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�� FROM THE EDITOR

New publisher of Kardiologia Polska:  
what do we hope for in May 2021?

Anetta Undas1, 2

1Institute of Cardiology, Jagiellonian University Medical College, Kraków, Poland 
2John Paul II Hospital, Kraków, Poland

May 2021 marks the start with a new publishing 
house which leads to many changes for Kardio­
logia Polska (Kardiol Pol, Polish Heart Journal). As 
announced in April 2021,  Kardiol Pol  is being 
published by Via Medica on behalf of the Polish 
Cardiac Society. Given a well-established position 
of Via Medica in the field of academic publishing, 
as reflected by nearly 50 regular medical journals 
in its portfolio, a new publisher opens new oppor-
tunities, although the beginning has been full of 
grave problems and technical challenges noticed 
by our readers and supporters who sent emails 
and made phone calls asking about the current 
status and expressing their concerns about the 
future of the journal. Again, I would like to apol-
ogize to all of you for problems with access to full 
texts of all articles for 10 days. All articles can be 
now read in PDF format.

Some visible changes have already been 
implemented by Via Medica. As you may have 
noticed from the look of the front cover and will 
see as you browse through this month’s issue, the 
journal has a new appearance with an updated 
article type style, and a new layout.

From May 2021, all the articles from Kardiol Pol 
will be hosted on the publisher’s website (journals.
viamedica.pl/kardiologia_polska). All interested 
readers will be allowed to access the journal’s full 
content free of charge, as previously, including 
Polish versions of the ESC guidelines published 
in Educational Issues of Kardiol Pol. We will do our 
best to publish peer-reviewed articles Online First 
within a few days ahead of the issue publication. 
At the time of Online First publication, the text of 
an article will be fully searchable and citable by its 
Digital Object Identifier (DOI), along with Publons, 
via the Editorial Manager to which most authors and 
reviewers got used to. The journal’s website devel-
oped in the current version within a few days by Via 
Medica will be improved to provide a user-friendly 
and fully searchable homepage for the journal.

For the last two years, we have been working 
on reorganizing our Editorial Team to guarantee 
a fair and high-quality review process and a rapid 
editorial turnaround we have been known for in 
2019 and 2020. We have decided to maintain the 
proofreading of the accepted papers and their 
uniform appearance. To increase visibility and 
boost the number of citations, we intend to carry 
on the initiatives implemented in previous years, 
including rapid publication upon acceptance 
(within 2–3 months) and swift production process, 
copyrights with the authors, responsive editorial 
service, preparation in various formats (HTML, PDF) 
for online publication, and social media activity.

Our team has the ambition to build on this 
success and make Kardiol Pol one of the top 
forums for publication of new scientific observa-
tions in the field of cardiology at an international 
level. The editorial team, in cooperation with 
authors and the new publisher, will strive to 
continue to produce the highest quality content 
in the best possible forms and in the shortest 
possible editorial time. We also hope that the new 
publisher will provide interactive content to phy-
sicians, researchers and the medical community.

We look forward to this new era for Kardiol 
Pol and to productive interactions with Via Medica, 
our new partner in publishing, supporting our 
vision of the journal. 
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�� E D I T O R I A L

Cost-effectiveness of different models of cardiac 
telerehabilitation

Martijn Scherrenberg1, 2, Maarten Falter1–3, Paul Dendale1, 2

1Heart Center Hasselt, Jessa Hospital, Hasselt, Belgium
2Mobile Health Unit, Faculty of Medicine and Life Sciences, Hasselt University, Hasselt, Belgium
3KU Leuven, Faculty of Medicine, Leuven, Belgium

Related article 
by Niewada et al., 
see p. 510

Both European and American guidelines recom-
mend cardiac rehabilitation (CR) as a priority in 
the secondary prevention and follow-up of both 
ischemic heart disease as heart failure [1, 2]. De-
spite the clear benefits of CR, the participation 
rates are disappointingly low across the globe 
[3]. Cardiac telerehabilitation and home-based 
CR are often considered as novel methods to 
increase adherence and participation. How-
ever, it is currently not proven that providing 
cardiac telerehabilitation can increase par-
ticipation rates. On the other hand, it is well- 
-established in multiple (small sample size) trials 
that telerehabilitation could be as effective as 
center-based CR with similar healthcare costs 
[4]. It is important to recognize that almost all 
previous studies used different models of car-
diac telerehabilitation, and cost-effectiveness 
studies are rare. 

Telerehabilitation models can have a hybrid 
approach where patients first start with center-
based CR for several sessions and then start 
with a telerehabilitation program [5]. Other 
studies have examined the effectiveness of 
a combination of center-based CR and telere-
habilitation [6]. The third approach is replacing 
center-based CR with telerehabilitation [7]. 
For all these telerehabilitation models, studies 
have shown that the results are non-inferior in 
comparison with standard care, but no study 
compared the different models [5–7]. The way 
of delivering cardiac telerehabilitation can 
have a significant impact on the effectiveness 
and especially on the costs [4]. Two methods of 
delivery can be distinguished synchronous and 
asynchronous. Synchronous cardiac telerehabil-

itation refers to real-time interaction between 
the patient and healthcare provider. This has the 
advantage of very close follow-up and better 
personalization. However, it is also associated 
with a higher workload for the healthcare 
professionals and therefore also higher costs, 
especially when providing individual synchro-
nous cardiac telerehabilitation. This type of 
telerehabilitation is therefore probably best 
indicated in high-risk populations such as heart 
failure. In asynchronous telerehabilitation, there 
is no real-time interaction or follow-up between 
the patient and healthcare providers. Patients 
send their data to the hospital and are only 
monitored intermittently at fixed moments or 
if alerts occur. The advantage of asynchronous 
monitoring is that it is less labor-extensive and 
less costly providing the opportunity to fol-
low-up large groups of patients simultaneously. 
However, most studies using this approach 
focused on stable low-risk patients.

The TELEREH-HF trial used a hybrid and 
synchronous telerehabilitation program 
for heart failure patients. The trial revealed 
a significant impact on quality of life but no 
impact on cardiovascular or overall mortality 
[5]. Niewada et al. [8] demonstrated that the 
TELEREH-HF approach was cost-effective in 
comparison with standard care in the Polish 
healthcare setting. It is important to note that 
most patients (88%) in the standard care group 
did not participate in any form of CR, it remains 
to be studied if the TELEREH-HF approach is 
cost-effective compared to center-based CR. 
However, it is encouraging to see that a very 
elaborated telerehabilitation approach in 
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high-risk patients is cost-effective in the Polish setting. 
This again highlights the enormous potential value of 
cardiac telerehabilitation as an alternative to center-
based CR.

The different models of cardiac telerehabilitation have 
all demonstrated effectiveness and value as alternatives 
for center-based CR. In the future, it will be important to 
choose the right model for the right patients to further 
improve the cost-effectiveness of telerehabilitation in-
terventions. A simple approach such as asynchronous 
telerehabilitation with only a few devices could be safe 
and cost-effective in low-risk patients, whereas a more 
complex approach with real-time exercise and electro-
cardiogram monitoring is needed to ensure safe remote 
exercise in high-risk patients. Further research is needed 
to create recommendations for risk assessment and level 
of supervision before cardiac telerehabilitation. Other 
factors will also play a role in the determination of the 
right model for an individual patient such as the prefer-
ences of the patient, the motivation level of the patients, 
the moments that patients want to exercise, or even the 
presence of kinesiophobia.  

To conclude, evidence suggest that different models of 
cardiac telerehabilitation are effective and also cost-effec-
tive. In the future, it will be important to choose the right 
model of cardiac telerehabilitation for an individual patient 
from an economic and a safety perspective.
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The differentiation of severe and less severe 
aortic stenosis (AS) can be challenging as there 
are often discrepancies between mean gradient 
and effective orifice area. Current guidelines [1] 
divide severe AS with calculated aortic valve 
area (AVA) <1.0 cm2 into 4 flow-gradient sub-
types (Figure 1). 

Dobutamine stress echocardiography (DSE) 
is indicated for the subtype in which there is 
a mean pressure gradient (MPG) <40 mm Hg 
associated with left ventricular ejection fraction 
(LVEF) <50% [2]. The aim is to differentiate true 
severe from pseudosevere AS. The former is 
expected to benefit from aortic valve interven-
tion but the latter should be treated medically.

In the current issue of Polish Heart Journal 
(Kardiol Pol), Płońska-Gościniak et al. presented 
results from a Polish multicenter registry (Pol-
-LAS-SE registry) evaluating how stress echo-
cardiography was used to make management 
decisions in low gradient AS [3]. A total of 
163 patients (52% males) with low gradient AS 
underwent stress echocardiography at 16 car-
diology centers using dobutamine in 157 and 
exercise in 6 patients. 

The registry study provides interesting 
information on the current practice of using 
low dose DSE as part of diagnostic workup 
in low gradient AS. There are, however, some 
methodological constraints that limit the gen-

Severe AS

Severe aortic stenosis 
(aortic valve area <1.0 cm2)

Normal �ow
High gradient 

(Svi ≥ 35 ml/m2, 
MPG ≥40 mm Hg)

Normal �ow
Low gradient 

(Svi ≥35 ml/m2, 
MPG <40 mm Hg)

Low �ow
High gradient 

(Svi <35 ml/m2, 
MPG ≥40 mm Hg)

Low �ow
Low gradient 

(Svi <35 ml/m2, 
MPG <40 mm Hg)

Preserved 
EF (≥50%)

Reduced 
EF (<50%)

Conclusive low 
dose DSE

Moderate AS 
or pseudosevere

Flow correction, 
contractile reserve? (>20% in Svi)

DSE indicated Paradoxical LFLG, 
DSE not indicated

Figure 1. Flow-gradient subtypes of AS and indications for DSE. 

