Hyperlipidemia, n (%) 18 (81.8)

Cigarette smoker, n (%) 7 (31.8)

Atrial fibrillation, n (%) 7 (31.8)

Peripheral arterial disease, n (%) 11 (50)

LVEF, %, median (IQR) 55 (40–60)

Heart failure, n (%) 9 (40.9)

Coronary artery disease — illness duration, years, mean (SD) 18.4 (8.3)

Antianginal drugs, median (IQR) 4 (3–4.75)

Admissions to Department of Cardiology — during previous year, median (IQR) 3 (3–4.75)

History of revascularization

PCI, n (%) 19 (86.4)

CABG, n (%) 18 (81.8)

PCI + CABG, n (%) 15 (68.2)

History of ACS

STEMI, n (%) 8 (36.4)

NSTEMI, n (%) 8 (36.4)

STEMI + NSTEMI, n (%) 2 (9.1)

Change in CCS class1 P = 0.003

CCS class 1-month FU

I II III IV Total

Baseline I 0 0 0 0 0 (0%)

II 2 0 0 0 2 (9.1%)

III 8 6 2 0 16 (72.7%)

IV 1 2 1 0 4 (18.2%)

Total 11 (50%) 8 (36.4%) 3 (13.6%) 0 (0%) 22 (100%)

6MWT Baseline 1-month FU P-value Group difference and Cl

Distance, m, mean (SD) 224.4 (99.9) 300.7 (124.1) <0.001 76.33 (41.5–111.14)

Duration, sec, median (IQR)  360 (247.5–360) 360 (338.5–360) 0.02 79.48 (20–162.5)

Borg’s scale score, mean (SD) 3.05 (1.36)  1.68 (1.36) 0.001 –1.36 (–2.11 to –0.62)

SAQ-7 Baseline 1-month FU P-value Group difference and Cl

SAQ-7 total score, mean (SD) 33.3 (13.88) 54.53 (19.44) <0.001 21.24 (12.16–30.32)

SAQ-7-PL, mean (SD) 35.23 (18.71) 54.17 (22.23) <0.001 18.94 (9.39–28.49)

SAQ-7-AF median (IQR) 40 (22.5–57.5) 65 (52.5–80) 0.001 30 (15–45)

SAQ-7-QL median (IQR) 18.75 (12.5–37.5) 43.75 (25–59.4) <0.001 25 (12.5–43.75)

1Table cells colored red correspond to an increase in CCS grade, yellow cells correspond to no change in CCS grade, green cells correspond to a decrease in CCS grade

Abbreviations: 6MWT, six-minute walk test; ACS, acute coronary syndrome; BMI, body mass index; CABG, coronary artery bypass grafting; CCS, Canadian Cardiovascular 

Society; CI, mean or pseudomedian difference 95% confidence interval; FU, follow-up; LVEF, left ventricular ejection fraction; NSTEMI, non-ST-segment elevation myocardial 

infarction; PCI, percutaneous coronary intervention; SAQ-7, Seattle Angina Questionnaire — 7 items; SAQ-7-AF, Angina Frequency Score; SAQ-7-PL, Physical Limitation Score; 

SAQ-7-QL, Quality of Life Score; SD, standard deviation; STEMI, ST-segment elevation myocardial infarction
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INTRODUCTION
Electrocardiogram (ECG) changes in athletes 

are common and occur because of electrical 

and structural adaptations due to sports 

activities. The correct interpretation of ECG is 

essential because sometimes results indicat-

ing underlying cardiovascular disease may 

be misinterpreted as regular changes due to 

exercise [1]. Pediatric athletes have a greater 

prevalence of training-related or unrelated 

ECG changes than non-athletes [2]. In athletes, 

arrhythmogenic right ventricular cardiomy-

opathy (ARVC) is a symptom of myocardial 

damage and severe ventricular arrhythmias 

characterized by fibro‐fatty replacement of 

the right ventricular myocardium. It is asso-

ciated with sudden cardiac death [3]. ARVC is 

caused mainly by inherited mutations in pro-

teins of the desmosomal complex [4]. It is un-

clear whether ARVC can be exercise-induced, 

but it has been recognized that extreme exer-

cise can worsen the disease resulting in earlier 

and more severe phenotypic expression [5]. 

Physiological cardiac adaptation to regular 

exercise may create diagnostic overlap with 

this syndrome [6]. 

An indicator of activation delay  pro-

longed terminal activation of QRS (QRS 

delayed S-wave upstroke with a terminal 

activation duration [TAD] ≥55 ms in the right 

precordial leads) is a factor of superior sensi-

tivity and high specificity, as it was included 

in the modification of Task Force Criteria 

for the clinical diagnosis of ARVC [7, 8]. Our 

observational study aimed to find factors 

associated with terminal activation delay in 

young athletes. 

METHODS
This retrospective observational study was 

conducted at Novi Sad Healthcare Center, 

Sports Medicine Center. There were 254 par-

ticipants, young, healthy athletes involved in 

regular training, aged 6–15 years, 168 males 

and 86 females. Characteristics of participants 

are given in Table 1. The study group con-

sisted of healthy children who had regular 

pre-participation examinations performed by 

sports physicians consecutively from July 1 to 

November 1, 2020. 

Exclusion criteria were COVID-19 or an-

other infection in the previous three months, 

abnormalities in the P wave, QRS complex, 

ST-segment, T waves, and QT interval, or 

rhythm and conduction abnormalities. This 

research study was conducted retrospectively 

based on the data obtained for clinical pur-

poses. The study was approved by the Ethical 

Committee of the Novi Sad Healthcare Center 

(approval no. 21/1-1 of 21.1.2021). 

The ECG examination of all children was 

done using HeartScreen 60-IKO (Innomed, 

Inc., Savannah, GA, US). The speed of the 

ECG paper was 25 mm/s, and the gain was 

10 mm/mV. The assessment of TAD was done 

by two independent investigators. 

The training duration concerns only chil-

dren involved in selected sports disciplines 

since every child has 5 hours of regular phys-

ical activity at school. This is the same for all 

children; only duration data on children in 

training were considered here.

Terminal activation duration of QRS was 

measured as the time from the nadir of the 

S wave to the end of all depolarization deflec-
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tions in leads V1–V3. It is prolonged if it is greater than or 

equal to 55 ms in any of the V1–V3 leads in the absence of 

complete right bundle branch block [8]. 

The children were divided into three groups according 

to age, body mass index (BMI) status: normal, overweight, 

and obese, according to the BMI-for-age percentile chart 

[9], and duration of training per week and into four groups 

according to the years in training (Supplementary material, 

Table S2).

Statistical analysis

In the final analysis, 254 children were included. Nineteen 

participants were excluded due to missing data (3) and the 

exclusion criteria (16). Categorical variables were presented 

as numbers and percentages. Continuous variables were 

expressed as mean (SD) or median (interquartile range 

[IQR]). The Mann-Whitney U-test and Kruskal-Wallis tests 

with Dunn post-hoc test were used to compare the differ-

ences in  TAD between groups. Spearman rank correlation 

was used to assess the relationships between numerical 

variables. The P-value of <0.05 was considered to be sta-

tistically significant. We analyzed the data using MedCalc® 

Statistical Software version 20.104 (MedCalc Software Ltd, 

Ostend, Belgium; https://www.medcalc.org; 2022), TIBCO 

Software Inc. (2020), Data Science Workbench, version 

14 (http://tibco.com). 

RESULTS AND DISCUSSION
The characteristics of the study participants are given in 

Table 1 (sports, age, sex, height, weight, BMI, physical ac-

tivity level, and years in training). The distribution of TAD in 

the whole sample had a median (IQR) of 40 (30–40) ms. In 

the Supplementary material, Table S1, TAD is compared 

according to sex, age, body mass index (BMI) hours of 

training per week, and years in training. 

There was a significant difference in TAD between males 

and females (P = 0.02). There was no significant difference 

in TAD in the three BMI status groups or in the three age 

groups. 

Regarding activity level per week, there was a sta-

tistically significant difference among the three groups  

(P <0.001). According to the Dunn post-hoc test, it was de-

termined that there was no statistical difference between 

the first and the second groups, but there was a difference 

between the first (and the second) and the third groups 

(P <0.001). Regarding the number of years in training, 

there was a statistically significant difference among the 

four groups (P = 0.04). Correlations between TAD and age, 

BMI, the number of hours of training per week, and the 

number of training years are presented in Supplementary 

material, Table S2.

A terminal activation duration of 55 ms or more is 

a minor criterion for diagnosing possible arrhythmogenic 

cardiomyopathy [10]. We determined factors associated 

with an increase in activation duration. We used a math-

ematical principle of continuity which assumes that the 

terminal activation duration increases gradually. Hence, 

the values close to 55 ms meant that they could be over 

55 ms at some point if the tendency influenced by this 

factor persists. We found that TAD is associated with years in 

training and level of activity but not with the age of children 

or other characteristics. The question is whether the high 

intensity of exercise can influence the prolonged activation 

duration and the related physiological phenomena. In the 

group of 254 children, only 18 had prolonged TAD (≥55 ms), 

and they underwent further investigations at the cardiac 

department. On echocardiographic examination, all the 

results were normal. They did not have a genetic study, but 

the family history of cardiovascular disease was considered. 

Concerning further investigation, diagnosing myocarditis 

might be challenging. According to the cardiac protocol in 

Serbia, further analyses were not recommended, but the 

children were under close surveillance. 

In order to establish ARVC or myocarditis diagnosis, it is 

necessary to perform magnetic resonance, so in our study, 

reaching any conclusions about the reason for abnormal 

TAD was impossible. We are planning to perform magnetic 

resonance of the heart in a further study, which would give 

us data about the size and state of the myocardium of the 

right ventricle.

The terminal activation delay of ≥55 ms was associated 

with larger right ventricle (RV) volume and lower RV ejec-

tion fraction [11] in patients with ARVC. Hence, TAD might 

be a factor connected to exercise-induced cardiac remod-

eling. It was indicated that endurance training influences 

the cardiac remodeling of male preadolescent athletes with 

increased RV dimensions and preserved RV function [12]. 

It was found that the terminal activation delay was the 

only ECG abnormality in the asymptomatic mutation car-

riers not fulfilling the 2010 Task Force Criteria and without 

a history of ventricular arrhythmias (in 26% of cases) [13]. 

The limitation of the study is that further testing (except 

Table 1. Characteristics of study participants

All

Number 254

Age, years, mean (SD) 10.63 (2.01)

Sports, n

Soccer 33

Volleyball 15

Dancing 13

Basketball 11 

Swimming 11

Martial arts 10

Athletics 4

Gymnastics 2

Handball  1

Height, cm, mean (SD) 149.80 (14.61)

Weight, kg, mean (SD) 44.07 (14.34)

BMI, kg/m2, mean (SD) 19.19 (3.74)

Physical activity level, hours per week, median (IQR) 3 (3–4)

Years in training, years, median (IQR) 3 (2–4)

Abbreviations: BMI, body mass index
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echocardiography) was not conducted on children with 

prolonged TAD. 

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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Severe prosthesis underexpansion during 

transcatheter aortic valve implantation (TAVI) 

may have serious consequences and requires 

immediate corrective measures. Migration 

of the device into the aorta can be solved 

interventionally or conservatively or even 

surgically in the case of aortic injury [1]. Deep 

ventricular embolization, on the other hand, 

requires urgent open-heart surgery in the vast 

majority of cases [1].

A 77-year-old female patient was referred 

for elective TAVI. She had earlier received  

a permanent pacemaker for a complete atrio-

ventricular block. Her comorbidities included 

osteoporosis, dyslipidemia, and previous hip 

replacement. Baseline transthoracic echocar-

diography (TTE) documented severe aortic 

stenosis with mean gradient of 67 mm Hg 

while left ventricular ejection fraction was 

preserved. Coronary angiography revealed 

no significant coronary lesions. A computed 

tomography scan showed diffuse iliac and 

aortic atherosclerosis but no contraindications 

to the left transfemoral approach. The right 

femoral artery was rather unsuitable for any 

sheath bigger than 8 F. The aortic valve was 

confirmed as tricuspid with extensive diffuse 

leaflet calcification (Figure 1A). An aortic an-

nulus perimeter of 72.2 mm combined with an 

expandable hydrophilic 14 F delivery sheath 

(iSleeve, Boston Scientific, Marlborough, MA, 

US) facilitated ACURATE neo2 M (Boston Sci-

entific) device choice [2]. 

Right radial access was used for 6 F pigtail 

insertion. Proglide-assisted 14 F sheath inser-

tion over the Amplatz Ultra Stiff guidewire was 

completed with some difficulties, followed by 

a standard introduction of Safari S (Boston 

Scientific) pre-shaped guidewire. Based on 

an area-derived annular diameter of 22.6 mm, 

a non-compliant 22/40 mm VACS III (Osypka, 

Germany) balloon was chosen for aggres-

sive predilatation, which was successfully 

executed with the support of left-ventricular 

guidewire rapid pacing (Supplementary 

material, Video S1). Then, routine ACURATE 

neo2 M valve implantation was performed. 

To our surprise, unexpected high-grade valve 

underexpansion was visualized in both 3-cusp 

and overlap views (Figure 1B, C), which made 

removal of the delivery system impossible 

without increased risk for valve pop-out. As 

both the hemodynamic status of the patient 

and valve position remained stable, initially 

a conservative strategy was chosen, but 

there was no spontaneous improvement of 

valve expansion after 10 minutes of watchful 

waiting. An 8 F sheath was inserted into the 

right femoral artery and used for standard 

ACURATE neo2 valve crossing and parallel 

Safari S introduction, followed by 8 F-compat-

ible semi-compliant 20/40 mm Osypka VACS 

II balloon (Osypka, Germany) postdilatation 

(Figure 1D, Supplementary material, Video S2). 

It resulted in partial but significant valve ex-

pansion, which allowed for successful delivery 
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system removal. As moderate paravalvular leak (PVL) was 

still present, final valve postdilatation with a non-compliant 

22/40 mm Osypka VACS III (Osypka, Germany) balloon was 

performed (Supplementary material, Video S3). Both the fi-

nal aortogram (Figure 1E) and TTE confirmed optimal valve 

position and function with only trace PVL and 13/6 mm Hg 

gradient (Figure 1F). The patient was discharged two days 

later as per local practice and remains asymptomatic in 

short-term follow-up.

Significant ACURATE neo2 valve underexpansion 

precluding safe delivery system removal can occur in the 

presence of massive aortic valve calcifications [3]. If not 

resolved spontaneously, it can be treated with parallel 

guidewire insertion and postdilatation [3, 4].

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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Figure 1. A. Massive aortic valve calcifications showed on computed tomography. B. Severe valve mal opening, three-cusp coplanar view.  

C. Extreme valve mal opening, cusp overlap coplanar view. D. Initial postdilatation with a semi-compliant 20 mm/40 mm 8 F sheath com-

patible balloon via an additional guidewire inserted into the left ventricle across the valve prosthesis. E. Postdilatation with a non-compliant 

22 mm/40 mm balloon. F. Final angiographic result of ACURATE neo2 implantation
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Iatrogenic coronary artery occlusion is a rare 

and frequently overlooked but life-threaten-

ing complication of mitral valve surgery [1]. 

The incidence is reported to be 0.15% to 1.8% 

of all cardiac procedures [4]. 

Although the possibility of such a com-

plication has been known for a long time, an 

increasing number of cardiac surgeries makes 

the awareness of this complication lose its 

importance, which is confirmed by the current 

prevention and management algorithms pub-

lished in 2021 [4]. There are still no uniform 

standards or guidelines for the treatment in 

such clinical situations. Even expert opinions 

are missing [5]. The risk of damage to the 

circumflex coronary artery (Cx) is caused by 

its proximity to the posterior segment of the 

mitral annulus [2]. The most common patho-

mechanism is direct damage to the circumflex 

artery through suture ligation, laceration, or 

annuloplasty device distortion during mitral 

valve repair [3].

We present a case of a 73-year-old male 

patient with severe mitral regurgitation, 

clinically known single-vessel ischemic heart 

disease, chronic New York Heart Association 

(NYHA) class  III heart failure, and persistent 

atrial fibrillation (AF). He was admitted to the 

Department of Cardiac Surgery for surgical 

treatment. Transthoracic echocardiography 

(TTE) examination revealed mildly reduced 

left ventricular ejection fraction (LVEF, 48%), 

enlarged left atrium (LA, 5.6 cm), enlarged left 

ventricle (LV, 5.7 cm), and interventricular sep-

tum hypertrophy (IVSD, 1.3 cm). The patient 

underwent surgical implantation of a biolog-

ical mitral valve prosthesis (Perimount-27,  

Edwards-Lifesciences) combined with cor-

onary artery bypass grafting (Left-Inter-

nal-Mammary-Artery to Left Anterior De-

scending-Artery, LIMA-LAD), and surgical 

ablation of the AF substrate in the left atrium.