Abbreviations: AS, aortic stenosis; DSE, dobutamine stress echocardiography; EF, ejection fraction; LFLG, low flow low gradient; MPG, mean 
pressure gradient; Svi, stroke volume index
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eralizability of the study. First, the indications for stress 
echocardiography somehow diverged from international 
guidelines. DSE is indicated for low gradient AS with 
reduced LVEF while it is better to obtain a calcium score 
on computed tomography when the LVEF is normal. This 
is because when the left ventricular (LV) cavity is normal 
or small, dobutamine often causes severe subaortic flow 
acceleration which is potentially dangerous and also makes 
it impossible to interpret the study. Calcium scoring could 
also have been performed for the 14 patients with non- 
-diagnostic stress results as a result of the absent contractile 
reserve.  

A second problem is that an AVA <1.0 cm2 was an 
inclusion criterion, however, there were patients included 
with a baseline AVA >1.0 cm2. The discussion refers also to 
patients with ‘trivial stenosis’. In some of them, there was 
a thickened valve but uncertainty about the grade of AS 
because of low flow. In others, there was mild aortic valve 
thickening and the indication for the study was to check 
whether the valve should be replaced at the same time as 
coronary artery bypass grafting. There is no randomized 
controlled trial or other published evidence for using DSE 
to decide this question. If the decision is made on gradients 
obtained on mean dobutamine doses of 20 µg/kg/min, it 
is possible that the gradients through a replacement aortic 
valve were higher than before surgery. 

The purpose of DSE is to assess LV contractile reserve 
and to differentiate true severe from ‘pseudosevere’ or 
moderate AS. Usually, it is easy to differentiate moderate 
from severe AS provided there is an adequate contractile 
reserve or overall flow normalization is achieved (stroke 
volume index ≥35 ml/m2). The authors considered AS se-
vere if there was >20% increase in LV stroke volume, and 
any increase in LVEF during stress echocardiography and 
if the MPG was ≥40 mm Hg and AVA remained ≤1.0 cm2, 
which is straightforward. Moderate AS was defined as an 
AVA between 1.0 cm2 and 1.5 cm2 and MPG <40 mm Hg 
during DSE, however, with no reflection on the LVEF, the 
presence of contractile reserve or overall flow normaliza-
tion. Pseudosevere AS was defined as an increase in LV 
stroke volume of >20% with an increase in ejection fraction 
associated with an MPG <40 mm Hg and AVA >1.0 cm2. This 
definition of pseudosevere AS is consistent with moderate 
AS so the reason for the separate categories is not clear. 
Of note, current American and European guidance for 
the echocardiographic assessment of AS also stresses the 

fundamental division of AS severity by DSE (true severe vs 
pseudosevere/moderate) and does not describe pseudo-
severe as a third separate group in addition to moderate 
and severe [4]. 

A further problem is that there is no independent stand-
ard or follow-up outcome measures to determine whether 
stress echocardiography resulted in the best management 
decision. There is also no information comparing outcomes 
of patients having stress echocardiography with those 
who did not. 

Overall, the study shows that DSE in AS is safe and 
feasible. The authors are to be congratulated on their 
careful recording of data. It is important to examine clinical 
practice. Their retrospective and descriptive results suggest 
the need to collect prospective data including outcome 
measures to prove the benefit of stress testing in AS.   
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A B S T R A C T
With the aging of the population and improvement of life expectancy of patients with heart disease, 
there is an increase in non-cardiovascular (CV) comorbidities affecting chronic heart failure (HF) pa-
tients. The increased prevalence of different CV and non-CV comorbidities is a rising problem in the 
management of patients with HF, mostly because these comorbidities may lead to poor prognosis,  
increase of hospitalizations and mortality rate. Recently, important data from multicenter randomized 
studies point to diabetes mellitus or iron deficiency as new pharmacological targets, and this highlights 
the need of broad expertise for the 21st-century cardiologist. The management of HF should take into 
account non-CV comorbidities. In this review, we discuss novel aspects of non-CV comorbidities in HF 
patients and emphasize the impact on prognosis.

Key words: heart failure, chronic obstructive pulmonary disease, cardio-oncology, chronic kidney 
disease, diabetes
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INTRODUCTION 
In industrialized countries, the prevalence of chronic heart 
failure (CHF) is estimated to be 1%–3% of the population, 
exceeding 30% in people over 85 years [1]. The increased 
prevalence of the different comorbidities leads to problems 
in the management of HF patients, mostly because these 
comorbidities may lead to poor prognosis, increased hos-
pitalization and mortality rate. The correct management 
of comorbidities may be one of the strategies that reduce 
hospitalizations and death in this condition [2].

In heart failure (HF) patients, regardless of ejection frac-
tion (EF), comorbidities can be divided into cardiovascular 
(CV) and non-CV.

Previous studies on outpatients with CHF showed that 
the highest prevalence among the non-CV comorbidities 
refers to iron deficiency (prevalence of 53%–65%), renal 
failure (prevalence of up to 55%), anemia (prevalence of up 
to 37%), diabetes mellitus (prevalence of between 23% and 

47%), depression (prevalence of up to 61%), and chronic 
lung disease (prevalence of up to 63%) [1, 3, 4]. 

With the aging of the population, there is an increase in 
non-CV comorbidities affecting CHF patients [5]. In elderly 
patients with HF, the coexistence of non-CV comorbidities 
can exacerbate symptoms and signs of HF. This can hinder 
the diagnosis of HF and delay the prescription of appro-
priate therapies. 

Among non-CV comorbidities, chronic obstructive 
pulmonary disease (COPD), diabetes mellitus, anemia, and 
obesity are more prevalent in HF with preserved ejection 
fraction (HFpEF) patients [6]. This underlines the possible 
role of non-CV comorbidities in the progression of HF in 
HFpEF and the importance of managing these comorbid-
ities in HFpEF in order to slow HF progression and reduce 
rehospitalization rate and mortality.

Non-CV comorbidities are independent prognostic 
factors in HF populations regardless of EF and HF etiology 
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(ischemic vs. non-ischemic). Furthermore, the evaluation 
of the severity of these non-CV comorbidities could 
significantly worsen the prognosis in non-selected HF 
populations [7]. 

Among non-CV comorbidities, chronic renal failure, 
anemia and diabetes are the comorbidities most frequently 
associated with hospitalizations [8, 9].

In this review, we report an update on the non-CV 
comorbidities in patients with HF emphasizing the impact 
on the prognosis of HF patients.

METHODS
A focused literature search was performed on PubMed 
until November 2020, in order to identify relevant original 
research and review articles by using the following key 
words, alone or in combination: heart failure, chronic 
obstructive pulmonary disease, cancer, chronic kidney 
disease, obstructive and central sleep apnea, diabetes, hy-
pothyroidism and hyperthyroidism, hyperuricemia, vitamin 
D deficiency, anabolic hormones, iron deficiency, depres-
sion, cognitive impairment. Only articles in English were 
selected for this review, focusing on the most consistent, 
recent, and relevant trials and original papers, preferentially 
involving humans. Titles and abstracts from these searches 
were reviewed, full-text articles were obtained for relevant 
manuscripts, and reference lists were reviewed to identify 
additional manuscripts appropriate for the review.

CANCER AND HEART FAILURE 
In the last few years, along with population aging, an 
important increase in the prevalence of cancer and HF 
has been reported [10]. Patients affected by HF show an 
increased risk of cancer (patients affected by HF carry a 68% 
higher risk of cancer diagnosis) and their prognosis is worse 
compared with cancer patients without HF [11]. Both these 
conditions may affect quality of life and, above all, progno-
sis. To date, most of the attention has been focused on the 
investigation of potential CV side effects of different anti-
neoplastic regimens, including chemo-, radio- or immuno- 
-therapy that may lead to the development of HF [12]. 
Indeed, antineoplastic drugs might induce left ventricular 
(LV) systolic dysfunction (as a reduction of left ventricular 
ejection fraction [LVEF] by more than 10 percentage points 
or a reduction under 50%) in up to 50% of patients [13]. 
However, besides chemotherapy-induced cardiotoxicity, 
we have to take into account other possible bidirectional 
interactions between HF and neoplastic diseases.

Recently, some authors speculated that HF per se may 
be a risk factor for developing tumors [14]. For example, 
recently diagnosed cancer patients may already have a his-
tory of LV dysfunction or HF, and this overlap of pathologies 
could make treatment of cancer patients and HF patients 
difficult. Patients affected by HF have a higher incidence 
of cancer compared to the general population [15]. Also, 
patients affected by HF and cancer have a poorer prognosis 

[16]. Even though the same risk factors (such as hyperten-
sion, obesity, diabetes and tobacco smoking) may be found 
in HF and in cancer patients; this similarity only in part can 
justify the close association between these conditions, such 
as hypertension, obesity, diabetes, and tobacco smoking 
[17]. In the last few years, some common molecular and 
pathophysiological mechanisms have been demonstrated 
among cancer patients and HF. 

SLEEP-DISORDERED BREATHING 
Sleep-related breathing (SBD) disorders are often present in 
patients affected by the high prevalence of SDB (47%–81%) 
[18] in HF with reduced ejection fraction (HFrEF) patients 
(obstructive sleep apnea [OSA] 29% and central sleep 
apnea [CSA] 31%) and in HFpEF (40% had OSA and 29% 
CSA) and are associated with poor prognosis. In particu-
lar, the apnea–hypopnea index (AHI; i.e., the number of  
apneas and hypopneas per hour of recording) is a powerful 
independent predictor of adverse outcome in clinically 
stable CHF [19]. OSA and CSA are related to the increased 
readmission in CHF [20, 21]. An increased risk of death was 
observed in patients affected by HFrEF with untreated OSA, 
independently of confounding factors [22]. 