Cardiac surgery was conducted under 

extremely challenging anatomical conditions, 

which may explain the occurrence of the 

complication. The procedure was performed 

via medial sternotomy and extracorporeal 

circulation. The heart was enlarged. There 

were poor anatomical conditions: a deeply 

located atrium with a corrugated wall. Due to 

chordal rupture and a restricted anterior-mi-

tral-valve-leaflet in the mitral valve, plastic 

surgery was not performed. The subvalvular 

apparatus was left. The bioprosthetic valve 

was implanted with single mattress sutures.

After surgery, a 12-lead-electrocardiogram 

showed acute inferior myocardial infarction 

with ST-segment elevation (Figure 1A). In 

laboratory tests, a significant increase in car-

diac troponin I was detected (18043.3 ng/l; 

n <46.47 ng/l). TTE revealed decreased left 

ventricular systolic function (EF, 43%), hy-

pokinesis of the inferior wall, proper valve 

function with no paravalvular leak, mean 

gradient of 6 mmHg, and maximum gradient 

of 17 mm Hg). Urgent coronary angiography 

was performed, confirming iatrogenic closure 

of Cx (Figure 1B–D). Since the Cx closure was 

diagnosed after the end of cardiac surgery, 

according to the currently proposed algo-

rithm, we decided to attempt percutaneous 

intervention [4]. At the same time, a successful 

percutaneous coronary intervention of Cx 

was performed after numerous attempts at 
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predilatation with balloons of progressively larger sizes 

by slowly escalating the inflation pressures and carefully 

observing the modeling of the vessel on the balloon.

The gradation of the balloon sizes (Mini Trek, 2.0/15; 

Trek, 2.5/20, Abbott, Chicago, IL, US) was applied as an 

equivalent of intravascular ultrasound (IVUS) assessment, 

as it was not possible to perform it in the on-call situation. 

Another justification for this approach was an intention to 

carefully test for a potentially possible tear or cut on the Cx 

balloon caused by its stitching. Finally, after using the last 

balloon (NC, Solarice 3,0/20; Medtronic, Minneapolis, MI, 

US), due to the “recoil” of the vessel, a drug-eluting stent 

(DES, Xience 3.5/25, Abbott) was implanted with a very 

good angiographic effect (Figure 1E–F). The patient was 

discharged home 9 days after surgery in good condition.
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Figure 1. A. ECG: effective ventricular pacing with visible ST-T segment elevation on the inferior wall (leads II, III, and aVF) and lateral wall 

(lead V
6
) with ST-T and reciprocal mirror reflections on the anterior wall (leads I and aVL). ECG recorded at a paper speed of 25 mm/s and 

a voltage of 10 mm/mV. B. CA (RAO 26, CAU 24): occlusion in the proximal part (eleventh segment) of the CX (the arrow is pointing at the oc-

clusion site) close to the mitral valve bioprosthesis (dashed arrow). C. PCI (LAO 26, CAU 18): occlusion in the proximal part (eleventh segment) 

of the CX (the arrow is pointing at the occlusion site) close to the mitral valve bioprosthesis (dashed arrow); the double solid arrows are point-

ing at the guidewire. D. PCI (LAO 32, CAU 18): angioplastic balloon inflation in the proximal part (eleventh segment) of the CX (solid arrow); 

the dashed arrow is pointing at the mitral valve bioprosthesis. E. PCI (LAO 32, CAU 18): the initial stage of stent expansion at the lesion site 

with visible modeling in the center of the balloon in the proximal part (eleventh segment) of the CX (solid arrow); the dashed arrow is point-

ing at the mitral valve bioprosthesis. F. (on the left) CA (LAO 36, CAU 13) and (on the right) — CA (RAO 8, CAU 31): good final angiographic 

result with TIMI 3 flow; the dashed arrow is pointing at the artificial valve  

Abbreviations: CA, coronary angiography; CAU, caudal view; CX, circumflex branch of the left coronary artery; ECG, electrocardiogram; LAO, left 

anterior oblique view; PCI, percutaneous coronary intervention; RAO, right anterior oblique view; TIMI, Thrombolysis in Myocardial Infarction
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We present transthoracic echocardiographic 

(TTE) findings suggesting a retroaortic course of 

the coronary artery (CA) related to an anomalous 

origin of the circumflex or whole left CA  from 

the proximal part of the right CA or right Valsalva 

sinus, named formerly as a “crossed aorta” or “ret-

roaortic anomalous coronary” (RAC) sign [1, 2].

A 57-year-old man treated surgically for 

aortic aneurysm and regurgitation with an im-

planted mechanical bileaflet aortic valve SJM 

27/28 (St. Jude Medica, Inc., Little Canada, MN, 

US) with conduit, suffered heart palpitation 

three months after surgery. On admission, atri-

al fibrillation was diagnosed, and TTE showed 

good function of aortic prosthesis, preserved 

left ventricular ejection fraction (LVEF) of 50%, 

and mild impairment of right ventricular func-

tion. In apical view, two parallel bright echo 

lines separated with 2–3 mm hypoechogenic 

space were visible near the level of the aortic 

annulus through the whole heart cycle (Fig-

ure 1A and Supplementary material, Video 

S1). This image corresponded to the “crossed 

aorta” sign, described later also as the RAC 

sign, with estimated 63% sensitivity and 94% 

specificity for the retroaortic course of CA 

diagnosis [1, 3]. The crossed aorta sign reflects 

a long cross-section of the CA and, if true 

positive, should be accompanied by a “bleb 

sign” rendering the short-axis of the CA in the 

parasternal long-axis view on TTE seen more 

clearly on transesophageal echocardiography, 

see Figure B1–B4. [3] Our patient, however, 

did not present a “bleb sign,” and computed 

tomography (CT) done before surgery dis-

played a normal origin of the left CA from 

the left Valsalva sinus, revealing, however, an 

additional vessel behind the proximal part 

of the descending aorta (Figure A2–A5 and 

Supplementary material, Video S2).

This vignette illustrates the situation 

when the suspected crossed aorta sign or 

very similar manifestation did not correspond 

with the diagnosis of anomalous origin of the 

left or circumflex CA in a patient after Bentall 

surgery and with an additional extracoronary, 

retroaortic vessel on CT, and such circum-

stances should be taken into account since, 

so far, false positive RAC signs were ascribed 

only to the presence of valve and annulus 

calcification [4]. On the other hand, data are 

accumulating that the retroaortic course of the 

CA may, in many specific circumstances, pose 

a significant health risk to patients (related e.g. 

to ischemia or increased risk during surgical 

procedures), underscoring the importance of 

echocardiographic screening based on a broad 

knowledge of described signs and enabling 

an effective preliminary diagnosis [5]. The 

detection of the crossed aorta sign during TTE 

should prompt the diagnosis of potential isch-

emia of the inferolateral or posterior wall (e.g. 

with dobutamine) since both – possible pres-

sure by close structures and more advanced 

atherosclerosis of the anomalous artery – were 

reported in the literature. This, as well as the 

awareness of the possible false positives, such 

as calcification (devoid, however, of hypoe-

chogenic center and moving synchronously 

with valve leaflets) and the coronary sinus or 

atypical vessel in the retroaortic region, may 

enhance the utility of TTE examination. 

Supplementary material

Supplementary material is available at https://

journals.viamedica.pl/kardiologia_polska.
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Figure 1. Apposition of the images of a mechanical bileaflet aortic valve presenting a “crossed aorta” sign despite normal anatomy of the 

origin and proximal course of the left CA (images labeled with letter A) with the images (from another patient) of anomalous origin of the 

circumflex CA from the right coronary artery forming a true positive for the retroaortic course of the CA “crossed aorta” or RAC sign as well 

as a “bleb sign” on a transesophageal study (images labeled with letter B). A1–A3. False-positive or pseudo-crossed aorta sign. A1. Crossed 

aorta sign (white arrow) in the apical view. A2. Echo shadow originating from the posterior aortic valve disc obliterates the retroaortic region 

at the base of the mitral leaflet when the presence of a “bleb sign” should be assessed (white arrow). A3. The opened mechanical aortic 

discs form parallel lines inside the aortic lumen in the long-axis parasternal view during systole (white arrow). B1–B3. Special version of 

a true positive crossed aorta sign (with coronary stent inside). B1. Crossed aorta sign (red arrow) in the apical view, image is formed by the 

retroaortic course of the circumflex CA which additionally has a stent implanted in its proximal part enhancing the image of the vessel wall 

(B2) Cross-section of the stented retroaortic circumflex artery is visible as hyperechogenic speckle in the aorto-mitral angle (red arrow) (B3) 

the same region examined with better resolution on transesophageal echocardiography shows very clearly cross-section of the anomalous 

circumflex artery with an implanted stent, forming a special version of stented “bleb sign” with the hypoechogenic vessel lumen inside the 

hyperechogenic ring (red arrow). A4. Normal origin and division of the left main CA on CT examination performed before Bentall surgery 

(green arrow).  A5. Additional vessel coursing in the posterior region of the descending aorta visible in the contrast phase of the CT study 

assessed as a collateral vessel without clinical significance for coronary circulation — for this vessel, however, the probability of it being 

responsible for forming the crossed aorta sign was assessed by a radiologist as low (yellow arrow). B4. Coronary angiography of the patient 

with a true crossed aorta and bleb sign documenting the retroaortic course of the circumflex CA originating from the right CA. Some images 

shown in panels B were published previously in [1]

Abbreviations: CA, coronary artery; CT, computed tomography; RAC, retroaortic coronary artery
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A4 A5 B4
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A 69-year-old diabetic and overweight wom-

an underwent elective coronary angiography 

(CAG) for the treatment of severe right cor-

onary artery stenosis. CAG was performed 

through the right femoral artery (RFA), after 

multiple puncture attempts, since the radi-

al/ulnar arteries were not palpable. During 

the procedure, she reported back pain and 

developed severe hypotension. Fluoroscopy 

revealed indentation of the margin of the 

bladder (Figure 1, white arrowheads, Sup-

plementary material, Video S1), known as 

the “dented bladder sign”, and contrast ex-

travasation lateral to the RFA (Figure 1, black 

arrow, Supplementary material, Video S1) 

suggesting the diagnosis of retroperitoneal 

hemorrhage (RPH). An urgent bedside ultra-

sound confirmed RPH. The “dented bladder 

sign” is a finding noted during fluoroscopy, 

X-ray, or CT-scan in the contrast-filled bladder 

suggestive of external compression and is 

an important early marker of RPH [1]. Our 

patient was stabilized after administration 

of intravenous fluids, blood transfusion, 

and vasopressors and underwent urgent 

vascular surgery. The postoperative course 

was uneventful. 

Patients who undergo angiography 

receive sufficient contrast volume that a po-

tentially useful cystogram can be visualized by 

the end of the procedure. External compres-

sion of the margin of the bladder after cardiac 

or peripheral catheterization can occur due 

to blood accumulation through a perforated 

Figure 1. Fluoroscopy show-

ing indentation of the margin 

of the contrast-filled bladder 

(white arrowheads) sugges-

tive of external compression 

known as the “dented bladder 

sign” and contrast extrav-

asation lateral to the right 

femoral artery (black arrow), 

prompting the diagnosis of 

retroperitoneal hemorrhage
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femoral or iliac artery after a high puncture [1]. Female 

sex, body surface area extremes, high puncture over the 

inferior epigastric artery, glycoprotein IIb/IIIa inhibitor use, 

sheath size >8 F, and the use of vascular closure devices 

have been described as serious risk factors for RPH while 

ultrasound-guided cannulation of the femoral artery is 

associated with lower rates of vascular access complications 

[1–3]. Treatment includes fluid resuscitation, reversal of 

anticoagulation, transfusion of blood products, percuta-

neous intervention with balloon inflation or covered stent 

implantation, and surgical intervention [1]. 

The adoption of the radial artery as default vascular 

access for interventional cardiologists can decrease com-

petency in the femoral approach. Nonetheless, the femoral 

strategy is still used during CAG, complex coronary, or 

valve interventions underpinning the importance of skill 

maintenance and early identification of possible com-

plications. The retroperitoneum can harbor a substantial 

volume of blood before specific symptoms and signs occur, 

delaying RPH diagnosis with detrimental consequenc-

es. Bleeding — especially RPH — following percutaneous 

coronary interventions carries a dismal prognosis [1]. A re-

cent study highlighted that vascular access complications 

were among the 3 most common etiologies of bleeding 

events in Polish cardiac wards [4]. Therefore, sheath angi-

ography and fluoroscopy of the bladder are tools of utmost 

importance for prompt diagnosis of RPH.

While RPH is an uncommon complication of catheter-

ization, it is associated with high morbidity and mortality, 

requiring vigilance and timely recognition. In the era of 

radial access for the new generation of interventional car-

diologists, the “dented bladder sign” is an easily identifiable 

and highly specific marker of RPH and can be depicted on 

an incidental cystogram during catheterization.

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska
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The Euro CTO Club guidelines advise against 

performing ad hoc coronary intervention (PCI) 

of chronic total occlusion (CTO) — it should 

be done after a careful analysis of coronary 

angiography [1]. However, performing mul-

tislice computed tomography (MSCT) of the 

coronary arteries before coronary angiogra-

phy may change this strategy.

MSCT of the coronary arteries was per-

formed in a 58-year-old man with arterial 

hypertension, hypercholesterolemia, type 

2 diabetes mellitus, and Canadian Cardiovas-

cular Society (CCS) class II angina over a period 

of 12 months. MSCT showed a 10 mm occlu-

sion (Figure 1A, 1C) in the proximal segment 

of the dominant right coronary artery (RCA). 

In addition, there was critical stenosis distal 

to the occlusion.

Angiography (Figure 1B, 1D), in contrast to 

the MSCT results, revealed a 40 mm long RCA 

CTO with bifurcation at the distal cap. The CTO 

had an ambiguous proximal cap, and the distal 

part of the vessel could be visualized with 

ipsilateral and contralateral collaterals (J-CTO 

score 2 — intermediate category of difficulty).

Based on the information from MSCT 

(visible entry and length — CT-RECTOR score 

— 0 — easy difficulty category), in contrast 

to the angiography result, the dedicated CTO 

operator decided to perform ad hoc PCI CTO 

from right femoral arterial access.

Using Gaia Second and Confianza wires 

and a microcatheter, the lesion was crossed 

in 25 seconds. After pre-dilation, a Xience Pro 

drug-eluting stent (3.5 × 48 mm) was implant-

ed, followed post-dilation by an NC balloon 

inflated to 18 atmospheres (Figure 1E). The 

CTO procedure lasted 20 minutes (45 minutes 

with angiography), with a radiation dose of 

0.229 Gy, fluoroscopy time — 16.1 minutes, 

and contrast — 200 ml. The periprocedural 

period was uncomplicated.

In conclusion, distal RCA stenosis blocked 

the retrograde flow of contrast, mimicking 

a much longer CTO lesion in angiography. 

Based on the MSCT reconstruction, ad hoc PCI 

CTO could be performed.

Coronary CT angiography has become 

a significant step forward in evaluating the 

benefit-risk balance of the CTO PCI procedure 

[2]. The main purpose of using MSCT before 

CTO PCI is to quantify the structure of ath-

erosclerotic plaque and to provide detailed 

anatomical information about coronary 

vascularity [2].

According to the literature, pre-procedural 

coronary CT guidance for CTO was associated 

with fewer direct periprocedural complica-

tions, including periprocedural myocardial 

infarction and coronary perforation [3]. The 

intra-procedural use of CT may be limited by 

the need for additional doses of radiation and 

contrast in patients undergoing PCI [4]. How-

ever, CT-guided CTO procedures have been 

found to have significantly higher success 

rates than procedures performed without CT 

[4, 5]. What is more, CT-guided PCI is associ-

ated with a shorter procedure duration, so it 

can be hypothesized that the dose of radiation 

and contrast during these procedures may 

be lower than in patients not undergoing CT 

scans [4].

Coronary CT angiography is becoming 

the basic tool in the treatment of CTO from 
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pre-procedural evaluation and intra-procedural control to 

follow-up [4]. A new horizon in interventional cardiology 

could be the use of CT scans directly in the catheterization 

lab for real-time PCI [4].
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Figure 1. A. Multislice computed tomography (MSCT) — a 10 mm occlusion (blue arrow) in the proximal segment of the dominant right 

coronary artery (RCA). B. Right coronary artery (RAO 30° projection) — proximal occlusion (yellow arrow), blunt stump visible. From the ipsi-

lateral collateral circulation, the middle and distal sections fill. End of occlusion (red arrow). The length of the occlusion assessed angiographi-

cally — approx. 40–45 mm. C. MSCT (RAO 18) — a 10 mm occlusion in the proximal segment of the dominant right coronary artery (RCA).  

D. Right coronary artery (LAO 30° projection) — proximal occlusion (yellow arrow), blunt stump visible. From the ipsilateral collateral circula-

tion, the middle and distal sections fill. End of occlusion (red arrow). Angiographically assessed occlusion length — approx. 40–45 mm.  