Cheyne stokes respiration (CSR) is an abnormal pattern 
of breathing characterized by numerous central apneas al-
ternating with hyperventilation. It is associated with a poor 
prognosis in patients with HF. Recently, in HFrEF patients, 
optimization of HF therapy with sacubitril/valsartan has 
affected phenotypic traits of CSR indicating improvements 
of hemodynamic parameters and chemosensitivity [23].

In HFrEF patients with predominantly CSA, enrolled in 
the SERVE-HF (Treatment of Sleep-Disordered Breathing 
with Predominant Central Sleep Apnea by Adaptive Ser-
vo-Ventilation in Patients with Heart Failure) trial [24], CV 
and all-cause mortality were more present in the auto-servo- 
-ventilation subgroup [25]. Following these results in the 
last European Society of Cardiology (ESC) HF guidelines [1], 
adaptive servo-ventilation (ASV) is not recommended in 
HFrEF (Class of recommendation: III and Level of evidence: 
B). Results by a SERVE-HF substudy analysis showed that 
patients with HFrEF and CSA who experienced serious 
adverse events had longer CSR cycle length.

In hospitalized HF patients with moderate-to-severe 
sleep apnea, adding ASV to optimal medical therapy 
did not improve cardiovascular prognosis [26]. These 
results need further confirmatory data from ongoing 
studies. Among these ongoing studies, the retrospective 
FACE study was designed to evaluate the possible effect of 
adding ASV to standard care on morbidity and mortality in 
patients with different forms of HF distinguished according 
to the value of EF (HFpEF, mid-range, or HFrEF) who have 
SDB with an indication for ASV [27].

Phrenic nerve stimulation may be a promising 
treatment [28]. In our opinion, all HF patients should be 
screened for SDB.
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CHRONIC OBSTRUCTIVE PULMONARY 
DISEASE

Chronic obstructive pulmonary disease, a chronic inflam-
matory lung disease characterized by airflow limitation, is 
among the most common comorbidities in HF. The preva-
lence is similar within HFrEF and HFpEF (16% vs 14%) and 
ranges from 9% to 41% in European cohorts [29]. 

On the other hand, the prevalence of HF in COPD 
patients is high (from 20% to 70%) and often it is under- 
-diagnosed and under-treated, with obvious prognostic 
implications [30]. COPD patients have a higher rate of hos-
pitalization and death, coronary heart disease, stroke and 
CHF have been reported [31] as the most frequent causes.

Heart failure patients with COPD were older and 
presented with more comorbidities and lower exercise 
capacity [32]. The coexistence of COPD with HF is related 
to increased morbidity and mortality risk in both CHF [33] 
and acute HF (AHF) [34]. 

Issues regarding potential bronchoconstriction are 
the main reasons for the underutilization of β-blockers in 
these patients particularly after hospitalization for AHF or 
decompensation of HF [35]. HF guidelines stated that COPD 
“is not a contra-indication” to β-blocker therapy [1]. The 
benefits of the cardio-selective β-blockers in HF overcome 
any potential risk derived from the β-blocker use also in the 
case of patients with severe COPD [36]. 

Lung hyperinflation may play a pivotal role regarding 
cardiac chamber dimensions and cardiac dysfunction in 
patients affected by COPD. Hyperinflation (inspiratory 
capacity-to-total lung capacity ratio [IC/TLC], functional 
residual capacity, and residual volume) demonstrated 
stronger relation to cardiac dimensions than airway ob-
struction or diffusion capacity. IC/TLC correlated better 
with cardiac dimensions and was an independent predictor 
of cardiac dimensions [37]. The cardiac chambers dimen-
sions decreased with increasing GOLD (Global Initiative 
for Obstructive Lung Disease) stage. There is an ongoing 
debate with conflicting results for the CV safety of drugs 
for COPD. Inhaled therapy with bronchodilators is the 
cornerstone of the COPD therapy. Bronchodilators include 
the long-acting β2-agonists (LABA), long-acting muscarinic 
antagonist (LAMA), or a combination of LABA-LAMA. Bron-
chodilators reduce hyperinflation and improve breathless-
ness and cardiac output. Bronchodilators may prevent 
acute exacerbations of COPD, thus reducing the risk of CV 
events. Tiotropium, a LAMA, improves hyperinflation, CV 
responses to exercise in COPD patients [38], LV diastolic 
function in COPD patients [39] and it has been associated 
with decreased mortality (CV and no-CV) [40]. LV and right 
ventricular end-diastolic volume increase and LV and right 
ventricular stroke volume increase have been reported as 
effects of LABA-LAMA in COPD [41]. 

Lung-deflating medications (fluticasone furoate/vilan-
terol [ICS-LABA]) were proven to increase LV, right ventricle, 
and left atrium volumes [42]. Stone et al. [43] showed that 
right ventricular function remained unchanged.

Fluticasone/vilanterol/umeclidinium (ICS-LABA-LAMA) 
reduce all-cause mortality with lower rates of CV deaths 
[44]. Roflumilast, administered orally, indicated for frequent 
exacerbations of COPD, was related to the lower rate of CV 
events [45]. 

In our opinion, all HF patients should be screened for 
COPD, performing spirometry, a simple, cost-effective, 
non-invasive exam. Advances in COPD treatment could 
lead to a reduction of the readmissions in HF.

GLUCOSE METABOLISM DISORDERS 
Diabetes mellitus (DM) is commonly reported in patients 
affected by HF and a strict bidirectional interaction exists 
between these two conditions. DM has a prevalence in HF 
that varies from 10% to 30% in outpatients and rises up to 
40% in hospitalized patients with HF [46]. A state of insu-
lin resistance, even in absence of overt DM, is frequently 
reported in HF, with a prevalence of about 70% [47]. On 
the other hand, LV dysfunction is a common finding in 
diabetic patients. Patients with DM are 2–5 times more 
likely to develop HF compared to the general population. 
In the Framingham Heart Study [48], HF was twice more 
common in men and 5 times more common in women with 
DM aged 45–74 years compared with similar non-diabetic 
controls. Older age, longer duration of DM, insulin therapy, 
and lower body mass index were identified as independent 
risk factors for the development of HF in DM patients.

In particular, diabetic patients may present with two 
different types of heart dysfunction. The first is a typical 
myocardial dysfunction secondary to coronary artery 
disease. The second is diabetic cardiomyopathy, a typical 
complication of DM, characterized by cardiac dysfunction 
that can be easily and simply assessed by echocardiogra-
phy, and was reported for the first time in 1972 by Rubler et 
al. [49], describing post-mortem data of diabetic patients. In 
the last ESC Position Statement on the management of DM 
and HF [49], diabetic cardiomyopathy was defined as cardi-
ac dysfunction occurring in diabetic patients in absence of 
coronary artery disease, relevant valvular heart disease, un-
controlled hypertension, or congenital heart disease. Two 
stages can be distinguished in diabetic cardiomyopathy: 
an early stage characterized by LV concentric hypertro-
phy increased filling pressures, and diastolic dysfunction, 
and a late stage characterized by progression of diastolic 
dysfunction, and systolic impairment. However, Seferovic 
et al. [49] recently proposed two different phenotypes of 
diabetic cardiomyopathy (a restrictive/HFpEF phenotype 
and a dilated/HFrEF phenotype) rather than two stages 
that belong to the same disease.

The pathophysiology of diabetic cardiomyopathy is 
still not clear and many hypotheses have been proposed. 
The main mechanisms are endothelial and microvascular 
dysfunction, excessive neurohormonal response, change 
in cardiac metabolism, accompanied by mitochondrial 
dysfunction, dysfunctional endoplasmic reticulum, and 
impaired calcium handling, all probably contributing to the 
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manifestation of diabetic cardiomyopathy and represent-
ing in the next future potential new therapeutic targets.

With regards to the long-term prognostic impact of 
the coexistence of DM and HF, the ESC-HFA Registry [50] 
reported a higher cumulative incidence (all-cause death, 
CV death, and hospitalization for worsening HF) in HF 
outpatients with DM compared to non-diabetics even 
after adjustment for multiple risk factors. These data were 
confirmed by a recent meta-analysis including 381 725 pa-
tients with AHF and CHF [51]. The authors reported that the 
coexistence of DM and HF is related to a 30% increased risk 
of all-cause death, and a 35% increased risk of CV death 
and hospitalization during a 3-year follow-up. Looking at 
the parameters used in the multiparametric prognostic 
scores more frequently used in HF (Seattle Heart failure 
Model, MECKI score, HF-ACTION risk score) diabetes does 
not appear a determinant prognosticator. Moreover, in an 
analysis of the MECKI score database, that evaluated nearly 
4000 HFrEF patients, a worse prognosis was demonstrated 
in diabetic patients with poor glycemic control (HbA1c >8%), 
instead the presence of diabetic status and hypoglycemic 
drugs were not associated with prognosis after correction 
for various confounders [52]. Thus, probably, the popula-
tion of diabetic patients cannot be considered as a unique 
entity, but it will be necessary to assess specific parameters, 
as glycemic control or drugs response, in order to appro-
priately evaluate every patient.

As for the treatment of HF in diabetic patients, the ma-
jority of the beneficial effects of HF treatments, reported 
in randomized controlled trials, are consistent with and 
without DM at baseline, thus the recommendations for the 
treatment of HF in the setting of DM are the same as in the 
general HF population.