E. Right coronary artery (RAO 30° projection), image after stent implantation
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A patient with a diagnosed bicuspid aortic 

valve, mild aortic regurgitation was hospi-

talized in 2014 with symptoms of chronic 

heart failure (CHF; New York Heart Associa-

tion [NYHA] class II), multiple unexplained 

ventricular and supraventricular arrhythmias, 

episodes of supraventricular tachycardia, 

paroxysmal atrial fibrillation, and preserved 

ejection fraction (EF; 55%). Coronary angiogra-

phy showed nonsignificant atherosclerosis. In 

2015, he was admitted with CHF symptoms 

(NYHA III) and multiple supraventricular ar-

rhythmias. Echocardiography (ECHO) showed 

global left ventricular (LV) hypokinesis, re-

duced EF (40%), and no signs of aortic valve 

and interventricular septum (IVS) distortion. 

Until then, the cardiac inflammatory process 

had not been established.

Six years later (2021), he was admitted to 

the hospital with a non-ST-segment elevation 

myocardial infarction (NSTEMI). Admission 

ECHO revealed LV enlargement (63 mm), 

segmental contractility abnormalities (EF, 

45%), bicuspid aortic valve with mild systolic 

gradient, and moderate regurgitation. Addi-

tionally, ECHO showed a cavity (28 ×18 mm) 

with diastole filling and systole emptying in 

the basal part of the IVS (Figure 1A). Coronary 

angiography was postponed until urgent 

cardiac magnetic resonance (CMR) was per-

formed. CMR confirmed segmental akinesia 

in the basal segment of the lateral wall and 

inferoseptal segment in the location of the 

described cavity in the LV outflow tract (Fig-

ure 1B, C). The IVS cavity communicated with 

the lumen of the LV, filled during diastole, 

and emptied partially in systole. Addition-

ally, a perforation in the non-coronary cusp 

communicating with this cavity was revealed. 

Performed coronary angiography showed 

critical left main coronary artery (LM) stenosis 

on bifurcation with the left anterior descend-

ing artery (LAD) and left circumflex coronary 

artery ostium along with subtotal stenosis of 

the LAD on bifurcation with a large diagonal 

branch (Figure 1D). Due to advanced coronary 

artery disease and the bicuspid aortic cusp 

perforation to the cavity in the IVS, the pa-

tient was qualified for cardiac surgery (Figure 

1E, F). Successful aortic valve replacement 

with mechanical AVR 21 ONX prosthesis, IVS 

cavity closure, and coronary artery bypass 

grafts with left internal mammary artery to 

left anterior descending artery (LIMA-LAD), 

Saphenous vein bypass graft to the diagonal 

artery (SVBG-Diag) were performed. Histopa-

thology of the aortic leaflet revealed a chronic 

atypical inflammatory process, without bacte-

rial vegetations.

In this myocardial infarction (MI) patient 

without an active inflammatory process, ECHO 

raised suspicion of an IVS rupture within the is-

chemic zone with the formation of a pseudoan-

eurysm. Cardiac pseudoaneurysms are a rare 

complication of MI or bacterial endocarditis [1]

[2]. Further ECHO examinations and CMR raised 

suspicion of the inflammatory damage to the 

aortic leaflet with a reverse jet towards the 

injured IVS. The atypical inflammatory process 

without bacterial vegetation was confirmed in 

cardiac surgery and histopathology. 

Nevertheless, the patient had not been 

previously diagnosed with cardiac inflam-

matory disease, and numerous recurrent 
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arrhythmias could reflect the subclinical inflammatory 

process. Because coronary angiography demonstrated 

critical LM bifurcation stenosis with deep ischemia caus-

ing NSTEMI, even after surgery, it could not be ruled out 

whether the IVS post-inflammatory cavity contacted the LV 

outflow tract before MI or whether this cavity perforated to 

the LV lumen in the course of post-infarction tissue necrosis.

Imaging is crucial for establishing a diagnosis and 

guiding appropriate treatment, CMR and tomography are 

the basis of anatomical characterization and differentiation 

from other diseases, such as a true LV aneurysm [3–5]. This 

case presents a situation where pre-coronary angiography 

ECHO in acute MI influenced the decision process.
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Figure 1. A. Transthoracic echocardiography — a cavity in the basal part of the interventricular septum (arrow). B. Cardiac magnetic reso-

nance (CMR) — a cavity in the basal part of the interventricular septum (arrow). C. CMR — a cavity in the basal part of the interventricular 

septum (arrow). D. Coronary angiography — a caudal view of left main coronary artery stenosis on bifurcation with the left anterior de-

scending artery and left circumflex coronary artery ostium (Medina 1-1-1) (arrow); subtotal stenosis of the left anterior descending artery on 

bifurcation with a large diagonal branch (Medina 1-1-1) (arrow). E. Intraoperative view of the intraventricular septum pseudoaneurysm cavity 

(arrow). F. Intraoperative view of the intraventricular septum pseudoaneurysm cavity (arrow)
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Leadless pacemakers (LP) should be viewed 

as an alternative to conventional transvenous 

systems to address typical limitations includ-

ing venous route issues, lead-related compli-

cations, and infections [1, 2]. Additionally, they 

may be considered in complex patients [3]. 

Published data regarding LP implantation in 

adults with congenital heart disease (ACHD) 

are scarce [4, 5]. ACHD patients with complex 

cardiovascular anatomy are at high risk of 

conduction disturbances including complete 

heart block. This report describes a successful 

LP (Micra TM VR, Medtronic Inc., Dublin, Ireland) 

implantation in an ACHD patient with a uni-

ventricular heart. 

A 42-year-old male with a single, dou-

ble-inlet, significantly enlarged left ventricle 

(LV), with good global contractility, hypoplastic 

right ventricle (RV), ventricular septal defect, 

subvalvular pulmonary stenosis, aneurysmal 

dilated main pulmonary artery, and L-trans-

position of the great arteries (Figure 1A–C, 

Figure 1. A. Computed tomography scan — Volume Rendering Technique. L-transposition of the great arteries 

— the main pulmonary artery (blue arrow) and the aorta (yellow arrow) are in transposition. A significantly 

functionally enlarged single ventricle (red arrow). B. Cardiac magnetic resonance. Double-inlet left ventricle 

(LV) with two separate atrioventricular valves, enlarged left (LA) and right atrium (RA), rudimentary right 

ventricle, ventricular septal defect, and transposition of the great arteries. C. Transthoracic echocardiogram. 

Double-inlet LV with two separate atrioventricular valves, enlarged LA and RA. D. Transesophageal echocardio-

gram. Positioning of the leadless pacemaker. Delivery system (red arrows). E. Chest X-ray after the implantation; 

in anteroposterior view, the position of leadless pacemaker (red arrow). F. Electrocardiogram after leadless 

pacemaker implantation showing a successful ventricular-paced rhythm with underlying atrial fibrillation
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Supplementary material, Video S1), and permanent atrial 

fibrillation was admitted for symptomatic complete heart 

block. Several concerns were recorded regarding the high-

er risk of transvenous or epicardial system implantation, 

mainly including infective issues, potential lead-related 

thrombus formation and its embolization into the systemic 

circulation, and last but not least, lead-related mechanical 

complications (fracture, dislodgement), and the need for 

many re-do interventions. Using a multiple imaging modal-

ities evaluation and following a careful discussion between 

the Heart Team and the patient, a decision was made to 

implant an LP into the LV. 

The LP procedure was carried out under general 

anesthesia, based on fluoroscopy and transesophageal 

echocardiogram navigation. A 12 F vascular sheath was 

introduced after the left femoral vein puncture and upsized 

through the 18 F to a 27 F Micra delivery system. The system 

with a Micra LP was directed from the right atrium to the 

LV with an attempt to place it in the LV apex (Figure 1D, 

Supplementary material, Video S2). Most probably, due 

to unfavorable angulation between the enormous right 

atrium and very large LV, effective LP implantation was 

technically demanding and the device, after initial release, 

was dislocated several times (with no possibility to push 

the LP against the LV wall), or unacceptable electrical pa-

rameters were noted (pacing threshold above 3 V/0.4 ms). 

As a result, the entire LP system was removed, and the 

patient was checked and prepared once again. Addition-

ally, the delivery sheath was manually reshaped to obtain 

larger curvature (Supplementary material, Video S3). Conse-

quently, the LP system was successfully placed near the LV 

apex (Supplementary material, Video S4). Multiple stability 

“tug” tests and electrical parameters (R wave of 11.4 mV, 

threshold of 0.5 V@0.4 ms, and impedance of 640 ohms) 

were evaluated before ultimate LP system deployment 

(Supplementary material, Video S5, S6). The device was 

released and its position rechecked for the stability, and 

electrical parameters on the day following the implantation 

were measured (Figure 1E–F). The patient was discharged 

two days later in good clinical condition. 

We have shown that LP implantation, though challeng-

ing, is safe and feasible in a patient with a univentricular 

heart. It may be presumed that the number of ACHD pa-

tients with a high incidence of severe atrioventricular con-

duction disturbances secondary to disease progression and 

multiple interventions will grow. LP implantation seems 

to be a very attractive clinical option in this population.

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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A 31-year-old man, with a history of ster-

oid-dependent Crohn’s disease and parapare-

sis, experienced simultaneous pulmonary em-

bolism (PE) and paradoxical ischemic stroke. 

This patient was admitted to the emergency 

department with sudden dyspnea and chest 

discomfort. Initial examination revealed that 

the patient was hemodynamically stable but 

with severe (type 1) respiratory failure and 

hypocapnia. His electrocardiogram showed 

sinus tachycardia (166/minute) and slight 

ST-segment depression in the left precordial 

leads. Bedside transthoracic echocardiogra-

phy revealed pulmonary artery acceleration 

time of 83 msec, moderate tricuspid regurgita-

tion with estimated pulmonary artery systolic 

pressure of 35 mm Hg, mild right ventricular 

dilation with preserved systolic function, no 

signs of short axis pressure overload, non-di-

lated inferior vena cava with normal inspira-

tory collapse, and preserved left ventricular 

function. Cardiac biomarkers were elevated 

(high-sensitivity troponin T was 0.147 ng/ml 

[reference values 0.000–0.014] and NT-pro-

BNP was 2275 pg/ml [reference value <300]). 

Considering the clinical presentation of acute 

respiratory failure in the patient with pro-

longed immobilization, we assumed there was 

a high clinical probability of PE, and anticoag-

ulation with enoxaparin was initiated without 

delay. Pulmonary computed tomography 

(CT) angiography further confirmed bilateral 

PE with a subocclusive thrombus in the right 

pulmonary artery and segmental thrombi in 

the left branches with filling defects (Supple-

mentary material, Figure S1). 

One hour after admission, the patient sud-

denly developed focal neurological deficits. An 

urgent CT angiography of the cerebral arteries 

revealed an endoluminal thrombus occluding 

the proximal M1 and M2 segments of the right 

middle cerebral artery. Due to anticoagulation 

used initially for PE treatment, tissue plasmino-

gen activator was not used for management of 

stroke, and thrombectomy of the right middle 

cerebral artery was performed with neurolog-

ical improvement (Supplementary material, 

Figure S2, Videos S1, S2). At first, a conservative 

PE treatment with anticoagulation was favored 

since the patient was hemodynamically stable 

(intermediate-high risk PE). Nevertheless, the 

patient evolved with shock and transthoracic 

echocardiography showed progressive signs 

of right heart chambers overload: dilated 

right ventricle (44 mm) with signs of short axis 

pressure overload, pulmonary artery systolic 

pressure of 52 mm Hg, hypokinesia of the right 

ventricular mid-free wall, and dilated inferior 

vena cava (22 mm) with normal respiratory 

variability. Considering the catastrophic pro-

gression to high-risk PE and the formal contra-

indication to systemic thrombolysis (concom-

itant ischemic stroke), we decided to proceed 

with pulmonary aspiration thrombectomy. 

Pulmonary thrombectomy was successfully 

performed with the Indigo aspiration system 

(Indigo CAT 8Fr XTORQ) (Figure  1, Supple-

mentary material, Videos S3–S11). During the 
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Figure 1. Pulmonary aspiration thrombectomy for management of concomitant high-risk pulmonary embolism (PE) and paradoxical stroke. 

A. Pulmonary angiography showing total occlusion (black arrow) of the right pulmonary artery (white arrow). B. Pulmonary angiography 

revealing segmental occlusion (black arrow) of the left pulmonary artery (white arrow) and filling defects of its branches. C–F. Pulmonary 

angiography showing the final result with improved lung perfusion after aspiration thrombectomy
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procedure, mean pulmonary artery pressure dropped from 

37 mm Hg to 25 mm Hg, improving lung perfusion and 

resolving the obstructive shock (catecholamine support 

was stopped within the following hour).

This clinical case illustrates the catastrophic possibility 

of synchronous high-risk PE and ischemic stroke due to 

an intracardiac shunt (a bubble study further revealed 

the presence of a patent foramen ovale in this patient) [1]. 

Concomitant presentation of massive PE and paradoxical 

ischemic stroke is considered a “double jeopardy” since 

the risk of brain hemorrhage contraindicates systemic 

thrombolysis for combined high-risk PE [2]. Currently, there 

is no agreed-upon standard treatment in this situation [2]. 

Since systemic thrombolysis leads to a higher risk of hem-

orrhagic complications, percutaneous catheter-directed 

strategies (such as pulmonary aspiration thrombectomy 

and catheter-directed thrombolysis) are emerging as 

potential alternatives [3–5]. In this case, pulmonary aspi-

ration thrombectomy turned out to be a reliable and safe 

treatment option for patients who experience concomitant 

high-risk PE and ischemic stroke.

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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Balloon aortic valvuloplasty (BAV) is a tech-

nique for the treatment of severe aortic valve 

stenosis (AS) which is used less frequently in 

contemporary practice; however, according 

to the current ESC guidelines, it still may 

be considered a bridge to further therapy 

in decompensated patients [1, 2]. Recently 

published data suggest that over half of the 

procedures may be performed as a bailout 

strategy [3].

A 71-year-old male with a history of arterial 

hypertension, chronic obstructive pulmonary 

disease, and paroxysmal atrial fibrillation was 

admitted for evaluation of his AS. Moreover, 

he was diagnosed with advanced coxarthrosis 

and required walking assistance. The patient 

was symptomatic, in class II/III according to the 

New York Heart Association (NYHA) classifica-

tion; however, no signs of decompensation 

were present on admission. Transthoracic 

echocardiography (Figure 1A) confirmed se-

vere AS with mean gradient of 58 mm Hg and 

aortic valve area (AVA) of 0.3 cm2 with mildly 

reduced left ventricular ejection fraction (40%). 

Immediately after non-invasive testing on the 

same day, the patient developed severe dys-

pnea, hypotonia, and finally, cardiogenic shock 

within several minutes. Due to pulmonary 

edema with low blood pressure, the patient 

was intubated and mechanically ventilated. 

An urgent remote Heart Team assessment 

was performed, and the patient was qualified 

for coronary angiography with concomitant 

rescue BAV. The coronary angiogram revealed 

no significant coronary lesions (Figures 1B and 

1C). Due to severe calcifications of leaflets, 

a 22 mm Osypka VACS II (Osypka, Rheinfelden, 

Germany) balloon was unable to cross the 

aortic valve so additional predilatation with 

8.0 × 50 mm and 9.0 × 50 mm (Figure 1D1) 

peripheral balloon catheters was performed. 

Eventually, a 22 × 50 mm balloon catheter 

was successfully introduced and BAV was 

performed (Figure 1D2). Periprocedural echo-

cardiography confirmed a decrease in mean 

gradient to 38 mm Hg with AVA of 1.0 cm2.  

Pre-transcatheter aortic valve implantation 

(TAVI) was abandoned at the time due to 

unknown neurological status of the patient. 

The patient was hospitalized in the intensive 

care unit for 2 days. After his recovery, addi-

tional imaging with computed tomography, 

according to the TAVI workup, was performed 

to assess the valve and vascular access (Fig-

ure 1E). Within a week, a TAVI procedure was 

performed (Figure 1F) using a self-expanding 

Navitor 25 valve (Abbott, Chicago, IL, US). 

Post-procedural echocardiography showed 

9/5 mmHg gradient and mild perivalvular 

leak. The patient was successfully discharged 

home after 16 days of in-hospital treatment. He 

attended the 30-day follow-up appointment 

alone, with almost no signs of physical and 

mental decline.

Symptomatic severe AS is still a life-threat-

ening condition. Balloon aortic valvuloplasty  
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remains a feasible method that can be used as a bridge- 

-to-therapy as well as a bailout strategy in critical cases and 

followed by definite treatment [4].
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Figure 1. A. Baseline transthoracic echocardiography 

showing severe aortic valve stenosis. B. Coronary angi-

ography of the left coronary system with no significant 

lesions. C. Coronary angiography of the right coronary 

artery with a moderate lesion in its proximal segment. 

D1. A 9.0 × 50 mm peripheral angioplasty balloon 

that passed across the stenosed valve. D2. The final 

22 × 50 mm valvuloplasty balloon (white arrows — cal-

cifications). E. Computed tomography angiography 

assessment showing optimal femoral access.  

F. Self-expanding aortic valve implantation
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A 29-year-old overweight male with no 

previous medical history and without family 

history of premature myocardial infarction, 

who recently recovered from a mild COVID- 

-19 disease treated at home, was admitted 

for anterior and lateral ST-segment elevation 

myocardial infarction (STEMI). 

Transthoracic echocardiography (Supple-

mentary material, Video A1) revealed left 

ventricular ejection fraction (LVEF) of 55% 

with apex akinesis and a left ventricular (LV) 

thrombus in the apical region. Coronary angi-

ography showed a large thrombus in the prox-

imal left anterior descending artery (LAD) with 

Thrombolysis in Myocardial Infarction (TIMI) 

2 flow (Figure 1A, Supplementary material, 

Video SA2). Successful aspiration thrombec-

tomy was performed, and TIMI  3 flow was 

restored (Figure 1B, Supplementary material, 

Video SB1). The aspirated thrombus was ana-

lyzed using spectroscopy presented in he-

matoxylin and eosin (H&E) staining and color 

map distribution of organic matter indicating 

lipid-rich areas, hem and lipid class, and fibrin 

class (Figure 1C). Intravascular ultrasound 

imaging demonstrated an eccentric plaque in 

Figure 1. Multimodality assessment of the patient with ST-segment myocardial infarction successfully treated 

with a non-stenting strategy. Baseline coronary angiography with haziness in the proximal left anterior 

descending artery (A) and angiography after thrombectomy (B). C. Aspirated thrombus with results of Fourier 

and Raman Spectroscopy. D. Intravascular ultrasound imaging with a plaque in the proximal part of the LAD 

covered by thrombus protruding to the medial LAD (asterisk). E. Control angiography and optical coherence 

tomography (F) with a thrombus (arrow) and lipid plaque (asterisks)

Abbreviations: LAD, left anterior descending artery; LCx, left circumflex artery; LM, left main

A B C

D

E

F
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the ostial and proximal LAD covered by a residual thrombus 

(Figure 1D, Supplementary material, Video SD1), which led 

to the administration of eptifibatide and stenting deferral. 

The patient received enoxaparin along with aspirin and 

ticagrelor. Cardiac magnetic resonance confirmed throm-

bus in the LV apex (Supplementary material, Figure SA1). 

Control coronary angiography performed 8 days after the 

index procedure showed no significant stenosis (Figure 

1E). Optical coherence tomography demonstrated almost 

complete thrombus resolution in the proximal part of 

the LAD without any signs of plaque rupture (Figure 1F, 

Supplementary material, Video SF1). Since there was no 

significant lesion in the LAD, we decided not to perform 

stenting, and the patient was discharged on warfarin (tar-

get INR 2–2.5) and clopidogrel. The patient was assessed 

for hypercoagulability state in the outpatient department; 

however, no abnormalities were found. Echocardiography 

performed 6 months after hospital discharge showed LVEF 

of 60% with hypokinesis of the apex. Furthermore, the 

patient did not develop any new symptoms or needed 

another hospitalization. 

SARS-CoV-2 infection increases thromboembolic risk 

including a higher risk of STEMI [1]. Intracoronary thrombus 

formation in young patients free of significant stenosis is 

infrequent during severe infection, including COVID-19.  

It is yet to be determined for how long patients in the 

convalescent phase of COVID-19 may have an increased 

risk of cardiovascular events. 

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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A B S T R A C T

Heart failure (HF) remains one of the most common causes of hospitalization and mortality among 

Polish patients. The position of the Section of Cardiovascular Pharmacotherapy presents the cur-

rently applicable options for pharmacological treatment of HF based on the latest European and 

American guidelines from 2021–2022 in relation to Polish healthcare conditions. Treatment of HF 

varies depending on its clinical presentation (acute/chronic) or left ventricular ejection fraction. 

Initial treatment of symptomatic patients with features of volume overload is based on diuretics, 

especially loop drugs. Treatment aimed at reducing mortality and hospitalization should include 

drugs blocking the renin-angiotensin-aldosterone system, preferably angiotensin receptor antag-

onist/neprilysin inhibitor, i.e. sacubitril/valsartan, selected beta-blockers (no class effect — options 

include bisoprolol, metoprolol succinate, or vasodilatory beta-blockers — carvedilol and nebivolol), 

mineralocorticoid receptor antagonist, and sodium-glucose cotransporter type 2 inhibitor (flozin), 

constituting the 4 pillars of pharmacotherapy. Their effectiveness has been confirmed in numerous 

prospective randomized trials. The current HF treatment strategy is based on the fastest possible 

implementation of all four mentioned classes of drugs due to their independent additive action. It 

is also important to individualize therapy according to comorbidities, blood pressure, resting heart 

rate, or the presence of arrhythmias. This article emphasizes the cardio- and nephroprotective role 

of flozins in HF therapy, regardless of ejection fraction value. We propose practical guidelines for 

the use of medicines, profile of adverse reactions, drug interactions, as well as pharmacoeconomic 

aspects. The principles of treatment with ivabradine, digoxin, vericiguat, iron supplementation, or 

antiplatelet and anticoagulant therapy are also discussed, along with recent novel drugs including 

omecamtiv mecarbil, tolvaptan, or coenzyme Q10 as well as progress in the prevention and treat-

ment of hyperkalemia. Based on the latest recommendations, treatment regimens for different 

types of HF are discussed.

Key words: ACC/AHA/HFSA guidelines, ESC guidelines, heart failure, pharmacoeconomics, phar-

macotherapy 
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INTRODUCTION
There are approximately 1.2 million patients with sympto-

matic heart failure (HF) in Poland, i.e. 3.2% of the population 

of our country, and around 140 000 patients die annually. 

Up to 40% of patients with HF die within 5 years of diag-

nosis [1]. These historic data may no longer be true with 

optimal HF therapy, yet HF remains a very frequent cause 

of death. The goal of HF treatment is primarily to reduce 

mortality and morbidity (relieve symptoms, improve qual-

ity of life, decrease the need for hospital treatment) and 

prevent the progression of the disease. Most of hospital 

admissions, frequent in this group, are associated with 

deterioration in the clinical condition of the patient, which 

often results from inadequate disease control, including 

suboptimal pharmacotherapy — the primary method of 

HF treatment. The degree of implementation of existing 

treatment recommendations for HF patients is influenced 

by many different factors, such as the education of doctors, 

patient characteristics (e.g. age, concomitant diseases), 

and socioeconomic factors, including specific costs and 

availability of medicines and other treatments. 

This expert opinion represents a consensus of experts 

designated by the Working Group on Cardiovascular Phar-

macotherapy of the Polish Society of Cardiology (SFSN PTK) 

commenting upon the latest guidelines of the European 

Society of Cardiology (ESC, 2021) [2] and American scientific 

societies (American Heart Association [AHA], American Col-

lege of Cardiology [ACC], Heart Failure Society of America 

— 2022 [HFSA]), and taking into account specific features of 

the Polish healthcare system [3]. We present characteristics 

of groups of drugs currently used in HF therapy, recom-

mended in the guidelines, paying particular attention to 

practical aspects — possible problems during the inclusion 

of individual groups of drugs, monitoring after initiation of 

treatment, contraindications to treatment, and recommen-

dations for the patient receiving specific therapies.

DEFINITIONS OF HEART FAILURE 
AND DIFFERENCES IN THERAPEUTIC 

RECOMMENDATIONS
Heart failure is a complex clinical syndrome resulting from 

any structural or functional impairment of ventricular filling 

or ejection, including symptoms (e.g. dyspnea, decreased 

exercise tolerance) that may be accompanied by signs 

(e.g. peripheral edema, pulmonary rales, or crackles). HF 

most often results from myocardial dysfunction, which 

can be systolic and/or diastolic. Other causes or factors 

contributing to HF may include abnormalities of the valves, 

pericardium, and endocardium, as well as arrhythmias or 

cardiac conduction disorders. There are usually two clinical 

forms of HF: chronic heart failure (CHF) and acute heart 

failure (AHF). The diagnosis of CHF refers to patients who 

have previously been diagnosed with heart failure or who 

have developed symptoms gradually. The term AHF refers 

to the rapid or gradual development of signs or symptoms 

of HF that are so severe that the patient requires urgent 

medical attention, initiation or intensification of treatment, 

including intravenous therapy or surgical procedures. AHF 

may be the first manifestation of HF (de novo HF) or result 

from acute decompensation of CHF.

The latest ESC [2] and American AHA/ACC/HFSA guide-

lines [3] introduced a new HF classification depending on 

left ventricular ejection fraction (LVEF) values (Table 1): 

• HF with reduced LVEF (≤40%) — HFrEF (heart failure 

with reduced ejection fraction);

• HF with mildly reduced LVEF (41%–49%) — HFmrEF 

(heart failure with mildly reduced ejection fraction);

• HF with preserved LVEF (≥50%) — HFpEF (heart failure 

with preserved ejection fraction).

Pharmacotherapy is the basis for the treatment of HFrEF 

and aims to reduce mortality, prevent re-hospitalization 

due to HF severity and improve clinical condition and 

physical performance. Importantly, therapeutic recom-

mendations vary from type to type of HF. The broadest 

set of studies concerns HFrEF, and the scientific evidence 

for the effectiveness of therapies of other types comes 

from recently completed studies. Importantly, HFrEF pa-

tients who improve ejection fraction even to values ≥50% 

should continue effective HFrEF pharmacotherapy and are 

categorized as HFimpEF (heart failure with improved EF). 

The dynamic development of research led to the situation 

where the ESC 2021 guidelines did not represent the cur-

rent state of knowledge (with regard to use of flozins) as 

early as on the day of their presentation.

In order to achieve symptomatic improvement in 

patients with any type of HF and fluid overload features, 

diuretics (most often loop diuretics) are necessary (at least 

at certain stages of treatment) — although they are not 

categorized as prognosis-improving drugs when used 

long-term.

Table 1. Definitions of heart failure with lowered, mildly reduced, and preserved left ventricular ejection fraction [2] 

Type HF HFrEF HFmrEF HFpEF

Symptoms ± signs Symptoms ± signs Symptoms ± signs

LVEF ≤40% LVEF 41%–49% LVEF ≥50%

— Recognition more likely in the presence of 

structural abnormalities of the heart or impaired 

filling of LV 

Features of structural and/or functional abnormalities, 

corresponding to diastolic dysfunction of LV, increased filling 

pressure of LV, increased concentration of natriuretic peptides

Abbreviations: HF, heart failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with redu-

ced ejection fraction; LV, left ventricle; LVEF, left ventricular ejection fraction



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 539

Jarosław D Kasprzak et al., Pharmacotherapy of heart failure A.D. 2023

In order to reduce the risk of death or hospitalization 

for HF (improvement of prognosis) in HFrEF, each patient 

should possibly receive the following four groups of drugs:

• Renin-angiotensin-aldosterone (RAA) axis inhibitors 

(RAASi) — optimally sacubitril-valsartan, i.e. an an-

giotensin receptor antagonist in combination with 

a neprilysin inhibitor, which prevents the breakdown 

of endogenous natriuretic peptides (ARNI, angiotensin 

receptor-neprilysin inhibitor). These were previously 

preferred in HFrEF as a class of angiotensin-convert-

ing enzyme inhibitors (ACEI) or angiotensin receptor 

blockers (ARBs). They are acceptable in the case of 

ACEI intolerance but offer a lower degree of protection.

• Beta-blockers (BB) tested in the treatment of HFrEF 

(4 drugs — bisoprolol, carvedilol, extended-release 

metoprolol, nebivolol — a class effect is not accepted) 

• Mineralocorticoid receptor antagonists (MRA) — spi-

ronolactone or eplerenone.

• Flozin (sodium-glucose cotransporter type 2 inhibitor 

[SGLT2i]), with evidence of benefit in the treatment 

of HF independently of coexisting diabetes mellitus 

and/or chronic kidney disease — i.e. empagliflozin 

or dapagliflozin.

Doses of HF medications (except flozins, having only 

one dose level) should be gradually increased to the doses 

used in clinical trials (or, if this is not possible, to the max-

imum tolerated doses). ARNI, originally recommended as 

a replacement for ACEI in stable symptomatic patients, 

should now be considered a first-line treatment, instead 

of ACEI, also after hospitalization for exacerbated HFrEF, 

preferably with initiation in the pre-discharge period. 

In patients with HFmrEF and HFpEF, SGLT2i (dapaglifloz-

in or empagliflozin) have become the most recommended 

drug class, which reduces the risk of death or hospitalization 

for heart failure, regardless of the coexistence of diabetes. In 

HFmrEF, drugs typical of HFrEF, i.e. RAASi, BB, and MRA can 

be used with a lower class of recommendations. Since many 

patients with HFmrEF/HFpEF also have chronic coronary 

syndrome, hypertension, or atrial fibrillation, they are still 

candidates for drugs from the above groups, as optimal 

treatment of the above-mentioned diseases is essential. 

According to the American recommendations, ARNI can 

also be used across the spectrum of heart failure. 

It should be emphasized, that HF patients with EF im-

provement — HFimpEF (HF with improved EF) who meet 

the HFrEF criteria, regardless of the current LVEF value that 

increased thanks to typical HFrEF therapy, should absolute-

ly continue the HFrEF treatment regimen. This group was 

analyzed in a targeted way by the DELIVER study, confirm-

ing the beneficial effects of dapagliflozin [4].

New strategy for the treatment of heart failure 

— rapid implementation of comprehensive 

pharmacotherapy 

The conventional approach to HFrEF treatment based 

on initiating a single drug therapy and increasing the 

dose to the maximum tolerated/target before adding 

another drug, was based solely on the historic in which 

these 4 groups of drugs were tested in prospective ran-

domized clinical trials. Unfortunately, this strategy took 

6 to 12 months, during which HF progressed. Currently, 

a different approach is recommended, leading to the 

fastest possible initiation and rapid escalation of ARNI, BB, 

and MRA dosage, simultaneously with the initial optimal 

dose of SGLT2i. Each of these four drug classes provides 

independent and additive benefits, obtained early after 

starting treatment. It is the responsibility of the members of 

the multidisciplinary HF Team to ensure the rapid and safe 

implementation of these four basic treatments for HFrEF [2]. 

The ESC guidelines outline a treatment strategy to reduce 

mortality, indicating drugs and non-pharmacological ther-

apies of first choice in HFrEF patients, taking into account 

the HF etiology. The new strategy for the implementation 

of treatment for HFrEF patients and the shift towards an 

individual approach to treatment depending on the clin-

ical profile of the patient is recommended by this writing 

group [5] (Figure 1).

The experts’ proposal for the use of the main HFrEF 

therapies assumes the four groups of recommended drugs 

(“pillars of HF therapy”, “drugs of the first step”, “the big 

four”) should be optimally initiated at the same time or, al-

ternatively, stepwise — depending on the clinical profile of 

the patient, but within a period not exceeding 4 weeks. The 

American ACC/AHA/HFSA guidelines specify that one can 

start treatment simultaneously or sequentially. The crucial 

practical recommendations are as follows:

• Simultaneous initiation takes place at the initial (low) 

doses recommended for HFrEF (except for SGLT2i, 

which are dosed from the beginning at the optimal 

dose), assuming monitoring of potency and side effects 

(including kidney function). 

• Alternatively, drugs can be switched on sequentially, 

depending on clinical or other factors, without having 

to reach the target dose before starting the next drug 

— the priority is to complete the “four pillars of therapy” 

as soon as possible. 

• Drug doses should be increased to target values ac-

cording to tolerability. 

• Doses of drugs can be increased faster in the hospital 

setting than in outpatients. 

• The initiation of all four therapies is prioritized before 

the full dose escalation of any single “pillar”. 

Proper treatment of HF patients should, therefore, 

mainly take into account the pursuit of maximum or 

maximally tolerated doses of included drugs, appropriate 

control of drug-specific biochemical parameters, and the 

possibility of individualization of therapy depending on 

coexisting loads (this does not apply to SGLT2 inhibitors, 

as they are used in a single dose). The sequence can be 

adapted to the patient’s profile and the doctor’s experience. 

It is suggested that beta-blockers should be included 

after compensation (i.e. the patient’s “dry and warm” pro-
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file), and other of the above-mentioned drugs even during 

a period of incomplete cardiac compensation [2]; however,

the prerequisite is still the stabilization of volume status

and arterial pressure.

The guidelines emphasize the superior efficacy of sacu-

bitril/valsartan over ACEI, and the selection of appropriate 

therapy requires patients in New York Heart Association 

(NYHA) class II–III to convert from a classic RAA blockade 

to ARNI use to reduce mortality. The indications for use of 

ARNI have been significantly expanded, also with regard 

to hospital initiation without prior ACEI/ARB treatment,

including patients hospitalized as a result of acute, de-

compensated HFrEF after hemodynamic stabilization [6, 7]. 