Conversely, regarding the therapeutic approach to DM 
in HF patients, European guidelines [53] suggest the use 
of gliflozins as first choice, or as second choice in patients 
already taking metformin, starting from the excellent prog-
nostic results of SGLT2-inhibitors in terms of prevention 
of HF-related events. Moreover, after the positive results 
in terms of CV protection derived by gliflozins, a busy 
trials schedule started to assess the benefit of gliflozins 
in patients affected by HF regardless of the presence of 
DM. The first study was the DAPA-HF trial [54], assessing 
the efficacy of dapagliflozin vs placebo in 4744 HFrEF 
patients on a primary composite outcome of worsening 
HF (hospitalization or an urgent visit resulting in intrave-
nous therapy) or CV death. In a follow-up of 18.2 months, 
and on top of HF therapy, the primary endpoint occurred 
in 386 (16.3%) dapagliflozin subjects and in 502 (21.2%) 
placebo patients with a relevant relative risk reduction 
of 26% and a number needed to treat of 21, and a 30% 
reduction of HF hospitalization with an 18% reduction in 
CV mortality. The recently published EMPEROR-Reduced 
[55] trial similarly assessed the effect of empagliflozin vs 
placebo in 3730 HFrEF subjects on a primary composite 
outcome of HF hospitalizations or CV death. During 

a follow-up of 16 months, in a sicker population, the trial 
reported an important reduction in the primary outcome 
(–25%)  regardless of the presence or absence of diabetes, 
and confirmed a 30% reduction in HF hospitalizations, 
without a significant effect on CV death. International med-
ical regulatory agencies approved the use of dapagliflozin 
for HFrEF patients regardless of the presence of DM. Thus 
gliflozins will be used as HF-specific drugs.

OTHER ENDOCRINE DISORDERS
Both HFpEF and HFrEF may coexist with other systemic 
conditions or even develop as possible consequences of 
such diseases. In particular, some endocrine disorders may 
have CV manifestations or may worsen a pre-existing HF. 

Thyroid disease and HF
Besides their role in energetic homeostasis, thyroid hor-
mones have a relevant impact on cardiac activity by acting 
on the cardiovascular system. 

Hyperthyroidism, with excessive production of thyroid 
hormones leading to a hypermetabolic state and hemody-
namic changes, is characterized by high cardiac output. HF 
with high cardiac output without heart disease could be 
secondary to the following factors: tachycardia, increased 
cardiac preload, decreased systemic vascular resistance, 
high ventricular filling pressure, raised pulmonary arterial 
pressure [56]. Furthermore, HF with low cardiac output in 
elderly patients with heart disease could be secondary to the 
following factors: increased cardiac preload, impaired LV fill-
ing, presence of atrial fibrillation, rapid ventricular rate, raised 
systemic vascular resistance, reduced contractile reserve.

Hypothyroidism is characterized by insufficient pro-
duction of thyroid hormones. In this case, HF in patients 
with overt hypothyroidism or elderly patients with subclin-
ical hypothyroidism could be secondary to the following 
factors: bradycardia, impairment of cardiac function (and 
systolic function and diastolic function), raised systemic 
vascular resistances, and arterial stiffness.

Both hyperthyroidism and hypothyroidism may af-
fect patients with HFrEF. In particular, hyperthyroidism, 
especially in the acute setting, is a common trigger of 
exacerbation or acute decompensation of HF [57]. Al-
though little is known on thyroid dysfunction in HFpEF, 
hypothyroidism is believed to be a negative prognostic 
factor in HFpEF [58].

Indeed, fT3, fT4, and TSH should be monitored every 
6–12 months in patients affected by HF (every 3 months in 
patients treated with amiodarone). Hyperthyroidism and 
hypothyroidism are frequent complications of amiodarone 
use [59]. Two fundamental mechanisms are known as the 
cause of amiodarone-induced hyperthyroidism: increased 
synthesis of thyroid hormone due to iodide load (type 1), or 
destructive thyroiditis (type 2) [60]. Amiodarone-induced 
hypothyroidism is linked to the reduction in thyroid hor-
mone secondary to intake of a large amount of iodine, and 
it is treated with T4.
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Finally, euthyroid sick syndrome, known as “low-T3 syn-
drome” is another thyroid disorder often associated with 
HF. This condition is described by the presence of low 
T3 circulating levels. It was reported in patients with acute 
or chronic illness and can be induced by weight loss due 
to chronic caloric restriction. Patients with HF frequently 
present with low serum T3 levels, and this condition may 
negatively affect functional status and prognosis [61]. In 
particular, it is a strong predictor of death. The effect of 
T3 supplementation in HF patients with low T3 syndrome 
is not known.

Hyperuricemia
Hyperuricemia is a common metabolic alteration in both 
HFrEF and HFpEF and is both a comorbidity and a “bio-
marker”. It could be secondary to the upregulation of the 
xanthine oxidase [62]. It is associated with a significant 
clinical impact on prognosis. Hyperuricemia independently 
predicted the risk of incident CHF events [63]. Hyperurice-
mia has a relevant association with poor outcomes in HF 
patients without chronic kidney disease (CKD) but not in 
those with CKD [64].

Despite concerns over febuxostat safety, the CARES [65] 
and FAST [66] trials  showed its non-inferiority vs allopurinol 
regarding CV events and its use in patients with gout and 
at least one additional CV risk factor is not related to an 
increased risk of death compared with allopurinol. 

The possible beneficial effects of xanthine oxidase 
inhibitors (allopurinol or febuxostat) on clinical outcome 
in HF are still unclear. Allopurinol did not improve the 
clinical status, exercise capacity, quality of life, or LVEF at 
24 weeks in patients affected by HFrEF with elevated uric 
acid levels [67]. Instead, whether febuxostat compared to 
conventional treatment improves the clinical outcomes 
in CHF with hyperuricemia is being investigated by the 
LEAF-CHF trial [68].

Vitamin D deficiency 
As demonstrated by cross-sectional and case-control stud-
ies, both vitamin D deficiency and increase in parathyroid 
hormone are related to increased prevalence of HF [69]. 
Furthermore, vitamin D deficiency can influence the onset 
and/or progression of HF and LV dysfunction. Indeed, vita-
min D deficiency is related to more adverse prognosis in HF 
patients [70]. Until today there is no evidence for the impact 
of vitamin D supplementation on outcome improvement 
in HF patients [71, 72].

Anabolic hormones
Acromegalia is a disease characterized by increased and 
disproportionate production of growth hormone (GH) 
and, consequently, insulin-like growth factor-1 (IGF-1) and 
caused mostly by a GH-secreting pituitary adenoma [73]. It 
is frequently associated with CV manifestations including 
arterial hypertension, and congestive HF may represent 
a late manifestation of a typical cardiomyopathy charac-

terized by biventricular hypertrophy, mainly involving the 
LV [74].

Some case reports bring evidence on the association 
between dilated cardiomyopathy and acromegalia [75]. On 
the other hand, a reduction of anabolic hormones, includ-
ing GH and IGF-1, is common in chronic HFrEF and HFpEF 
and it is related to impaired functional capacity and clin-
ical outcome [76]. Whether treatment of GH deficit could 
improve clinical outcome is still a matter of debate [77]. 

CHRONIC KIDNEY DISEASE 
The heart and kidneys are strictly related. The dysfunction 
of one of these organs leads to poor prognosis through 
diverse mechanisms such as inflammation, oxidative stress, 
impaired hydro-saline homeostasis and diuretic resistance 
[78]. Renal dysfunction (RD) prevalence in HF ranges from 
30% to 50% of patients [79]. However, the clinical scenario 
of RD in AHF and CHF should be highlighted. In the acute 
setting, both CKD and acute RD should be observed. CKD 
(defined as estimated glomerular filtration rate [GFR] 
<60 ml/min/m2) in AHF represents a detrimental condition, 
related to poor prognosis [80]. Congestion is the essential 
hemodynamic determinant of renal function in HF [80–82]. 
Acute renal dysfunction in AHF recognizes different defini-
tions according to cardiologists’ and nephrologists’ points of 
view. Indeed, Acute Kidney Injury Network criteria defined 
acute renal impairment as acute kidney injury according 
to the proportional increase in serum creatinine together 
with urine output reduction. Conversely, cardiologists 
defined renal deterioration as worsening renal function 
(WRF) considering serum creatinine increase ≥0.3 mg/dl 
or eGFR increase ≥20% or 25% with respect to baseline 
levels [83]. The differences regarding these definitions do 
not help physicians in renal impairment detection and 
management. The latest findings from HF studies suggest 
evaluating WRF in a specific clinical setting. For example, 
WRF due to aggressive diuretic therapy with effective 
decongestion seems to be related to a better prognosis 
than renal function in-hospital improvement with clinical 
congestion persistence. Due to these different conditions, 
WRF was classified as “true” and “pseudo” according to 
clinical deterioration and improvement, respectively [83]. 
The pathophysiological view of acute RD in AHF consists of 
two main mechanisms: hemodynamic derangement and 
neuro-hormonal overdrive. Reduced renal blood flow due 
to systolic and/or diastolic dysfunction and concomitant 
renal venous congestion represent the main actors of 
hemodynamic impairment. Reduced renal perfusion due 
to hemodynamic derangement contributes to increased 
sympathetic activity, renin–angiotensin–aldosterone sys-
tem activation, and arginine–vasopressin release. These 
mechanisms contribute to aggravate the clinical status 
and prognosis of HF patients through vasoconstriction and 
water retention [79]. It appears mandatory to insert renal 
function evaluation in the clinical setting of HF patients, 
because of the benefits induced by decongestive thera-
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pies. Conversely, patients with pre-existing CKD or chronic 
congestion develop “true” WRF with a worse outcome 
despite decongestive therapies [79]. 