In addition, compared to ACEI alone, sacubitril/valsartan 

reduces the rate of deterioration in renal function over 

time, and this, together with the observation that ARNI 

and SGLT2i reduce the risk of hyperkalemia and improve 

MRA tolerance, means that the use of these two drugs in 

patients may increase the likelihood of safe introduction 

and long-term use of MRA.

Due to the unique mechanism of action of SGLT2i,

these drugs can be safely initiated in most patients with-

out end-stage renal failure. SGLT2i studies assumed prior 

use of RAASi/MRA/BB [2] although the benefits appear 

to be independent of other first-line drugs. In some pa-

tients with newly-diagnosed HFrEF, e.g. in the case of low 

blood pressure and impaired renal function, flozins may be

initiated early to facilitate the subsequent introduction of 

other class I recommended drugs [8]. 

It is extremely important to provide the patient (and

often also his/her family) with reliable information about

the available possible HF pharmacotherapy with costs per 

month of therapy and to discuss with the patient what 

amount of money from the household budget can be al-

located to medicines. In good communication practice, the 

doctor informs the patient about the indication for a given 

• coronary artery disease

• lung disease

• kidney disease

• iron status

• diabetes

• erectile dysfunction

• depression

• cachexia

The management of HF may be influenced by following comorbidities, eg.:
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treatment. If the recommended drug is not reimbursed, 

the patient should be informed about the price, without 

emotional interpretation, and then the patient’s decision 

as to the possibility of buying drugs should be noted in the 

medical documentation. It is also important to explain to 

the patient that the pharmacological therapy of HF will not 

last one month only but will be long-term. Special issues 

related to treatment modifications requiring a dedicated 

explanation include, for example, the principles of safe con-

version from ACEI to ARNI (36-hour interval before the first 

dose) or dose equivalence (e.g. torasemide vs. furosemide).

BLOCKADE OF THE RENIN-ANGIOTENSIN-
ALDOSTERONE AXIS

Excessive activation of the renin-angiotensin-aldoster-

one (RAA) system is one of the main pathophysiological 

mechanisms of HF. Drugs that correct this pathological 

mechanism work by inhibiting the activity of the angioten-

sin-converting enzyme (ACEI), blocking the AT1 receptor 

for angiotensin II (ARB) or mineralocorticoid receptor (MRA, 

see paragraph 6) [9]. They improve survival provided that 

they are used continuously and at the recommended 

maximum tolerated doses. The latest 2021 ESC guidelines 

for the management of heart failure clearly strengthen the 

indication for sacubitril/valsartan (the only representative 

of ARNI to date) [2]. It is recommended for all symptomat-

ic HFrEF patients as a first-line treatment in place of the 

ACEI recommended earlier. It is extremely important to 

explain to the patient the potential benefits of switching 

from the current ACEI/ARB treatment to ARNI, e.g. greater 

improvement in quality of life, and reduction in risk of 

rehospitalization for HF exacerbation, or cardiovascular 

death. At the same time, the patient should be informed 

about an increase in the cost of therapy. 

Practical advice for using ARNI

1. Switching on the drug can be started in stable outpa-

tients, as well as in patients during the stabilization 

period (after cardiovascular decompensation) during 

hospitalization — with systolic RR ≥100 mm Hg and 

potassium concentration ≤5.4 mmol/l; 

2. Before starting treatment, kidney and liver function, 

serum potassium concentration, blood pressure, and 

volume status should be assessed; contraindications 

to ARNI are very similar to those to ACEI.

3. A 36-hour interval should be maintained between the 

last dose of ACEI (but not ARB if previously used) and 

the first dose of sacubitril/valsartan when switching 

from one drug to another; the drug can be administered 

with or without food;

4. As standard, the starting dose should be 49 mg/51 mg  

twice daily; it is possible to start with a dose of 

24 mg/26 mg twice daily when the patient has not 

been previously treated with ACEI/ARB, has taken 

low doses of ACEI/ARB, or presents with systolic pres-

sure of 100–110 mm Hg, moderate or severe renal 

impairment (glomerular filtration rate [GFR] below 

60 ml/min/1.73 m2) or moderate hepatic impairment;

5. If well tolerated, the initial dose of the drug should be 

doubled after 2-4 weeks until the target dose is reached;

6. Control of serum potassium and creatinine 1–2 weeks 

after the onset of treatment and after reaching the 

target dose, subsequent control every 4 months; 

7. A slight increase in urea, creatinine, and potassium 

levels after therapy inititation is not uncommon; the 

indication for dose reduction or discontinuation may 

be intolerable hypotension, less frequently, clinically  

significant hyperkalemia or renal impairment;

8. Monitoring of treatment should be based on the de-

termination of plasma concentration of NT-proBNP, 

but not BNP.

Practical guidance on the use of ACEI/ARB

Angiotensin-converting enzyme inhibitors should be used 

in all patients with HFrEF who have not received ARNI — the 

class effect is accepted in relation to improved prognosis 

although only some molecules have controlled prospective 

studies in this area. They should also be used in asymp-

tomatic HFmrEF/HFrEF. The use of angiotensin receptor 

antagonists (ARBs) is recommended as an alternative treat-

ment in patients with HFrEF who are intolerant to ACEI and 

ARNI to reduce the risk of hospitalization and cardiovascu-

lar death. It is worth noting that both the guidelines and the 

Summary of Product Characteristics allow only the use of 

candesartan or valsartan in this indication. Conversion from 

previous ARB/ACEI therapy to ARNI should be proposed to 

all symptomatic HFrEF patients (the benefits with EF ≥40% 

are poorly documented) — in Poland, a significantly higher 

cost of therapy represents a practical problem:

• the use of the drug should be started in stable outpa-

tients and also in patients during the period of stabili-

zation after decompensation of the circulatory system 

during hospitalization;

• kidney function and electrolyte concentration should 

be assessed before starting treatment and excessive 

diuretic treatment should be avoided;

• to minimize the risk of hypotension, treatment can be 

started in the evening, before bedtime;

• urea, creatinine, and serum potassium should be mea-

sured 1–2 weeks after starting treatment and 1–2 weeks 

after escalation of the dose; subsequent control tests 

should be performed every 4 months (more often in 

patients with renal impairment and/or a tendency to 

electrolyte disturbances); 

• do not discontinue ACEI too hastily due to reported 

cough — it rarely excludes the use of the drug. It is 

important to consider alternative causes (pulmonary 

congestion, smoking, lung disease); determination 

of intolerance should be preceded by a few weeks of 

discontinuation followed by rechallenge and testing 

ACEI with a lower coughing potential (e.g. imidapril, 

perindopril, zofenopril)
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Contraindications to the use of ACEI/ARB are:

• history of angioedema (absolute — for ACEI, as well 

as ARNI)

• bilateral renal artery stenosis

• stenosis of the renal artery of the only active or dom-

inant kidney

• pregnancy or planned pregnancy.

BETA-BLOCKERS
Beta-blockers (BBs) are an important component of HF 

pharmacotherapy. Excessive activation of the sympathetic 

system in the course of HF and related stimulation of β1 re-

ceptors triggers a number of molecular processes leading 

to the activation of apoptotic processes in the heart muscle. 

Although the use of this group of drugs in HF pharmaco-

therapy was initially avoided, the effectiveness of 4 drugs 

in the class in HF treatment was documented in controlled 

prospective clinical studies (the class effect is not accept-

ed) [10]. The efficacy of bisoprolol, carvedilol (the only 

non-cardioselective BB used in HF), and prolonged-release 

metoprolol succinate has been demonstrated, as included 

in both the European and American guidelines. Results of 

randomized BB trials in HF patients showed a reduction in 

the risk of death by more than a third compared to place-

bo, also in patients in NYHA class IV. The use of BB in HF is 

beneficial from the pharmacological and economic point 

of view. The fourth BB with proven efficacy in HF therapy, 

exerting (like carvedilol) a vasodilatory effect, is nebivolol. 

In the SENIORS trial, the benefit of nebivolol (reduced risk 

of composite endpoint defined as all-cause mortality or car-

diovascular hospital admission, albeit without statistically 

significant reduction in mortality alone) has been demon-

strated in patients ≥70 years of age with HF regardless of 

the ejection fraction value [11].

Treatment of HF with BB requires gradual escalation 

of doses with control of, among others, the chronotropic 

effect and arterial pressure — typical dose ranges are:

• Bisoprolol 1 × 1.25 mg Æ 1 × 10 mg

• Carvedilol 2 × 3.125 mg Æ 2 × 25 mg (in patients >85 kg 

— 2 × 50 kg) 

• Metoprolol succinate 1 × 12.5 mg Æ 1 × 200 mg

• Nebivolol 1 × 1.25 mg Æ 1 × 10 mg

When deciding to start treatment with BB in HF patients, 

several important contraindications to their use should be 

taken into account. In clinical practice, these will most 

often be all conditions of exacerbation of HF symptoms, 

occurring with decompensation of the circulatory system 

and atrioventricular fluid overload disorders. When using 

BB, the patient requires monitoring of heart rate values, 

especially in combination with anti-arrhythmic drugs or 

digitalis glycosides and arterial blood pressure values. The 

most common side effects are due to a blockage of the 

sympathetic system and include mainly bradycardia and 

arterial hypotension, as well as an increase in exercise intol-

erance in the initial period of use. Depending on other risk 

factors, co-morbidity, hemodynamic status, and tolerance 

of such treatment, HF patients should ultimately achieve 

an average heart rate (HR) over the course of a day in the 

range of 60–69/min.

MINERALOCORTICOID RECEPTOR 
ANTAGONISTS 

MRAs (eplerenone and spironolactone) are recommended 

in all patients with HFrEF as one of the four pillars of phar-

macotherapy alongside beta-blockers, SGLT2 and ARNI 

(or ACEI/ARB). Their use is associated with a reduction in 

HF symptoms, risk of hospitalization for HF, and mortality. 

In contrast to the previous 2016 guidelines, which recom-

mended the inclusion of MRAs in those patients with HFrEF 

which persisted despite ACEI and BB treatment, the current 

2021 ESC guidelines assume that therapy with the above 

four drug groups (with class I recommendations) should 

be initiated concurrently or directed towards the rapid 

achievement of the “four pillars” in stages, depending on 

the clinical profile of the patient if possible. After 4–8 weeks, 

it is recommended to optimize the dose (for both drugs, the 

initial dose is 25 mg, and the target — 50 mg) before consid-

ering other forms of pharmacotherapy or implantable de-

vices. In the HFmrEF group, both ESC and AHA/ACC/HFSA 

guidelines recommend MRA in class IIb in combination 

therapy. In HFpEF patients, the AHA/ACC/HFSA guidelines 

recommend MRA in class IIb in combination therapy, while 

the ESC guidelines do not provide any recommendations 

for this group of patients. In HFpEF, MRAs appear to be 

more effective in patients with lower EF (closer to 50%). In 

TOPCAT, spironolactone was associated with a reduction 

in the risk of hospitalization for HF in patients with HF and 

EF >45%. Eplerenone is more specific for blocking aldoster-

one-binding mineralocorticoid receptors than spironolac-

tone (100–1000 times lower affinity for androgen-binding 

receptors and progesterone) and, therefore, less likely to 

cause gynecomastia/mastodynia (0.5% vs. 10%) in males 

and genital bleeding in females. In Poland, spironolactone 

is reimbursed and cheaper for the patient than eplerenone.

The new non-steroidal selective MRA — finerenone 

— reduced the risk of cardiovascular events in the group 

of patients with renal failure and type 2 diabetes [12, 13]. 

The analysis of the results of the available studies provided 

promising evidence of a reduction in the risk of HF diag-

nosed for the first time, reduction in hospitalization for HF, 

and cardiovascular mortality [14]. Further studies are need-

ed to assess its effectiveness and safety in the treatment 

of patients with HF — the drug has no recommendations 

in this regard. 

Practical recommendations for the use of MRA are 

mainly related to kidney function control. Particular cau-

tion should be exercised in patients with renal impairment 

and hyperkalemia:

• It is advisable to perform control tests for creatinine and 

electrolytes at 1 and 4 weeks after starting treatment 

or increasing the dose at 8 and 12 weeks, 6, 9, and 

12 months, and then every 4 months. 
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• When estimated GFR ≤30 ml/min/1.73 m2 or potassium 

≥5.0 mEq/l, initiation of MRA therapy is contraindicated. 

• In the case of potassium >5.5 mmol/l or creat-

inine >221 μmol/l (2.5 mg/dl)/estimated GFR 

<30 ml/min/1.73 m2, the MRA dose should be re-

duced by half, and the patient should be carefully 

monitored. In the case of potassium >6.0 mmol/l or 

creatinine >310 μmol/l (3.5 mg/dl)/estimated GFR 

<20 ml/min/1.73 m2, MRA should be withheld imme-

diately.

• Other agents likely to increase serum potassium (e.g. 

potassium-sparing diuretics such as triamterene and 

amiloride, trimethoprim/trimethoprim-sulfamethox-

azole, salt substitutes with high potassium content) 

are nephrotoxic agents (e.g. NSAIDs) and potent  

CYP3A4 inhibitors such as ketoconazole, itraconazole, 

nefazodone, telithromycin, clarithromycin, ritonavir, 

and nelfinavir (when eplerenone is used), which should 

be avoided during treatment.

FLOZINS — INHIBITORS OF SODIUM-
GLUCOSE COTRANSPORTER TYPE 2

Inhibitors of sodium-glucose cotransporter type 2 (SGLT2i, 

flozins) are a new group of drugs of critical importance in 

the pharmacotherapy of HF patients. The multidirectional 

mechanism of action of SGLT2i consists in reducing glucose 

reabsorption and lowering the renal threshold for glucose 

and thus increasing glucose excretion, nephroprotective 

effect, and reduction of the pre- and post-load of the left 

ventricle due to increased osmotic diuresis, reduced plasma 

volume, and blood pressure. Recently, numerous non-renal 

SGLT2i signaling pathways with potential cardioprotective 

significance have been identified — related, among others, 

to the processes of inflammation, fibrosis, apoptosis, and 

cardiomyocyte energetics [15].

According to the current guidelines [2, 3], 2 SGLT2i 

drugs – dapagliflozin or empagliflozin – are strongly recom-

mended (class I) in patients with heart failure (NYHA class 

II-IV) with reduced left ventricular ejection fraction (LVEF 

≤40%) to reduce the risk of hospitalization for heart failure 

and death. At the moment, only the newer AHA/ACC/HFSA 

guidelines extend this recommendation to all categories 

of HF according to the current state of knowledge, taking 

into account the reduction in the risk of deaths or hospital-

ization caused by HF (as well as nephroprotective effects) 

also in patients with HFmrEF and HFpEF. 

The DAPA-HF trial evaluated the long-term prognosis 

in patients with heart failure in NYHA class II-IV with re-

duced LVEF (≤40%). In the DAPA-HF trial, patients treated 

with dapagliflozin showed a 30% reduction in the risk 

of worsening of heart failure/hospitalization for heart 

failure, a 17% reduction in the relative risk of all-cause 

death, and an improvement in patients’ quality of life and 

reduced severity of HF symptoms compared to placebo 

[16]. The clinical benefit of dapagliflozin was observed 

independently of the diagnosis of type 2 diabetes mel-

litus. The EMPEROR-Reduced study also demonstrated 

a beneficial effect of the SGLT2-empagliflozin inhibitor on 

the prognosis of patients with symptoms in NYHA class 

II–IV with reduced LVEF (≤40%). Empagliflozin, regardless 

of the diagnosis of type 2 diabetes mellitus, reduced the 

incidence of cardiovascular death or hospitalization for 

heart failure by 25% (primary endpoint) and the first and 

subsequent hospital admissions for heart failure by 30% 

(secondary endpoint) [17]. The results of both studies are 

consistent, suggesting the effect of SGLT2i to improve 

survival in HFrEF patients.

Since May 2022, dapagliflozin and empagliflozin have 

become reimbursed in Poland (at the level of 30% of costs), 

which will probably improve the availability of these drugs 

for HF patients. The reimbursement indications refer to 

patients with CHF with reduced LVEF (≤40%) regardless 

of the co-occurrence of diabetes mellitus who remain in 

NYHA class II–IV despite the use of beta-adrenolytic-based 

therapy, ACEI/ARB/ARNI and, if such treatment is indicated, 

mineralocorticoid receptor antagonists. From a practical 

point of view, it is important that reimbursed treatment 

with SGLT2 inhibitors may be initiated by a physician of 

any specialty who takes care of an HF patient. 

Practical advice for the use of SGLT2 inhibitors in pa-

tients with HF:

• the use of dapagliflozin or empagliflozin (at doses of 

1 × 10 mg/day, without the need for adjustment) is 

beneficial when taking other medicines recommended 

for the treatment of HFrEF; 

• no dose adjustment is necessary due to renal im-

pairment; however, the use in the treatment of HF in 

patients with eGFR <20 ml/min/1.73 m2 (empagliflozin) 

and <25 ml/min/1.73 m2 (dapagliflozin) is contraindi-

cated;

• in the initial phase of treatment, a temporary increase 

in renal parameters can be observed, which is tran-

sient — the SGLT2i class is characterized by long-term 

nephroprotective effect; however, this effect may add 

up with a similar effect of initiating or escalating other 

drugs, e.g. ACEI/ARB — the decision on simultaneous 

or rapid sequential implementation of the “4 pillars of 

therapy” should be individualized;

• SGLT2i increases the risk of fungal infections (most com-

monly Candida albicans) of the external genitourinary 

organs of mild or moderate severity, and if they occur, 

SGLT2i treatment needs not be discontinued; recur-

rences of this complication are rare; SGLT2i initiation, 

however, make it imperative to instruct patients about 

the importance of perineal hygiene; 

• due to increased osmotic diuresis and natriuresis, it 

may be necessary to increase fluid supply and modify 

the dose of loop diuretics [1], and in patients treated 

with insulin or sulphonylureas – to adjust the strength 

of hypoglycemic drugs.
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IVABRADINE
Ivabradine is a drug that slows down spontaneous depo-

larization in the sinoatrial node of the cardiac conduction 

system by blocking the flow of ions through channels I
f
, 

acting as a negative chronotropic agent only in patients 

with sinus rhythm. The unique mechanism of action, its 

metabolic neutrality, absence of negative inotropic effect 

or the effect on preload or afterload result in the lack of 

adverse decrease in myocardial contractility and blood 

pressure. Slowing the heart rate causes a beneficial hemod-

ynamic effect in patients with HFrEF through improved cor-

onary perfusion, better filling of the left ventricle, increased 

systolic deformation, and expansion of the aortic wall. The 

negative chronotropic effect is proportional to the baseline 

sinus rhythm rate, and the recommended doses typically 

reduce the heart rate by 10 beats/min. In the current guide-

lines [2, 3], we find a recommendation for its use in patients 

with HFrEF and a sinus rhythm rate of ≥70 beats/min based 

on the results of the SHIFT study [18]. In this study, ivabra-

dine was added to optimal background therapy for HF in 

patients with symptomatic HFrEF (EF ≤ 35%), NYHA class 

II–IV, and sinus rhythm ≥70/min, resulting in a reduction 

in cardiovascular mortality and subsequent hospitalization 

for HF over 12 months of follow-up. 

Ivabradine is recommended in two clinical situations: 

• consideration should be given to its use in symptomatic 

patients with LVEF ≤35%, sinus rhythm, and resting 

heart rate ≥70 beats/min despite the use of optimal 

background therapy including BB at maximum toler-

ated dose, ACEI (or ARNI), and MRA (recommendation 

class IIa/B);

• and for these patients who are intolerant to or have con-

traindications to BB, they should receive ACEI (or ARNI) 

and MRA (Class IIa/C recommendation) concomitantly.

Activation of ivabradine may occur in a patient with 

stable HFrEF in class II–IV, (with extreme caution in patients 

in NYHA class IV and with worsening symptoms of the 

disease, e.g. within fewer than 4 weeks of hospitalization 

for HF decompensation). It is very important that the pa-

tient receives standard, guideline-compliant background 

therapy, including BB at the maximum tolerated dose. The 

dose of BB should be optimized first, not stopping at the 

initial dose of therapy — the optimal dose for the patient 

should be determined within a month, after which the 

resting heart rate should be checked — and ivabradine 

should be added if the value exceeds 70/min. 

When starting treatment with ivabradine, it is 

important to remember the differences in Polish reim-

bursement indications (lump sum). They concern HF 

with systolic dysfunction, NYHA class II–IV, with a doc-

umented ECG-confirmed sinus rhythm ≥75/min (rather 

than ≥70/min, in the guidelines) with or without the 

concomitant use of standard therapy, with or without 

beta-blocker, when its use is contraindicated or intol-

erable. This heart rate was approved by the European 

Medicines Agency (EMA) for improved survival (decrease 

in overall mortality) in the SHIFT HF subgroup in patients 

with HR ≥75/min. 

Starting treatment with ivabradine at a dose of 5 mg 

twice a day (in patients over 75 years of age up to 2.5 mg 

twice a day), one should be aiming at a target dose of 

7.5 mg twice a day. The dose should be optimized in inter-

vals no shorter than 2 weeks, and the dose is left unchanged 

if HR is within the range of 50–60/min. The dose of ivabra-

dine must be reduced with HR less than 50/min or with 

symptomatic bradycardia, and the possibility of adverse 

interactions should be rechecked if new drugs are used. If 

atrial fibrillation occurs, ivabradine should be discontinued 

(although the medicine may still be of benefit in patients 

with paroxysmal atrial fibrillation [AF], who spend most of 

their time in sinus rhythm).

Contraindications to the use of ivabradine [2] are any 

conditions of circulatory instability, atrial fibrillation, preg-

nancy, and breastfeeding (due to the potential risk of fetal 

harm), severe liver or kidney dysfunction (no pharmacoki-

netic and safety data at creatinine clearance <15 ml/min), 

and adverse or allergic reactions. 

Situations requiring special attention during ivabradine 

therapy, apart from NYHA class IV discussed above, are 

a resting heart rate < 50/min, moderate liver damage, and 

chronic retinal diseases (a typical fully reversible effect 

after discontinuation of the drug are visual disturbances 

— “phosphenes” usually presenting as flashes provoked by 

sudden changes in ambient light intensity). Possible drug 

interactions should be considered when related to the risk 

of bradycardia and QT prolongation (concomitant use of 

verapamil, diltiazem, amiodarone, digoxin, and ranolazine) 

and strong inhibitors of the hepatic isoenzyme CYP 3A4, 

which are involved in the metabolism of ivabradine in 

the liver and intestines (antifungal agents such as keto-

conazole, macrolide antibiotics including clarithromycin, 

HIV protease inhibitors, and nefazodone). 

DIURETICS
Diuretics are considered the foundation of treatment for 

HF patients with exacerbation of symptoms, edema, or 

pulmonary congestion. In everyday clinical practice, they 

are the drugs of choice for the treatment of acute HF. 

The effectiveness of loop diuretics in reducing mortality 

and hospitalization rates has been confirmed in many 

non-randomized studies, most recently in the analysis of 

the OPTIMIZE-HF registry [19]. Depending on the mecha-

nism of action and the gripping point, diuretic drugs can 

be divided into several classes, shown in Figure 2 (modified 

according to [20]). 

Loop diuretics are essential for HF patients. The results 

of the recently published TRANSFORM-HF study [21] did 

not confirm differences in overall mortality of HF pa-

tients treated with furosemide and torasemide. It should 

be remembered that, unlike furosemide, torasemide is 

used once a day (despite doses covering a wide range of 

5–200 mg/day) thanks to better bioavailability and longer 
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duration of action (which reduces the burden of therapy

and improves the quality of life compared to furosemide).

In patients with HF, one tablet of furosemide (40 mg) usually

corresponds to 15–20 mg of torasemide. 

The recently completed ADVOR study demonstrated

the efficacy of three-day intravenous administration of 

500 mg/day of acetazolamide during the initial phase of 

treatment with intravenous loop diuretics in HF patients 

with exacerbation in achieving a faster resolution of fluid 

overload [22]. In Poland, only the orally administered form

of the drug is available, which also ensures good bioavail-

ability.

Thiazide/thiazide-like diuretics can also be used in HF 

as monotherapy (especially when GFR is preserved) or in 

combination with loop diuretics. Such combination therapy 

is particularly useful in cases of resistance to loop diuretics, 

observed in 20% to even 50% of hospitalized patients [23].

In diuretic therapy, patients with HF should be primarily 

monitored for blood pressure (risk of hypotension, espe-

cially in combination with other drugs used in HF — ACEI, 

ARNI), electrolyte levels (especially potassium), and renal 

parameters (the possibility of exacerbation of renal failure, 

e.g. in the pre-renal mechanism). Particular caution should 

be exercised in patients with concomitant liver disease 

or chronic kidney disease while in people taking chronic 

non-steroidal anti-inflammatory drugs, the effect of diu-

retics may be weakened [2].

TREATMENT OF IRON DEFICIENCY 
Anemia is a common comorbidity in HF patients. Its pres-

ence indicates a more advanced stage of the disease and the 

occurrence of additional concomitant diseases. It is clearly

and closely linked to a worse prognosis. Its occurrence in HF 

does not depend on the age or the value of left ventricular

ejection fraction. Sideropenia, or iron deficiency, has been

treated for many years almost as a synonym of anemia and 

is seen as the underlying cause in HF patients. Today, we

know that this concept is much complex and also includes 

situations where iron deficiency is accompanied by normal 

hemoglobin concentration. The function of iron in the body 

is not limited to the formation of hemoglobin — it is an 

essential element of a number of cellular processes, and

its deficiency strongly worsens the prognosis in HF. The 

importance of the problem is now better understood in the 

current ESC guidelines — the treatment of iron deficiency 

is already determined by three recommendations, resulting 

from the FAIR-HF [24], CONFIRM-HF [25], and AFFIRM-AHF 

studies [26]. The first (class I) concerns the appropriateness 

of active screening for anemia and iron deficiency in all HF 

patients. The second (class IIa) recommends considering 

intravenous iron administration as an iron-carboxymalt-

ose complex to reduce symptoms and improve exercise

capacity and quality of life in symptomatic patients with 

HF and ejection fraction <45% and iron deficiency (defined

as plasma ferritin <100 μg/l or ferritin 100–299 μg/l with

DIURETUCS AVAILABLE ON THE POLISH MARKET, 

REGISTERED IN THE TREATMENT OF HEART FAILURE

LOOP

DIURETICS

Furosemide

Torasemide

THIAZIDE/THIAZIDE-LIKE 

DIURETICS

Hydrochlorothiazide 

(HCTZ)

Chlorthalidone

POTASSIUM-

-SPARING DIURETICS

Spironolactone

Eplerenone

Amiloride*

*in Poland available 

in combination 

with HCTZ

CARBONIC ANHYDRASE 

INHIBITORS

Acetazolamide

Figure 2. Practical classification of diuretic drugs registered in Poland in the treatment of heart failure (developed on the basis of Ali S et 

al. [20]). Sodium-glucose cotransporter 2 inhibitors are not shown as they are not used as a typical diuretic although they induce osmotic

diuresis. Similarly, the purpose of mineralocorticoid receptor use is different from diuretic effect). Thiazide-like diuretics indapamide and

clopamide available in Poland are not registered for HF

Abbreviations: HCTZ, hydrochlorothiazide
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transferrin saturation <20%). The third recommendation 

(class IIa), going one step further, increases the target group 

by patients with EF<50%, recently hospitalized for heart 

failure, thus covering not only the entire HFrEF group but 

also HFmrEF. It is worth noting that the cut-off points for 

ferritin and iron saturation of transferrin as an indication 

for iron administration have remained unchanged since 

2016 — the basic definitions are presented in Table 2. The 

US 2022 guidelines approach this issue similarly, formulat-

ing one simple recommendation — in patients with HFrEF 

and iron deficiency, regardless of anemia, intravenous iron 

administration is justified for improving the functional state 

and quality of life. 

It should be added that administration of erythro-

poietin alone is not recommended to reduce morbidity 

and mortality in HF.  Oral iron substitution is ineffective, 

as demonstrated in the IRON-OUT study [27] — the only 

recommended form of iron supplementation remains the 

the intravenous form. The iron-carboxymaltose complex in 

this form is available in Poland, it is administered both in 

hospitals and in outpatient conditions, and the occurrence 

of adverse symptoms is extremely rare. The beneficial effect 

of reducing the risk of cardiovascular hospitalization and 

improving the quality of life is obtained after a single or 

double administration of the drug, and this effect lasts for 

many months or even years. These benefits only apply to 

the intravenous form and are not observed with oral iron 

administration preparations. It should be added that the 

results of the IRONMAN study announced at the end of 

2022 [28] document a similar range of benefits in over two 

and a half years of follow-up (however, without a significant 

decrease in hospitalization for HF confirmed in AFFIRM-HF) 

with intravenous administration of iron complex with de-

risomaltose, a drug also available in Poland. 

DIGOXIN
Digoxin is a cardiac glycoside, isolated from the woolly 

foxglove, affecting the heart muscle, striated and smooth 

muscles, renal tubules, and the vagus nerve center, already 

known in ancient Greece and Egypt. 

In HFrEF therapy, digoxin can be considered, in ac-

cordance with the European guidelines, as an adjunct in 

symptomatic patients with HFrEF (NYHA class II–IV despite 

treatment with ACEI or ARNI, BB, and MRA) at sinus rhythm 

to reduce the risk of hospitalization (both for all causes 

and because of HF) — this is a low class IIb/B recommen-

dation. It is mainly based on the DIG study (the Digitalis 

Investigation Group, using digoxin vs. placebo, in patients 

treated concomitantly with ACEI and a diuretic) published 

in 1997 [29], with a different standard of primary HF treat-

ment. The American guidelines allow the use of digoxin 

(recommendation class IIb) in symptomatic HFrEF class II–III 

according to NYHA, and it is not possible to use the original 

therapy due to its poor tolerance. In clinical practice, the 

use of digoxin in this indication is rare. The justification for 

the low class of recommendations for digoxin is the fact 

that only one randomized trial produced no mortality re-

duction, demonstrating a moderate reduction in the risk 

of a composite endpoint (mortality or hospitalization rates, 

along with symptom reduction), which is also consistent 

with the results of the meta-analyses of clinical trials [30]. 

A common and widely accepted indication for digoxin 

is symptomatic heart failure or decompensation of heart 

failure, caused/exacerbated by the rapid rate of ventricular 

rhythm in the course of AF. Digoxin should be considered 

in AF patients with rapid ventricular function (>110 bpm) 

despite beta-blocker use, in the absence of hemodynam-

ic instability, and administered in 0.25–0.5 mg boluses 

intravenously, if not previously used. The dose of the drug 

should be adjusted taking into account the narrow thera-

peutic window, especially in patients with factors affecting 

its metabolism, such as chronic kidney disease, elderly age, 

female sex, frailty syndrome, hypokalemia, malnutrition, 

and possible drug interactions. To determine the correct 

maintenance dose, the concentration of digoxin in the se-

rum should be determined — the optimal concentration in 

the serum is 0.5–0.9 ng/ml. The concentration of 1.2 ng/ml 

should not be exceeded, as the risk of death increases 

linearly at higher values. 

Digoxin is also a useful drug for achieving the rec-

ommended control of ventricular frequency in AF [2, 

31] — initial lenient rare control (<110/min) with the use 

of beta-blockers before digoxin, used as an alternative 

or auxiliary drug, is allowed. Strict control of ventricular 

Table 2. Definitions of iron management disorders in the context of HF

Description Desirable values in patients with 

heart failure

Values indicative of sideropenia in 

heart failure

Anemia Hemoglobin levels in whole blood below 

normal

>12.0 g/dl in women 

>13.0 g/dl in men 

—

Ferritin Liver protein storing iron ions In plasma:

100–400 μg/l in women

100–200 μg/l in men 

In plasma: 

<100 μg/l

In plasma: 

100–299 μg/l concomitant TSAT<20%

Transferrin Primary plasma iron carrier 15–50 μmol/l

TIBC — total iron binding 

capacity

The maximum amount of iron required 

for complete saturation of transferrin,

250–400 μmol/l

TSAT — iron saturation of 

transferrin

(Iron/TIBC total iron binding capacity) 

× 100%

>20%
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function (<80/min at rest and <110/min at moderate ex-

ercise) should be sought in the following days of therapy 

if symptoms persist or if cardiac dysfunction is likely to be 

associated with tachycardia (tachycardia induced cardio-

myopathy). Optimal heart rate control is also a strategy for 

patients with atrial fibrillation and hemodynamically stable 

heart failure — it should be obtained using beta-blockers, 

digoxin, or amiodarone. In the absence of clinical im-

provement, performing procedures such as electrical or 

pharmacological cardioversion, atrial fibrillation ablation, 

or modification of the atrioventricular junction in patients 

not responding to pharmacotherapy should be considered. 

The strategy of maintaining sinus rhythm with the use of 

ablation is gaining importance [3] in the light of newer stud-

ies and their meta-analyses, showing the advantage of the 

procedure based on ablation of atrial fibrillation consisting 

in improving the prognosis: reduction of mortality from all 

causes (reduction of risk by 49%), hospitalization frequency 

(reduction of risk by 56%), improvement of left ventricular 

function and quality of life [32]. This may further reduce the 

role of digoxin in the treatment of HF in the near future. 

VERICIGUAT
The new molecule recommended for the treatment of HF 

is vericiguat — a drug registered in the European Union 

in 2021 (tablets: 2.5, 5, and 10 mg), which can be consid-

ered in selected HFrEF patients who have experienced 

a deterioration  in HF while using first-line therapies (RAA 

system inhibitor/ARNI, BB, and MRA). In the case of the ESC 

guidelines, this recommendation has an IIbB class and in 

the case of the AHA/ACC/HFSA guidelines — 2bR-B.