Both CKD and sudden RD should be monitored in CHF 
patients. The decrease in cardiac output and thus renal 
blood flow is the main pathophysiological mechanisms 
involved. This condition is not sustained by the kidneys 
due to HF medication. Moreover, subclinical congestion, 
due to water and sodium retention leads to worse clinical 
condition and renal function [79]. All these alterations 
of the cardio-renal axis in a chronic setting contribute 
to worse the prognosis causing frequent hospitalization 
and mortality.

In conclusion, both CKD and WRF in acute and CHF are 
related to poor prognosis [84]. A specific approach should 
be considered due to the different clinical meanings of RD 
in different clinical settings of HF patients.  

IRON DEFICIENCY IN HEART FAILURE
Anemia is a very common comorbidity in subjects affect-
ed by HFrEF and HFpEF [4]. It is justified in HF patients by 
nutritional deficiencies, loss of blood through the gastro-
intestinal system, reduced iron absorption, and reduced 
release of stored iron. It is an independent predictor of 
recurrent hospitalizations and it may negatively affect 
reduced exercise capacity and the quality of life. After 
the RED-HF trial [85] results (increasing hemoglobin to 
12–13 g/dl with erythropoietin does not improve outcomes 
in HF patients with anemia) the focus has been shifted to 
the role of iron deficiency.

Iron deficiency (ID), frequent in patients with HF, is 
characterized by insufficient iron stores to meet the body 
requirements. There are different forms of ID: absolute and 
functional ID, both with or without anemia. In absolute ID, 
ferritin levels are <100 µg/ml. In functional ID, typical in 
chronic inflammatory diseases and CKD, ferritin is normal 
with a transferrin saturation <20%. This condition may 
increase hemodynamic instability, re-hospitalization, and 
mortality rates in patients with HF [86].

The results of the IRON-HF [87] and IRONOUT-HF [88] 
trials have demonstrated that oral iron supplementation 
is unsuccessful.

Ferric carboxymaltose (FCM) intravenous (IV) treat-
ment seems to  improve both ID and symptoms in HF 
patients. The FAIR-HF trial results demonstrated an 
improvement of functional class and a decreased impair-
ment of renal function after 24 weeks of treatment with 
FCM [89]. The CONFIRM-HF trial [90] showed an exercise 
capacity improvement and a relevant decrease in the 
hospitalization rate after 12 months of FCM therapy in HF 
patients with ID and normal hemoglobin levels. Recently, 
Ponikowski et al. [91] demonstrated that FCM therapy was 
safe and able to decrease the risk of HF hospitalizations, 
without apparent effect on the risk of cardiovascular death, 
in stabilized patients after AHF with ID and LVEF <50%. 
Data from a substudy of the Myocardial-IRON trial [92] 

in patients with HFrEF with ID, showed FCM was related 
to short-term improvement in LVEF and right ventricular 
ejection fraction.

According to the latest ESC HF guidelines recommen-
dations [1], all newly diagnosed HF patients should be 
routinely tested for ID and FCM IV the administration should 
be considered in HF patients (if serum ferritin <100 μg/l, 
or if ferritin between 100 and 299 μg/l and transferrin 
saturation <20%) in order to improve HF symptoms, and 
increase exercise capacity and the quality of life (Class 
recommendations: IIa, Level of evidence: A).

The ongoing FAIR-HF 2 trial (ClinicalTrials.gov Identifier: 
NCT03036462) was designed in order to further evaluate 
the possible benefit of IV iron in HF patients with ID. The 
IRON-CRT trial [93] will determine the effect of FCM on 
cardiac reverse remodeling and cardiac contractility in 
HFrEF patients. Furthermore, an ongoing FAIR-HFpEF 
trial (ClinicalTrials.gov Identifier: NCT03074591) will verify 
any benefits of IV iron in relation to survival in HFpEF pa-
tients. These results may suggest that ID could be a new 
therapeutic target for HF therapy.

DEPRESSION 
Depression (also called major depressive disorder) is 
a mental disorder characterized by a persistent feeling 
of sadness and loss of interest. It may lead to different 
emotional problems. It is a common comorbidity in HF, 
above all in CHF and advanced HF. The prevalence rates 
are similar in studies of HFrEF and HFpEF (24% vs 25%) 
[94]. Depression is associated with poor prognosis (and 
all-cause mortality and rehospitalization) in both HFrEF 
and HFpEF [95]. Pharmacological therapy for depression 
in HF has not affected the prognosis [96]. Tricyclic antide-
pressants should be avoided because they might lead to 
significant hypotension, arrhythmias, and decompensation 
of HF [1]. The association between antidepressants and HF 
prognoses remains controversial. Recently, a meta-analysis 
demonstrated that patients with HF and depression taking 
antidepressants had increased risks of all-cause death and 
CV death. Compared with nonusers, the use of selective 
serotonin reuptake inhibitors, tricyclics, and selective 
serotonin reuptake inhibitors significantly increased the 
rate of all-cause death [97]. Instead, the combination of 
cognitive behavioral therapy with a selective serotonin 
reuptake inhibitors was reported as the best management 
of depression in HF patients in a position paper from the 
Study Group on Heart and Brain Interaction of the Heart 
Failure Association [98].

Recently, a reduction in depressive symptomatology 
in heart transplant waiting list patients treated with sacu-
bitril/valsartan was demonstrated [99].

In HFpEF patients enrolled in the TOPCAT (Aldoster-
one Antagonist Therapy for Adults With Heart Failure 
and Preserved Systolic Function) trial, randomization to 
spironolactone was related to a mild decrease in depressive 
symptoms [100].

https://clinicaltrials.gov/show/NCT03074591
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Table 1. Key results of the studies about non-cardiovascular comorbidities in heart failure patients differentiating between acute heart failu-
re and chronic heart failure and between heart failure with preserved ejection fraction and heart failure with reduced ejection fraction

Non-CV comorbidities AHF CHF HFpEF HFrEF

Cancer Prevalence: The prevalence of 2 chronic diseases like cancer and HF usually increases with age.
Prognosis: The presence of cancer obviously worsens the prognosis of HF patients, while CV diseases are the first non-cancer 

cause of death in cancer patients 

Obstructive sleep apnea Prevalence 
prognosis

61%
HR: 1.53 (time to 

death) 

54% 
OR: 2.38 (increased risk 

readmission) 

39.8%
AHI ≥20/h 

5 <AHI <20/h poor 
prognosis 

29%

Central sleep apnea Prevalence
prognosis

21% 
HR: 1.61 (time to 

death)

27%
AHI ≥30/h Poor prognosis 

29.5%
AHI ≥20/h 5< AHI 

<20/h poor prognosis

31% 
Rate ratio: 1.53 (car-

diac readmission) 

Chronic obstructive 
pulmonary disease

Prevalence
prognosis

19.3%
OR: 1.65 (in-hospital 

non-CV mortality) 

15%
HR: 1.37 (all-cause death) 

14% 
HR: 1.6 (all-cause 

death)

16% 
HR: 1.25 (all-cause 

death) 

Diabetes mellitus Prevalence
prognosis

39.1% 
HR: 1.77 (in-hospital 

mortality)
HR: 1.16 (all-cause 

mortality)
HR: 1.32 (re-hospita-

lization)

31.4%
HR: 1.74 (all-cause death) 

29.3%
HR: 0,85 (all-cause 

death) 

32.3%
HR: 1.25 (all-cause 

death) 

Hypothyroidism Prevalence
prognosis

7% (reported as thyro-
id disease)

9%
HR: 1.31 (all-cause death)
HR: 1.46 (HF hospitaliza-

tion) 

8%
negative prognostic 

factor

10%
HR: 1.58 (mortality)

Hyperthyroidism Prevalence
prognosis

7% (reported as thyro-
id disease) 

3%
HR: 1.16 (all-cause death)
HR: 1.07 (HF hospitaliza-

tion) 

3% 4%
HR: 1.85 (mortality)

Vitamin D deficiency Prevalence
prognosis

20< vitamin D <29 ng/ 
/ml 2.4%

vitamin D <20 ng/ml
3.2%

HR:1,52 (mortality)

HR: 1.55 (mortality)
HR: 1.74 (CV hospita-

lization) 

HR: 1.09 (death or HF 
hospitalization)

HR: 1.10 (all-cause 
mortality) 

Hyperuricemia Prevalence
prognosis

43% in HFrEF
57% in HFpEF

HR: 1.48 in HFrEF 
HR: 2.38 in HFpEF

(death or HF hospital)

39% in HFrEF
19.5% in HFpEF 

HR: 1.37 (all-cause death) 

19.5%
HR:1.98 (all-cause 

death)

39%
HR: 1.35 (mortality) 

Anabolic hormones 
depletion (focus on total 
testosterone and growth 
hormone deficiency)

Prevalence
prognosis

— GHD 30%
Higher all-cause mortality

Total testosterone HR: 0.929 
(all-cause mortality) 

45% of patients with 
2 or more signs of 

hormone deficiency

Deficiencies in DHEAS, 
total testosterone, free 
testosterone, and IGF-

1 (defined as serum 
levels at or below the 

10th percentile)

Chronic kidney disease Prevalence
prognosis

26.3%
OR: 2.34 (all-cause 

death)

41% 
HR: 1.5 (all-cause death)
HR: 1.59 (HF hospitaliza-

tion) 

39%
HR: 1.39 (mortality)

41%
HR: 1.49 (mortality)

Iron deficiency Prevalence
prognosis

69%–75% 
(absolute ID)

HR: 1.72 (higher risk of 
readmission) 

42.5%
HR: 1.42 (mortality) 

58.4% 
(non-impact on death 

or hospitalization) 

52.2%–65.1% 
HR: 0.043 (all-cause 

death)
HR: 1.58 (death) 

Depression Prevalence
prognosis

6.4%–12.3% 
HR: 1.43 (CV readmis-

sion and death) 

21.5%
OR: 2.23 (mortality at 

1-year) 

25% 
HR: 1.05 (CV hospita-

lization) 

24% 
HR: 1.56 (death/CV 

hospitalization) 

Abbreviations: AHF, acute heart failure; AHI, apnea–hypopnea index; CHF, chronic heart failure; CV, cardiovascular; DHEAS, dehydroepiandrosterone sulfate; GHD, growth hor-
mone deficiency; HF, heart failure; HFpEF, heart failure with preserved ejection fraction, HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; ID, iron deficiency; 
IGF-1, insulin-like growth factor-1; OR, odds ratio

According to the ESC HF guidelines recommendations 
[1], psychosocial intervention, behavior cognitive therapy 
and exercise training (low- to moderate-intensity aerobic 
training) might be helpful in patients with HFrEF and 
depression. 

Table 1 summarizes the principal results of studies 
about non-CV comorbidities in HF patients about preva-
lence and prognosis of the comorbidities, differentiating 
between AHF and CHF and between HFpEF and HFrEF.

CONCLUSIONS 
Comorbidities are very common in HF patients (HFrEF 

and HFpEF), with differences secondary to type of HF and 
sex. Non-CV comorbidities confer a relevant contribution 
to outcomes and in HFrEF and HFpEF. Recent data, derived 
by new trials, seem to suggest some comorbidities as new 
pharmacological targets in HF. The comprehensive man-
agement of patients affected by HF should include the 
management of comorbidities, with focus on to anemia and 
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iron deficiency, mental and behavioral disorders, diabetes 
mellitus, and respiratory diseases. The right treatment of 
these comorbidities may positively affect prognosis, hos-
pitalization, and the health-related quality of life.
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A bstract     
The sodium-glucose cotransporter 2 inhibitors (SGLT2i), empagliflozin, dapagliflozin, and canagliflozin, 
have shown impressive beneficial effects in patients with type 2 diabetes mellitus in mandatory cardio-
vascular outcome trials. Retrospective data analysis revealed signals that pointed towards positive effects 
independent of the antidiabetic effects. This could be confirmed for empagliflozin and dapagliflozin in 
chronic heart failure with reduced ejection fraction alone, where rates of hospitalization for heart failure 
and cumulative major adverse cardiovascular events were reduced to a similar extent in patients with 
and without diabetes mellitus as in corresponding outcome trials. Cardiac remodeling following myo-
cardial infarction leads to heart failure with reduced ejection fraction in many patients and aggravates 
morbidity and mortality. Clinical data of SGLT2i treatment after acute myocardial infarction is sparse. 
This review focuses on available experimental data on the effects of SGLT2i used before, during, and 
after myocardial infarction as well as already published and currently ongoing clinical trials.
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INTRODUCTION
Diabetes mellitus is a risk factor and aggravates other 
potential risk factors of the cardiovascular system, such as 
arterial hypertension [1] or smoking [2], and is associated 
with increased levels of blood lipids, and obesity [3]. These 
conditions pave the way towards coronary artery disease 
(CAD), which indeed represents a common disease in 
diabetic patients [4]. CAD often triggers heart failure (HF) 
via myocardial infarction (MI) and ischemia/reperfusion 
damages that induce acute and/or chronic maladaptive 
remodeling processes. CAD and HF represent the two 
most important causes of cardiovascular morbidity and 
mortality. Therefore, the central therapeutic aim in CAD 
is the prevention of MI in patients at atherosclerotic risk, 
and reducing the burden of HF in patients after MI. At-
tention has been caught recently by 3 clinical trials that 
proved impressive beneficial effects of sodium-glucose 
cotransporter 2 inhibitors (SGLT2i) on HF hospitalization 
in diabetic patients with either established atherosclerotic 
cardiovascular diseases or multiple risk factors — namely 

the EMPA-REG OUTCOMES trial for empagliflozin [5], the 
CANVAS program for canagliflozin [6], and the DECLARE 
TIMI-58 trial for dapagliflozin [7]. More than 50% of the 
patients included in these 3 trials had CAD, and relevant 
subgroups had experienced previous MI, as shown in Ta-
ble 1. A meta-analysis of these 3 outcome trials revealed 
an 11% reduction of major adverse cardiovascular events 
defined as MI, stroke, and cardiovascular death mainly 
driven by a strong effect in patients with established ath-
erosclerotic cardiovascular disease. In detail, this analysis 
showed an overall reduction of MI by 11% in all patients 
and by 15% in those with previous atherosclerotic cardi-

Table 1. The number of patients with myocardial infarction (MI) 
and/or coronary artery disease (CAD) within each trial

Previous MI CAD 

EMPA-REG-OUTCOME [5] 3273 (46.6) 5308 (75.6)

DECLARE-TIMI [7] 3584 (20.9) 5658 (32.9)

CANVAS [6} Not reported 5721 (56.4)
Data are presented as number (percentage)
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ovascular disease [8]. This data is confirmed by a broader 
and earlier meta-analysis of 71 trials including more than 
47 000 diabetic patients treated with all available SGLT2i 
that demonstrated a reduction of MI by 23% after SGLT2i 
treatment [9]. A recent comparative cohort study on  
newly initiated therapy with SGLT2i or dipeptidyl-peptidase 
4 inhibitors in diabetic patients also revealed significantly 
reduced rates of MI in those initiating SGLT2i, in this analysis 
with the strongest effects observed in patients without pre-
viously known cardiovascular disease [10]. Similar results 
were derived from a huge retrospective analysis comparing 
newly initiated SGLT2i matched with any other newly initi-
ated oral antidiabetic drug in over 470 000 diabetic patients 
[11]. Comparable effect sizes can also be observed with 
some glucagon-like peptide 1 receptor agonists [12–14] 
and — to a smaller degree and retrospectively analyzed 
— with metformin [15]. Therefore, SGLT2i, metformin, 
and glucagon-like peptide 1 receptor agonists should be 
considered in all patients with increased risk of MI.

Based on the available convincing data and given the 
fact that some other antidiabetic concepts did not con-
sistently show a reduction in major adverse cardiovascular 
events in diabetic patients [16–18], SGLT2i were soon after 
examined in HF patients irrespective of their diabetes sta-
tus. So far, two landmark trials with SGLT2i in HF have been 
published [19, 20] and SGLT2i are likely to be integrated 
into the treatment algorithm for HF with reduced ejection 
fraction (HFrEF) in diabetic and non-diabetic patients soon. 
Although more than half of the patients in those 2 trials had 
ischemic heart disease as their principal cause of HF, no data 
on MI incidence during the study periods is reported, yet. 
More data in this context might soon also be derived from 
the DAPA-CKD trial [21] leaving the question of whether 
SGLT2i may exert beneficial effects in patients after MI, too.

PATHOPHYSIOLOGY OF MYOCARDIAL 
INFARCTION AND EARLY TREATMENT 

INITIATION
Myocardial damage in MI derives mainly from two different 
causes. Firstly, acute ischemia causes energy depletion 
within the area at risk and irreversible necrotic cell dam-
age within the infarcted area. Secondly, acute MI triggers 
a neurohumoral response mainly driven by an uncontrolled 
upregulation of the renin–angiotensin–aldosterone system 
and activation of the sympathetic nervous system. Both 
processes induce myocardial remodeling that will finally 
affect non-ischemic areas of the heart, too. Therefore, 
therapies improving the acute damage need to be present 
during the index event, whereas therapies interacting with 
the remodeling process might also be efficient if applied 
afterward. As remodeling starts immediately after the 
ischemic event, early initiation of a potentially beneficial 
drug seems to be desirable. Robust evidence exists for all 
drug classes used in HF with reduced ejection fraction 
(HFrEF) that show beneficial effects in post MI treatment, 
and early initiation of these drugs obviously improves 

these beneficial effects. A huge meta-analysis including 
~100  000 patients indicated that 85% of the survival 
benefit with angiotensin-converting-enzyme inhibitors 
after MI was accomplished within the first 7 days after MI 
[22]. Early initiation of β-blocker therapy is recommended 
in the guidelines [23] — even before the intervention of 
the affected coronary vessel — as an anti-anginal and en-
ergy-saving drug [24, 25], but very early therapy needs to 
be limited to patients without increased risk of cardiogenic 
shock that can be triggered or aggravated by the negative 
inotropic and negative chronotropic effects of β-blockers 
as shown in the COMMIT trial [26]. Mineral receptor antag-
onist treatment with eplerenone within 24 hours after MI 
in the setting of ST-segment myocardial infarction (STEMI) 
improved the primary endpoint of the REMINDER trial [27]. 
The same is true for the STEMI-subgroup of the ALBATROSS 
trial that investigated the early use of spironolactone after 
MI [28], while in the non-STEMI subgroup no beneficial 
treatment effect could be observed indicating that larg-
er MI will benefit most from (early) initiation of mineral 
receptor antagonist treatment. Outcome data on early 
angiotensin receptor-neprilysin inhibitor treatment is not 
yet available. However, the PARADISE-MI trial comparing 
sacubitril-valsartan vs ramipril starting within 7 days after 
the index event just completed final visits and data will be 
available soon. So far, hardly any clinical data is available 
on SGLT2i in STEMI patients. Figure 1 summarizes respec-
tive clinical trials for empagliflozin [29] and dapagliflozin 
where first outcome data will be published soon. For other 
SGLT2i, such as canagliflozin, sotagliflozin, ipragliflozin, and 
tofogliflozin, currently, no trials after acute MI are ongoing. 
Yet, more and more experimental data sheds light on the 
potential beneficial effects of SGLT2i after MI.