Vericiguat is a soluble guanylate cyclase (sGC) stimula-

tor. A drug with a similar mechanism of action, riociguat, 

is already used in thromboembolic therapy and primary 

pulmonary hypertension (as part of drug programs), but in 

the case of HF, the NO-sGC-cGMP pathway is a completely 

new point of reference for pharmacotherapy [33]. In the 

course of heart failure, the function of the NO-sGC-cGMP 

pathway is impaired. An increase in sGC activity inhibits 

the processes of fibrosis and cell hypertrophy, reduces 

inflammation, and relaxes smooth muscle cells. In turn, an 

increase in cGMP activity through activation of phosphodi-

esterase 2 also reduces excessive cAMP activity, which can 

stimulate the sympathetic system, RAA system, and, in 

consequence, pathological cardiac remodeling [34].

The clinical benefit of vericiguat (a significant 10% 

reduction in the risk of death or rehospitalization for 

HF) was demonstrated in the VICTORIA study in patients 

with recent HF exacerbation (EF <45%, NYHA class II–IV). 

However, it is noteworthy that vericiguat was added to 

the HFrEF pharmacotherapy conducted in accordance 

with the guidelines available during the design phase, i.e. 

not including the flozins. Only 60% of patients received 

“standard pharmacotherapy” at that time, and only 15% 

used ARNI. The effect on the primary endpoint became 

noticeable after approximately 4 months of therapy. At 

the time of writing of this article, vericiguat already has 

Polish-language characteristics of the medicinal product 

(MPCh), but it is not available in pharmacies and its price 

is not known. Although the idea of including a new neu-

rohormonal pathway in the therapy is very interesting 

and it is worth following the results of subsequent clini-

cal trials taking into account the use of this molecule, in 

practice it is difficult to predict whether adding vericiguat 

to the current quadruple regimen (ACEI/ARA/ARNI+B-

B+MRA+SGLT2i) will provide similar benefits. Based on 

the data from the MPCh (www.ema.europa.eu/en/docu-

ments/product-information/verquvo-epar-product-infor-

mation_en.pdf ), it is worth remembering that the drug 

has a half-life of approximately 30 hours in HF patients, it 

is administered orally with a meal at a dose of 1 × 2.5 mg 

once a day, doubling every 3 weeks to the target dose of 

1 × 10 mg per day. Specific contraindications are preg-

nancy and breast-feeding, hypotension <100 mm Hg 

SBP, and a significant reduction in renal function (eGFR 

<15 ml/min/1.73 m2). It must not be co-administered with 

riociguat or nitrates. Typical side effects are hypotension, 

anemia, dyspepsia or gastroesophageal reflux disease, and 

dizziness or headache.

ANTIPLATELET  
AND ANTICOAGULANT DRUGS

The current HF guidelines, both the 2021 ESC document 

and the 2022 AHA/ACC/HFSA document, do not comment 

in any new way on antiplatelet therapy — so one should 

assume that the recommendations described in the docu-

ments dedicated to such entities, such as chronic coronary 

syndromes, peripheral atherosclerosis, or stroke are to be 

followed. 

In the HF documents, there is some new content on 

the principles of anticoagulation (affecting the plasma 

coagulation system) used for the prevention of stroke and 

venous thromboembolic disease or in situations where we 

find the presence of blood clots in the vessels. An important 

subgroup of HF patients includes those with coexisting 

AF. In such a situation, the very fact of diagnosing heart 

failure implies at least 1 point on the CHA
2
DS

2
-VaSC scale 

— anticoagulant treatment should, therefore, at least be 

considered, and in the vast majority of cases it will be in-

dicated. The American guidelines emphasize that the risk 

of thromboembolic complications of AF in HF patients, as 

the only additional risk factor, is several times higher than 

without it. The American guidelines also point out that the 

use of anticoagulants is a reasonable course of action for 

patients with AF and amyloidosis of the heart, regardless 

of the CHA
2
DS

2
-VaSC

 
score. The principles of prophylaxis in 

HF-associated AF do not deviate from the general principles 

with a preference for non-vitamin K antagonist oral anti-

coagulant (NOAC) due to higher effectiveness and better 

safety profile in the context of intracranial bleeding. The 

decisions in this matter are individual and must take into 

account, among others, the financial capabilities of the 
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patient — in the case of NOAC in Poland, the refund applies 

only to prevention or deep vein thrombosis (30%/S), so it 

can be used by HF patients with a history of pulmonary 

embolism or venous thromboembolic disease, but not 

with AF as an indication. 

According to the 2022 ESC guidelines for heart fail-

ure, e anticoagulation with low molecular weight heparin 

(LMWH) is recommended as part of the management of 

acute heart failure (IA) if the patient does not have con-

traindications or does not use chronic anticoagulants for 

other indications. The American guidelines also confirm this

indication, however, allowing not only the use of LMWH but 

also fondaparinux or NOAC. Suggestions for the principles

of anticoagulation prophylaxis in the case of hospitalization

of patients with HF exacerbation, not using anticoagulants 

for other indications, are presented in Figure 3.

It should be emphasized that both European and 

American guidelines do not recommend the use of 

anticoagulants in HF patients without accompanying

typical indications for this treatment. The issue of the 

appropriateness of using vitamin K antagonists (VKA) or 

NOAC in patients with HFrEF without confirmed AF, which 

was discussed for many years, has been resolved. In the 

randomized, prospective COMMANDER study evaluating 

the effects of complementing the standard pharmaco-

therapy regimen in patients with HFrEF, a concomitant

coronary heart disease but without rivaroxaban AF at 

a dose of 2 × 2.5 mg, it was not shown that such a course 

of action was associated with a reduction in the risk of 

stroke, heart attack, or death [35]. A systematic review

in the Cochrane database finds no evidence that the use 

of anticoagulants in HF patients without AF is associated

with any clinical benefits [36].

PHARMACOTHERAPY IN HFMREF 
Treatment of patients diagnosed with HF with mildly re-

duced left ventricular ejection fraction (41%–49%) is largely

similar to treatment of HFrEF. Symptomatic treatment in 

patients with fluid overload/congestion features is based 

on diuretics, currently in the first class of European and

American recommendations. Prognosis-enhancing ther-

apies have lower classes of recommendation in HFmrEF, 

with the notable exception of SGLT2i — empagliflozin and 

dapagliflozin — which tested positive in large prospective

trials involving patients with HFmrEF and HFpEF. These 

were the first drugs, the studies on which achieved the

expected endpoints in the HFmrEF/HFpEF prognosis, and 

the obtained benefits were consistent in those subgroups

of patients. 

The results of the EMPEROR-Preserved and DELIVER 

studies confirmed similar efficacy of empagliflozin and

dapagliflozin in both patients with preserved and mildly

[36] reduced ejection fraction [37] (in the case of DELIVER

— also patients with HFimpEF [37]). A statistically signif-ff

icant reduction in the incidence of the primary endpoint

in the form of worsening [38, 39] of HF symptoms or car-

diovascular mortality compared to the placebo group was 

achieved. These studies allowed SGLT2i to be placed in rec-

ommendation class 2a as the most strongly recommended

class of drugs improving prognosis in HFmrEF [3]. The 

scheme HFmrEF recommendations by the ACC/AHA/HRSA

[3] are presented in Figure 4.

Therefore, considering the available evidence, the 

standard pharmacotherapy of HFmrEF should include one 

of the above-mentioned flozins, and an increase in their

class of recommendations is expected soon (due to two

successful prospective studies). Their high position in the 

Hospitalized patient 

with exacerbated HF, 

without continuous  

anticoagulation

with CrCI >

30 ml/min/1.73m2*

Enoxaparin**

Unfractionated 

heparin

5000 units s.c. 

every 8–12 hours

1 × 60 mg/24 hours 

in obese patients

1 × 40 mg/24 hours 

at non-extreme body weight

Rivaroxaban 

1 × 10 mg

Figure 3. The strategy for the prevention of thromboembolic complications in patients hospitalized for heart failure exacerbation according 

to the American guidelines

*The American College of Cardiology/American Heart Association/Heart Failure Society of America (ACC/AHA/HFSA) guidelines indicate that

data on efficacy of various thromboembolic complication prevention strategies are derived from randomized trials in patients with creatinine

clearance (CrCl) >30 ml/min. The US guidelines do not provide management recommendations for patients with CrCl ≤30 ml/min. **The 

European Society of Cardiology guidelines suggest using low molecular weight heparin, without further specific recommendations
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recommendations proves the considerable effectiveness 

and, importantly, safety of this group of drugs.

PHARMACOTHERAPY IN HFPEF
The 2021 ESC guidelines do not include recommendations 

for modifying the course of HFpEF because they were 

created before the announcement of the groundbreaking

positive results of the EMPEROR-Preserved [37] and DELIV-

ER trials [36]. Screening for risk factors and conditions asso-

ciated with HFpEF and their treatment are recommended, 

as well as treatment aimed at reducing the symptoms of 

fluid retention with diuretics — loop diuretics are preferred. 

The authors of the 2021 ESC guidelines emphasize that the

US Food and Drug Administration (FDA) has approved the 

use of sacubitril/valsartan and spironolactone in HFpEF 

patients. In a subgroup analysis of the PARAGON-HF study, 

a reduction in the incidence of hospitalization for heart

failure was shown among patients with LVEF <57%. In 

a meta-analysis of the PARADIGM-HF and PARAGON-HF 

studies, a reduction in the incidence of cardiovascular death 

and hospitalization for heart failure was demonstrated [40].

According to the newer guidelines published in 2022[3]

(after the presentation of EMPEROR-Preserved), the use of 

SGLT2i should be considered in HFpEF patients to reduce 

cardiovascular mortality and the risk of hospitalization 

(class IIa). The use of ARBs, ARNI, and MRAs to reduce the 

risk of hospitalization (class IIb) may also be considered. It is 

emphasized that the clinical benefits of ARB, ARNI, and MRA 

are greatest for patients in whom LVEF is close to 50% [3]. 

The success of studies with empagliflozin and dapag-

liflozin [36, 37] allowed for the first time to include in the 

recommendations drugs that reduce the risk of death and 

hospitalization caused by exacerbation of HF in HFpEF. In

the EMPEROR-Preserved study published in 2021, it was 

shown that in patients with HF and LVEF >40%, NT-proBNP 

concentration above 300 pg/ml (>900 pg/ml in the case of 

AF) and GFR not lower than 20 ml/min/1.73 m2, joining the 

standard empagliflozin treatment (vs. placebo) reduced

the risk of cardiovascular death or hospitalization for heart

failure over 26 months and was associated with a lower rate 

of deterioration in renal function. A reduction in the risk of 

the main endpoint was observed both in the subgroup of 

patients with diabetes and patients without diabetes [41]. 

Similarly, the DELIVERY study presented at the 2022 ESC

Heart Failure Congress in Madrid (therefore, not available 

when the guidelines were developed) showed that dapagli-

flozin significantly reduced the risk of cardiovascular death 

or HF exacerbation in patients with HFpEF/HFmrEF. Patient 

inclusion criteria were very similar (LVEF>40%, NT-proBNP 

concentration above 300 pg/ml and >600 pg/ml for AF and 

GFR not lower than 25ml/min/1.73 m2, HFimpEF patients

were also accepted [41]). Both studies also showed benefits 

in terms of quality of life for patients treated with flozin. 

These consistent results of key [42] conceptually similar

studies allow us to expect recommendations for flozins in 

HFpEF and HFmrEF in the upcoming guidelines of higher 

classes. Therefore, dapagliflozin or empagliflozin treatment

is a key treatment method available to Polish patients in 

SODIUM-GLUCOSE 

COTRANSPORTER 2 

INHIBITORS (SGLTS)

HFmrEF

PHARMACOTHERAPY

DIURETICS

ANGIOTENSIN 

CONVERTING 

ENZYME INHIBITORS

ANGIOTENSIN 

RECEPTOR 

BLOCKERS

ANGIOTENSIN RECEPTOR 

— NEPRILYSIN INHIBITOR 

(ARNI)

MINERALOCORTICOID 

RECEPTOR ANTAGONISTS

BETA-BLOCKERS

approved for HRrEF

EMPAGLIFLOZIN

DAPAGLIFLOZIN

Figure 4. Pharmacotherapeutic regimen for HFmrEF proposed in the American College of Cardiology/American Heart Association/Heart Fail-

ure Society of America (ACC/AHA/HFSA) [3] guidelines (colors correspond to the classes of recommendations: green — recommended drugs;

yellow — drugs to be considered for use; orange — drugs that can be considered in therapy). The level of recommendations for sodium 

glucose cotransporter 2 inhibitors is likely to increase due to the consistent, favorable results of two prospective trials

Abbreviations: see Table 1
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these numerous patient populations in which we have not 

yet had clearly effective treatment methods.

Recently a beneficial effect of SGLT2i independent of 

the EF value was also observed in patients with exacerbated 

HF recruited to the EMPULSE study [43]. Patients receiving

empagliflozin for 9 days of follow-up had a 36% reduction 

in the risk of cardiovascular death, hospitalization for heart 

failure, and improved quality of life (Figure 5). 

KEY ELEMENTS OF AHF PHARMACOTHERAPY
According to the ESC guidelines, the pharmacotherapy 

strategy for acute heart failure should depend on its clin-

ical form:

• In patients with acute decompensated heart failure 

(ADHF) who gradually accumulate sodium and water,r

therapy should be based on diuretics (with the addition 

of inotropes/vasoconstrictors in cases of coexistence of 

peripheral hypoperfusion/hypotension); 

• In patients with pulmonary edema, who are predom-

inantly affected by rapid redistribution of pulmonary 

circulation fluid, often due to increased subsequent

load, vasodilators are used in addition to diuretics, 

• In patients with cardiogenic shock, inotropes/vasocon-

strictors are indicated;

• In patients with isolated right ventricular failure, as

in ADHF, mainly diuretics are used along with inotro-

pes/vasoconstrictors in the case of arterial hypotension. 

In the American guidelines, AHF therapy is also based 

on assessment of congestion and perfusion. Similarly, in 

both documents, therapy priorities include the search for 

reversible causes of AHF and their treatment. 

Although there is still no breakthrough in the available

pharmacotherapy of AHF, the presented regimens are 

helpful in the care of AHF patients. The main novelty is the

practical algorithm for the use of diuretics in AHF (referring 

to the algorithm proposed by the Heart Failure Association 

ESC [44] in 2019 — see below).

The guidelines clarify selected recommendations for 

AHF pharmacotherapy:

• Diuretics (ESC, AHA/ACC/HFSA: recommendation class

I). Treatment with loop diuretics should be initiated

intravenously with furosemide 20–40 mg or torasemide 

10–20 mg (dosage for patients not previously treated 

with diuretics). For patients previously treated with di-

uretics, a dose equal to or doubling the long-term daily

oral dose of the loop diuretic should be administered.

• The assessment of the efficacy of the therapy should

be based on the evaluation of natriuresis (efficacy cri-

terion: sodium concentration in a single urine sample

at 2 hours ≥50–70 mmol/l) and/or diuresis (efficacy

criterion: hourly diuresis at 6 hours ≥100–150 ml/hour).

In the case of insufficient response to treatment, the 

dose of loop diuretic should be doubled with subse-

quent re-evaluation.

• A combination of a loop diuretic with thiazide (rec-

ommendation class IIa) or acetazolamide should be

considered. In the recently published ADVOR study, the 

addition of acetazolamide (3 days, 500 mg/day intrave-

nously) to loop diuretics in patients with AHF increased 

the effectiveness of diuretic treatment and shortened 

hospitalization time [22]. An alternative may be the 

use of flozins (SGLT2i). Such a strategy, the so-called 

“sequential nephron blockade” by drugs inhibiting

sodium resorption at different levels of the nephron

(SGLT2 inhibitors and acetazolamide — in the proximal 

tubule, thiazides, and aldosterone antagonists — in

the distal tubule), may help overcome the so-called 

“resistance to loop diuretics” [44]. 

• Vasodilators: nitrates or sodium nitroprusside (ESC,

AHA/ACC/HFSA: recommendation class IIb) may be

considered as initial therapy in patients with systolic

blood pressure (SBP) >110 mm Hg to reduce conges-

tion symptoms.

• Inotropic drugs (ESC: recommendation class IIb,

AHA/ACC/HFSA: recommendation class I) may be con-

sidered in patients with SBP <90 mm Hg and features of 

hypoperfusion who do not respond to standard therapy

including fluid administration. 