SGLT2 INHIBITOR TREATMENT BEFORE 
MYOCARDIAL INFARCTION

Various animal models describe attenuated MIs after SGLT2i 
pretreatment. In a study focusing on SGLT2i mediated pro-
tective effects in the setting of ischemia/reperfusion, An-
dreadou et al. [30] used a mice model being fed for 6 weeks 
with empagliflozin before a temporal surgical ligation of 
the left anterior descending coronary artery (LAD) was 
performed for 30 minutes followed by reperfusion period 
of 2 hours. Empagliflozin pretreatment reduced infarct 
size by approximately 50% and left ventricular fractional 
shortening was improved from 41% to 44% compared to 
vehicle-treated control animals post ischemia. Detailed 
biochemical analysis revealed significant activation of 
signal transducer and activator of transcription 3 (STAT3) 
transcription factor expression and phosphorylation in 
the empagliflozin-treated animals while reduced levels 
of myocardial interleukin-6 and inducible nitric oxide 
(NO) synthase expression were measured. Potential other 
candidates of mediating protective effects such as Akt, 
eNos, p44/42 MAPK, or AMPKa phosphorylation were 
not affected by empagliflozin pretreatment. Similar data 
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was observed by Lopez et al. [31] in rats after permanent 
surgical ligation of the LAD. Pretreatment of 25 days with 
empagliflozin reduced the infarct size by 30%–40% in 
non-diabetic and streptozotocin-induced diabetic rats. This 
effect was accompanied by significantly better contractility 
analyzed by left ventricular fractional shortening and left 
ventricular ejection fraction (LVEF). Within this model, sig-
nificantly reduced concentrations of inducible NO synthase 
and superoxide levels were measured, too. The authors 
expanded their analysis towards the cardiac GTP enzyme 
cyclohydrolase 1 (cGCH1) which is rate-limiting and the 
first enzyme in the biosynthesis of the essential cofactor 
of all 3 NO isoforms of tetrahydrobiopterin (BH4). They ob-
served significantly increased concentrations of myocardial 
cGCH1 and BH4 in the empagliflozin pretreated groups. In-
triguingly, blocking this pathway using cGCH1 knockout 
models also abolished effects of empagliflozin treatment 
on BH4 concentrations, cell area, and the NO system in-

cluding superoxide concentrations. In summary, this points 
towards a reduction of oxidative stress in the empaglifloz-
in-treated hearts via this cGCH1-BH4 pathway.

Metabolic changes have been suggested as the under-
lying mechanism for the effects of SGLT2i by Oshima et al. 
[32]. Empagliflozin pretreatment 14 days before permanent 
occlusion of a marginal branch of the LAD resulted in in-
creased myocardial and blood β-ydroxybutyrate (β-OHB) 
levels of diabetic rats as well as metabolomic patterns of 
increased glucose and ketone utilization. Metabolomic 
effects of external β-OHB in SGLT2i naive rats mimicked the 
empagliflozin effects indicating this as a potential mech-
anism of action. Empagliflozin pretreatment significantly 
improved 48-hour survival (40% vs 84%) despite unaltered 
infarct size. Interestingly, MI-induced acute kidney injury 
was also attenuated within the same model by empag-
liflozin pretreatment [33]. The functional protective data 
was also confirmed in a set of experiments by Lim et al. [34] 

2017 2018 2019 2020 2021 2022 2023 2024

2017 2018 2019 2020 2021 2022 2023 2024

Dapafliflozin

Empagliflozin

EMMY-Trial (Phase III)
Number of patiens: 476 patiens
Randomization: with 3 day after MI
Drug: empagliflozin vs placebo
Irrespective of diabetes status
Population: large MI (CK >800 IU/l)
Primary endpoint: NT-proBNP

NCT03591991 (Phase III)
 Number of patiens: 128 patiens
 Randomization: time point of PCI
 Drug: empagliflozin vs placebo
 Irrespective of diabetes status
Population: STEMI
Primary endpoint: infarct size (CMR measured)

NCT03658031 (Phase III)
  Number of patiens: 576 patiens
  Randomization: within 28 days after MI
  Drug: dapafliflozin vs placebo
  Prediabetes at inclusion
  Population: MI
  Primary endpoint: incidence of T2DM

DAPA-MI Trial (Phase III)
   Number of patiens: 6400 patiens
   Randomizations: within 7 days after MI 
   Drug: dapafiflozin vs placebo
   Irrespective of diabetes status
   Population: LVEF <50%
   Primary endpoint: MACE (events)

EMPACT-MI Trial (Phase III)
    Number of patients: 3312 patients
    Randomization: within 14 days after MI
    Drug: empagliflozin vs placebo
    Irrespective of diabetes status
    Populations: increased risk for HF
    Primary endpoint: MACE (events)

Figure 1. Timeline of already completed and still running trials with sodium-glucose cotransporter 2 inhibitors after myocardial infarction. 
Blue: dapagliflozin. Red: empagliflozin. Trial name, inclusion criterion, end points, and the number of planned included patients are given. 
End date is assumed based on the information given at www.clinicaltrials.org. All trials tested drugs versus placebo. 

Abbreviations: CK, creatinine kinase; CMR, cardiac magnetic resonance; HF, heart failure; LVEF, left ventricular ejection fraction; MACE, major 
adverse cardiovascular events; MI, myocardial infarction; NT-proBNP, N-terminal pro–B-type natriuretic peptide; PCI, percutaneous coronary 
intervention; STEMI, ST-segment elevation myocardial infarction; T2DM, type 2 diabetes mellitus

http://www.clinicaltrials.org
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using canagliflozin in rats. After 4-week oral pre-treatment 
with canagliflozin the hearts were harvested and examined 
in a Langendorff setup. After 40 minutes of stabilization, 
a 35-minute regional ischemia was applied and followed 
by 2-hours of reperfusion. Canagliflozin pre-treatment 
significantly reduced ischemia/reperfusion injury by ap-
proximately 50% in both diabetic as well as in non-diabetic 
rats compared to vehicle-treated animals. The area at risk 
was not different in all groups.

SGLT2 INHIBITOR TREATMENT DURING 
MYOCARDIAL INFARCTION

In contrast to these matching beneficial results within var-
ious studies for chronic pretreatment, the acute treatment 
showed heterogeneous effects. The setting of initiating an 
SGLT2i shortly before or during ischemia excludes chronic 
changes in metabolism or myocardial energetics as under-
lying mechanisms of potential protective effects. 

Lu et al. [35] treated murine cardiomyocytes with either 
empagliflozin, the adenosine monophosphate-activated 
protein kinase (AMPK) inhibitor compound C, both sub-
stances, and vehicle buffer solution briefly before these 
cardiomyocytes were exposed to hypoxic conditions for 
20 minutes followed by a re-oxygenation period of another 
20 minutes [35]. Empagliflozin triggered phosphorylation 
of AMPK, its upstream activator liver kinase B1, as well as its 
downstream target the peroxisome proliferator-activated 
receptor γ coactivator-1α (PGC1α) within minutes. Inter-
estingly, persistent activation of the AMPK-dependent 
pathway with empagliflozin was accompanied by improved 
cardiac contractility. Moreover, these beneficial molecular 
and functional effects were almost completely abolished 
in cells pretreated with the AMPK inhibitor compound C. 
These experiments were extended to an in-vivo model 
in which mice were treated with empagliflozin alone or 
in combination with compound C for 3 days before sur-
gical temporal LAD ligation for 45 minutes followed by 
24 hours of reperfusion. Rapidly performed post-proce-
dural echocardiography indicated a preserved LVEF in the 
empagliflozin-treated mice while mice also pretreated with 
compound C had a reduced LVEF comparable to the LVEF 
in the vehicle-treated group. Interestingly, histological 
analysis revealed reduced infarction areas in the empagli-
flozin-treated mice. Lahnwong et al. [36] reported beneficial 
effects after pretreatment with dapagliflozin only 15 min-
utes before ischemia/reperfusion in a rat model expressed 
by improved LVEF, reduction of arrhythmias, reduced infarct 
size, and reduced rate of apoptosis. These effects were 
mainly attributed to mitochondrial protection, attenuation 
of reactive oxygen species production, and upregulation 
of antiapoptotic proteins. Translating a short pretreatment 
period into a large animal, Baker el al. [37] treated swine 
with a weight of approximately 50 kg with canagliflozin 
24 hours before 60-minutes of total LAD occlusion. Canag-
liflozin pretreatment resulted in a 60% reduction in infarct 
size, higher stroke volume, and better myocardial efficiency 

(cardiac work divided by oxygen consumption) compared 
to non-treated animals.

On the other hand, Lim et al. [34] treated isolated non-
diabetic rat hearts in a Langendorff setup with canagliflozin 
only throughout the perfusion protocol. This approach 
failed to reduce infarct size despite areas at risk comparable 
to those in the protocol using 4-week pre-treatment. This 
observation is confirmed by unaltered MI size with only 
2 days of empagliflozin pretreatment before MI in a rat 
model published by Yurista et al. [38]. However, this data 
might be biased as all animals with infarct areas smaller 
than 15% were excluded from the analysis. Nevertheless, 
mitochondrial protection could be demonstrated to 
a similar extent compared to the group that received an 
empagliflozin pretreatment for 2 weeks. Jespersen et al. [39] 
also described no effect on infarct size after a 10 minute 
pretreatment with empagliflozin in non-diabetic rats but 
acute improvements in mitochondrial function.