Optimization 

of CVD 

and CVRF 

treatment

Diuretics1

SYMPTOMATIC PATIENTS WITH LVEF ≥50%

SGLT2 

inhibitors
ARNI MRA ARB

Figure 5. Basic principles of pharmacotherapy in patients with HFpEF (modified according to [3]) — the order according to the decreasing 

classes of recommendations; the class of recommendations SGLT2i is likely to increase

1In patients with congestion/fluid overload features

Abbreviations: ARNI, angiotensin receptor-neprilysin inhibitor; ARB, angiotensin II receptor blockers; CVD, cardiovascular diseases underlying 

HFpEF; CVRF, cardiovascular risk factors; MRA, mineralocorticoid receptor antagonists; SGLT2i, sodium glucose cotransporter 2 inhibitors
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• Vasoconstrictors (ESC: recommendation class IIb) may 

be considered in patients with cardiogenic shock; 

noradrenaline is preferred. 

• Opioids (ESC: recommendation class III). ESC 2021 guide-

lines do not recommend routine opioid use except for 

severe/persistent pain or anxiety. 

Both ESC and US guidelines emphasize the importance 

of discharging a patient from the hospital without residual 

congestion, initiation and optimization of pharmacother-

apy to improve prognosis, and scheduling a follow-up 

visit 1–2 weeks after discharge. Most patients with AHF in 

Poland are treated in internal disease wards. Hospitals of 

lower referentiality may not have access to the full range of 

diagnostic tests or therapeutic procedures, which may lead 

to differences in AHF procedures among Polish hospitals 

[45], e.g. in many centers, no determination of urine sodium 

concentration is performed (despite the low cost of the test).

PRACTICAL ADVICE FOR HANDLING AHF
Below is the most important practical advice for the treat-

ment of acute heart failure (medicines available in Poland).

Recommendations for the use of diuretics: 

• Dosage — usually initiated i.v. with a subsequent switch 

to the oral route;

• Loop diuretics — initially an intravenous bolus in di-

uretic naive patients:

 — Furosemide — starting dose: 20–40 mg, typical 

chronic daily dose: 40–240 mg; can be adminis-

tered as 2–3 boluses per day or in a continuous 

infusion — efficacy is similar; maximum daily dose 

400–600 mg (up to 1000 mg in patients with severe 

renal insufficiency),

 — Torasemide — usually parenteral initiation switched 

to the oral form – starting dose: 10–20 mg, typical 

chronic daily dose: 10–20 mg in one dose; maximum 

daily dose 200–300 mg; 

• Thiazide diuretics:

 — Hydrochlorothiazide — starting dose: 25 mg, usual 

dose: 12.5–100 mg;

• Carbonic anhydrase inhibitor:

 — Acetazolamide — starting dose: 250–375 mg, usual 

dose: 500 mg (recommended in ADVOR study for 

3 days i.v. – in Poland only oral formulation is available);

• Once an evident negative fluid balance has been 

achieved, the dose of diuretics should be gradually re-

duced;

• The switch from intravenous to oral therapy should be 

initiated after the patient has achieved stable clinical 

status and continued at the lowest possible dose to 

avoid signs of congestion;

• The most common side effects of diuretics: 

 — hypokalemia, hyponatremia, and metabolic alka-

losis,

 — hypomagnesemia, hypocalcemia, and hyperuri-

cemia,

 — hypovolemia, hypotension, and renal dysfunction;

• Monitoring of the therapy: clinical signs of congestion, 

fluid balance, urine sodium, blood pressure, serum 

blood urea/nitrogen, creatinine, sodium, potassium, 

and calcium,

• Recommendations for the use of vasodilators:

 — May be considered at systolic blood pressure 

>110 mm Hg,

 — Administration of these drugs can be started with 

small doses, which are then gradually increased 

to achieve clinical improvement and control of 

blood pressure;

• Dosage:

 — Nitroglycerin — initially 10–20 μg/min, can be 

increased to 200 μg/min,

 — Sodium nitroprusside — initially 0.3 μg/kg/min, can 

be increased to 5 μg/kg/min;

• Hypotension resulting from excessive reduction of 

preload and afterload should be avoided;

• Caution should be exercised in patients with left ven-

tricular hypertrophy and/or severe aortic valve stenosis.

• Nitroglycerin tolerance and cross-tolerance to other 

nitrate and nitrite preparations may occur. In order 

to avoid the phenomenon of tolerance, the lowest 

effective doses of the drug, asymmetrical dosage, and 

periodic administration of nitroglycerin alternately with 

other vasodilators should be used;

• Adverse reactions: hypotension, headache, tachycardia, 

nausea, and vomiting;

• Monitoring of therapy: blood pressure measurements, 

ECG;

• Rules for the use of inotropic and vasospasmodic 

drugs. Dosage:

 — Dobutamine — 2–20 μg/kg/min (beta-adrener-

gic effect),

 — Dopamine — 3–5 μg/kg/min: inotropic effect (be-

ta-adrenergic effect), 

 — >5 μg/kg/min: inotropic (beta-adrenergic effect) 

and vasospasmodic (alpha-adrenergic effect),

 — Milrinon — 0.375–0.75 μg/kg/min,

 — Levosimendan — 0.1 μg/kg/min, dose range: 

0.05–0.2 μg/kg/min,

 — Noradrenaline — 0.2–1.0 μg/kg/min — a drug 

preferred in severe arterial hypotension,

 — Adrenaline — 0.05–0.5 μg/kg/min;

• Adverse reactions: tachycardia, arrhythmias, myocardial 

ischemia, sympathetic system stimulation symptoms, 

hypotonia, hypertension, and peripheral tissue isch-

emia;

• Monitoring: ECG, blood pressure measurements, gas-

ometry.

FUTURE PERSPECTIVES OF THE HEART 
FAILURE TREATMENT 

Omecamtiv mecarbil (oral tablets used twice a day in 

doses of 25–50 mg) is a new, selective activator of cardiac 

myosin for patients with HF and with impaired fraction of 
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the left ventricle. It is not registered in Europe, the proce-

dure of its registration in the US is ongoing. The drug can 

be classified as an inotropic substance, but unlike most of 

them, strengthening muscle contraction is not associated 

with greater energy, oxygen demand, or an increase in the 

heart rate. The drug supports stronger binding of myosin to 

the actin filament, which translates into an increase in the 

number of these bonds and an increase in the strength of 

myofibrillar contraction. In the GALACTIC-HF trial, in more 

than 8 000 patients with symptomatic HF and LVEF ≤35% 

adding omecamtiv to standard therapy reduced the relative 

risk of HF patients’ decompensation by 10% over 2 years 

(absolute risk reduction of 2.1%) [46]. A slightly stronger 

effect in patients with the lowest EF values is worth pointing 

out. However, the GALACTIC-HF study did not meet the 

modern requirements of basic optimal HF therapy due to 

the lack of standard use of flozins. The drug is mentioned 

once in the latest ESC guidelines for heart failure and is 

currently unavailable.

Tolvaptan (once-daily tablets in doses of 7.5, 15, 

and 30 mg — higher registered doses for people with 

polycystic kidney disease) is a selective vasopressin type 

2 receptor antagonist. It is registered for the treatment of 

hyponatremia in the course of chronic HF, cirrhosis of the 

liver, polycystic kidney disease, and Schwartz-Bartter syn-

drome (inappropriate release of vasopressin syndrome); it 

has been available commercially for many years in the US 

and Europe. The latest 2021 ESC guidelines list tolvaptan 

as therapy to be considered for persistent hyponatremia 

with stagnation but recall the lack of results of randomized 

clinical trials indicating clear cardiovascular benefits in this 

patient group [47].

The HF guidelines omit a substance that improves 

prognosis for heart failure as indicated in a randomized 

prospective double-blind placebo-controlled trial. This 

substance is coenzyme Q10. In the Q-SYMBIO study in-

volving 420 patients with heart failure in NYHA class III-IV, 

high doses of coenzyme Q10 3 × 100 mg daily were used. 

In a two-year follow-up, coenzyme Q10 reduced the risk of 

cardiovascular events in this group by 50% (11% absolute 

risk reduction), the relative risk reductions were: 43%, 

42%, and 41% for cardiovascular mortality, total mortality, 

the need for hospitalization for heart failure, respectively. 

[48]. The above results were confirmed in the analysis of 

a subgroup of Europeans participating in the Q-SYMBIO 

study [49]. The problem with using coenzyme Q10 lies in 

the fact that only in some countries it is registered in such 

large doses as a drug, while in many countries it is simply 

an ingredient in dietary supplements, in several times 

smaller doses. In the QSYMBIO study, ubiquinone was used, 

but some preparations sold on the Polish pharmaceutical 

market contain ubiquinol. In the Q-SYMBIO study, a dose 

of 3 × 100 mg per day was deliberately used because the 

bioavailability of ubiquinone is so low that similar effective 

serum concentrations (concentrations above 2.5 mcg/ml) 

are not achieved using a single daily dose of 300 mg. 

However, the Q-SYMBIO study identifies an easily available, 

relatively inexpensive drug for adjuvant chronic HF thera-

py [50]. Further studies are awaited to precisely define its 

clinical benefits in HF patients.

Except for the medications shown in Figure 6, no other 

novel oral drugs of interest in HF are mentioned in the 

current guidelines. Recently, however, significant progress 

has been made in the pharmacotherapy of hyperkalemia, 

through the introduction of modern potassium-binding 

drugs. So far, none of these drugs has specified registered 

indications for use in hyperkalemia in chronic HF, but 

knowledge of these therapeutic options for doctors deal-

ing with NS patients may be important — hyperkalemia 

is a typical problem precluding the administration of full 

doses of RAA blocking drugs, including MRA. These drugs 

bind potassium in the digestive tract, reducing its absorp-

tion. These include medicines as old as sodium or calcium 

polystyrene sulphonate introduced to the pharmaceutical 

markets 70 years ago and newer ones — zirconium cyc-

lo-silicate introduced in 2018 and patiromer introduced in 

2015 in the US and in 2017 in Europe. Patiromer — a medi-

cine in the form of sachets containing 8.4,16.8, or 25.2 g of 

this agent is currently the only one with a clinical trial in the 

population of people with NS and hyperkalemia. The results 

of the DIAMOND study involving nearly 900 patients with 

chronic HFrEF, announced in 2022, showed that patiromer 

reduced the risk of significant hyperkalemia (>5.5 mmol/l) 

by 37% compared to placebo and the need to reduce the 

dose of the aldosterone antagonist by 38% [51]. 

Since there are currently no registered indications 

for the treatment of chronic hyperkalemia in this patient 

population, this can only be done “off label” — apart from 

the registered indications – based on the results of the 

DIAMOND study. Thus one can consider such treatment 

in adult patients with NS in NYHA class II-IV, with LVEF 

fraction ≤40%, who have laboratory-detected hyper-

kalemia (>5.0 mmol/l) or are currently characterized by 

normokalemia during such treatment. However, last year 

there were episodes where hyperkalemia caused the need 

for dose reduction or prevented the inclusion/optimization 

of a dose of a drug that inhibits the renin-angiotensin 

system, regardless of the drug class (ACE inhibitor, sartan, 

sacubitril/valsartan, MRA). The criteria for exclusion from 

the DIAMOND study were chronic kidney disease with GFR 

<30 ml/min/1.73 m2, hypotension <90 mmHg, and general 

poor prognosis due to comorbidities.

WHAT’S NEW? WHAT ARE THE CHALLENGES 
IN THE POLISH HEALTHCARE SYSTEM

The latest guidelines for HF pharmacotherapy — both 

European from 2021 and American from 2022 — are 

groundbreaking for clinical practice. They introduce not 

only new key drug groups but also new pharmacotherapy 

regimens based on the principle of phenotyping in HFrEF 

and take into account new populations of HF patients for 

whom therapeutic effectiveness has been documented. 



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 553

Jarosław D Kasprzak et al., Pharmacotherapy of heart failure A.D. 2023

FF

N

N

N

N N

HN O

O

H
2
N NH

2

CH
3

F
m

O O–

[Ca2+]
1/2

n p

n
p

*

*
*

*

*

*

CI

N
H

N

OH

O

OCH
3

CH
3

10

H

O

O

CH
3

H
3
C

H
3
C

O

O

CH
3

O

O

O

N
H

N

F

N
H

N

N

A B

C D

E

Figure 6. Structural formulas of new drugs with potential usefulness in heart failure: vericiguat (A), patiromer (B), tolvaptan (C), coenzyme 

Q10 (D), omecamtiv (E) 

Vericiguat

Patiromer

Tolvaptan Coenzyme Q10

Omekamt

After many years of research in the field of HF with EF >40%,

we have seen recommendations for HFmrEF and HFpEF. 

Similar progress concerns patients hospitalized for acute

HF, for whom discharge from the hospital is a key moment 

for the implementation of evidence-based treatment, 

enabling the improvement of the prognosis of this group 

of patients. Recommendations for the discharge period, 

formulated through the prism of national circumstances,

were prepared by the Polish Heart Failure Association (ANS) 

experts of the Polish Cardiac Society (PTK) in cooperation 

with the College of Family Physicians and the Polish Society

of Family Medicine [7]. This document discusses a number 

of important aspects of the management in the discharge

period, including the importance of iron deficiency.

The 2022 ACC recommendations were the first to

consider SGLT2i for patients with HFmrEF and HFpEF. ARNI 

and MRA were also recommended in HFpEF and HFmrEF,

with a slightly lower positioning. It is worth emphasizing

here that at the time of publication of the ACC 2022 rec-

ommendations, the results of the  DELIVER study were not 

available. Currently, we have data that allow using SGLT2i

(empagliflozin and dapagliflozin [52]) in HF regardless of 

EF, i.e. across the entire HF spectrum [41]. 

We support the proposed current scheme and rec-

ommend, in Polish conditions, therapy based on pillars

improving prognosis with clinically effective drugs highly 

positioned in the guidelines. Importantly, we recommend 

acting quickly to bring benefits already in the first month 
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of use. Modern pharmacotherapies also have a very 

well-documented beneficial effect on the quality of life. The 

current document does not cover new drugs that change 

the prognosis and quality of life in specific forms of HF, 

e.g. in cardiac amyloidosis (e.g. tafamidis) or hypertrophic 

cardiomyopathy (mavacamten), but they have become 

available outside clinical research programs and progress 

in the development of such therapies also falls within the 

broadly-understood contemporary HF pharmacotherapy.

But as usual, novelties are expensive, and not all current-

ly recommended modern drugs are reimbursed for Polish 

patients. However, it is noteworthy that the introduction of 

dapagliflozin and empagliflozin reimbursement for HFrEF 

in May 2022 improved access to these drugs. Extension of 

reimbursement (July 2022) for patients with chronic kidney 

disease (CKD) (at the moment only for dapagliflozin) allows 

implementing the reimbursed drug in those HFmrEF and 

HFpEF patients in whom CKD coexists and the conditions 

for reimbursement for CKD are met. Similarly, HFpEF/HFm-

rEF patients may benefit from empagliflozin and dapagli-

flozin reimbursement options after modifications to SGLT2i 

reimbursement terms in the treatment of diabetes. In 

order to meet the needs of clinical practice, ANS experts 

have prepared a document on patient identification in 

accordance with the requirements of reimbursement for 

SGLT2 inhibitor therapy [53]. Unfortunately, there is still no 

refund for sacubitril/valsartan for Polish patients. However, 

thanks to the reduction in the price of this drug by the 

manufacturer, it has become more accessible to patients 

with HFrEF, and a shared decision on its inclusion should 

be made in each patient with symptomatic HF, taking into 

account his/her economic possibilities.

The problem in Poland is not only the limited availability 

of treatment with modern drugs but also the organization 

of HF patient care, which creates barriers to implementa-

tion of optimal pharmacotherapy with the possibility of 

achieving target doses, patient monitoring, and initiation 

of therapy based on the evidence-based medicine (EBM). 

This is of particular prognostic importance for patients 

after hospitalization for the acute manifestation of HF, i.e. 

for a patient in the “post-discharge sensitive phase”. Long 

waiting times for a visit to a cardiologist, inertia of doctors, 

or economic aspects are classic barriers that the patient 

encounters during his/her illness. For effective treatment 

of HF, the following elements are also necessary: education 

of the patient and his/her family, the ability to self-control, 

including weight monitoring, and patient knowledge of the 

basic elements of pharmacotherapy (diuretic treatment) as 

well as the long-term adherence and compliance with the 

treatment. The 2021 ESC guidelines emphasize the role of 

the heart failure nurse in the care of HF patients. In Poland, 

since 2021, an education platform for nurses has been 

launched (www.edu.slabeserce.pl), addressed to those 

who would like to become educators for HF patients. The 

Education and Certification Program was created under 

the auspices of PTK, ANS PTK, and the Supreme Chamber 

of Nurses and Midwives. 

The 2021ESC guidelines also refer, in the first class of 

recommendations, to multi-specialty care programs for HF 

patients. Including HF patients in this model of care has 

been shown to reduce HF mortality by as much as 25%, 

hospitalization for HF by 26%, and the total number of 

hospital admissions by 19% [54]. In Poland, such solutions 

do not work, and the developed KONS comprehensive 

care program has not been implemented. Expectations 

for new solutions included in the National Cardiac Care 

Network, currently in the pilot phase, must therefore be 

high, especially as it assumes unlimited financing for the 

treatment of heart failure. 
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