SGLT2 INHIBITION POST MYOCARDIAL 
INFARCTION

Treatment initiated after ischemia and reperfusion obvious-
ly cannot provide beneficial effects within the very early 
stages of MI. But the contribution of metabolic properties, 
cardiac remodeling, and potential arrhythmias following 
MI can be investigated in such experiments.

The first evidence was provided in 2017. Lee et al. [40] 
treated male Wistar rats with dapagliflozin 24 hours after 
MI induced by ligation of the LAD. Infarct size could not be 
changed with this delayed treatment, but dapagliflozin im-
proved contractile kinetics and reduced structural changes 
(cardiac fibrosis) compared to the vehicle-treated group at 
the end of the study period of 4 weeks. Moreover, a reduced 
lung weight to body weight ratio was found indicating 
better remodeling in the treated group. The underlying 
mechanism seemed to be an early STAT3 dependent 
attenuation of activation of oxidative stress measured as 
increases of superoxide and nitrotyrosine already after 
3 days of treatment. Co-administered of the STAT3 inhibitor 
S3I-201 dramatically reduced or nullified these effects.

This post-MI data was extended to a large animal model 
by Santos-Gallego et al. [42] using female Yorkshire pigs 
treated with 2-hour balloon occlusion of the LAD. Pigs 
were randomized to either empagliflozin or placebo and 
treatment was started the day after MI. A non-MI pig group 
that was not treated with empagliflozin served as a control. 
The observation period lasted for 2 months. As anticipated, 
empagliflozin initiation after reperfusion did not reduce in-
farct size, but myocardial metabolism and function differed 
considerably between the three groups. Placebo-treated 
MI animals were characterized by a reduced myocardial 
uptake of free fatty acids, an increased uptake of glucose, 
and a net lactate production — typical patterns of anaero-
bic metabolism. Empagliflozin-treated MI animals showed 
a less pronounced reduction of myocardial free fatty 
acids uptake while there was no difference in the uptake 
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of glucose and lactate compared to non-MI animals. In 
conclusion, empagliflozin treatment preserves the aerobic 
metabolism after MI. Moreover, empagliflozin increased 
the myocardial uptake of ketone bodies resulting in an 
increased calculated myocardial work efficiency. Mecha-
nistically, empagliflozin treatment leads to less reduced 
pAMPK/AMPK and PGC1α/glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) ratios as well as less reduced my-
ocardial adenosine triphosphate (ATP) content compared 
to controls. This likely improves the energetic state of the 
cells. These data support the abovementioned findings of 
Lu et al. [35] on the murine single-cell level. 

Finally, these beneficial metabolic changes translated 
into improved myocardial function analyzed by cardiac 
magnetic resonance imaging and three-dimensional echo-
cardiography. Here, empagliflozin significantly attenuated 
left ventricle enlargement and significantly improved LVEF 
and longitudinal strain.

MYOCARDIAL PROTECTION BY PERSISTENT 
EFFECTS INDUCED BY SGLT2 INHIBITORS 

The experimental evidence available clearly describes the 
beneficial effects of SGLT2i initiation after MI. Unfortunate-
ly, all these studies only used a small number of animals 
(4–6 animals per group), different treatment protocols, 
and different SGLT2 inhibitors. Therefore, only specula-
tions and no final conclusions can be drawn from these 
observations. Examining hearts in Langendorff set-ups 
presume a crystalloid washout before the ischemia/rep-

erfusion procedure can be induced. Data derived from 
these experiments are therefore likely unaffected by the 
metabolic effects or substrates originating from other or-
gans such as liver-derived ketones. Next, the discrepancy 
of acute and chronic effects in ischemia/reperfusion dam-
age speaks rather against a fast-acting membrane-based 
mechanism like the inhibition of the sodium-hydrogen 
antiporter 1 with consecutive alterations in the cellular 
calcium homeostasis reported earlier by Baartscheer et 
al. [42]. Of note, initiation of SGLT2i after ischemia/rep-
erfusion damage cannot reduce infarct size per se too, 
therefore mechanisms to be addressed must positively 
influence cardiac remodeling. 

As summarized in Figure 2, data derived from various 
experimental settings supports a persistent myocardial 
effect of SGLT2i with the best available evidence so far for 
the upregulation of the protective JAK/STAT3 [30, 40], the 
cGCH1-BH4/NO [31], the B-cell lymphoma 2 gene [36], and 
the AMPK [35, 41] pathway. Further pleiotropic mechanisms 
reducing oxidative stress [36] and inflammation as revealed 
by Koyani et al. [43] certainly play their part in this com-
plex cascade of interactions too, although these pathways 
seem to be much more regulated and affected by SGLT2i 
treatment in the early phase after MI. Improved myocar-
dial efficiency would obviously shift myocardial function 
towards a less energy-consuming mode of action which is 
likely delaying or preventing further cardiac deterioration. 
Increased myocardial ketone body consumption upon 
SGLT2i treatment [41, 44] supports this hypothesis. Finally, 

Figure 2. Interactions of sodium-glucose cotransporter 2 inhibitors (SGLT2i) and myocardial infarction (MI) on the homeostasis of cardiomy-
ocytes in different species and on different biological levels (full animals, organs, tissue, and single cells). MI leads directly to tissue necrosis 
and indirectly via reactive oxygen species (ROS) and inflammation. Additionally, MI negatively influences the downstream pathway of tetra-
hydrobiopterin (BH4) leading to a dysfunction of calcium homeostasis via sarco/endoplasmic reticulum Ca2+-ATPase (SERCA2a) (dotted red 
lines). SGLT2i interacted with and via various proteins, pathways, and compounds that counteract the negative effects induced by MI (dashed 
green lines). The wide interactions with cardiomyocytes via miscellaneous second messengers are not shown. 

Abbreviations: AMPK, adenosine monophosphate-activated protein kinase; BCL2, B-cell lymphoma 2 gene; cGH1, cGH1 gene; JAK2, Janus 
kinase 2; NHE1, sodium-hydrogen antiporter 1; NOS, nitric oxide synthase; STAT3, signal transducer and activator of transcription 3 tran-
scription factor
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structural decline as increased fibrosis typically observed in 
remodeling seems to be preventable by SGLT2i [40]. How-
ever, it remains unclear if a brief pretreatment can already 
mediate chronic metabolic or structural protective effects. 

Regarding canagliflozin, another aspect must be kept 
in mind since this substance is less selective for SGLT2 com-
pared to empagliflozin and dapagliflozin. Effects induced by 
canagliflozin might therefore also be attributed to SGLT1 me-
diated mechanisms. This might be of special importance in 
human myocardial tissue as SGLT2 is neither expressed in the 
atrial [45] nor in the ventricular myocardium [46].

FIRST CLINICAL DATA OF SGLT2 INHIBITORS 
AFTER MYOCARDIAL INFARCTION

Data from clinical trials specifically addressing acute MI 
patients is scarce. There is practically only a single study 
analyzing sympathetic and parasympathetic activity 
using heart rate variability and heart rate turbulence in 
96 diabetic patients [47]. Patients were enrolled in the trial 
2–12 weeks after MI. Average creatinine kinase was approx-
imately 2200 IU/l and N-terminal pro–B-type natriuretic 
peptide was 1150 pg/ml indicating rather large MIs. The 
prescription rate of guidelines-recommended medication 
post-MI including β-blockers, renin–angiotensin–aldoster-
one system inhibitors, statins, and dual platelet inhibition 
was high. Follow-up of the patients was up to 24 weeks and 
the primary endpoint of heart rate variability was reported 
as the standard deviation of all 5-minute mean normal 
RR intervals. Low frequency to high frequency ratio was 
significantly changed only in the empagliflozin group but 
there was no significant difference compared to placebo. 
However, potentially even more interesting was the effect 
on average N-terminal pro-B-type natriuretic peptide 
levels. In the empagliflozin group, a reduction of 64% to 
baseline could be reached compared to a reduction of 53% 
in the placebo group. This data is in line with the known 
beneficial effects of SGLT2 i in HF.

CONCLUSIONS
Meta-analyses of clinical trials emphasize that SGLT2i treat-
ment leads to a reduction of 10%–20% in the number of 
MI in diabetic patients. Experimental data highlights a re-
duction in infarct size and consecutively less remodeling 
and development of HF after MI in almost all experimental 
settings ranging from single cells to large animal models 
with and without diabetes. The reason for this finding 
is likely multifactorial, including delayed progression of 
diabetes, improved myocardial energetics, activation of 
cardioprotective downstream mechanisms counteracting 
remodeling processes, antifibrotic and antiapoptotic pro-
cesses, potential anti-inflammatory mechanisms, and direct 
interaction with cardiomyocytes (Figure 2). Thereby, the 
heart may resist episodes of ischemia that would otherwise 
result in cell damage and MI. Importantly, experimental and 
first clinical data strongly point towards effects independ-
ent from the presence of diabetes. Therefore, it needs to 

be considered if treatment with SGLT2i irrespective of the 
diabetes status is reasonable to initiate in patients after MI. 
This claim is already heavily backed by experimental data 
and will soon be complemented by clinical data.
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A bstract     
Background: Telerehabilitation in the Heart Failure Patients (TELEREH-HF) study showed a statistically 
significant improvement in the tertiary outcomes i.e. the New York Heart Association (NYHA) class after 
a 9-week follow-up, consistent with telerehabilitation-related benefits to quality of life (QoL) measured 
with the 36-item Short Form questionnaire (SF-36).

Aims: The study analyzed the cost-effectiveness of hybrid telerehabilitation compared to standard care 
in heart failure patients in the Polish setting using findings from the TELEREH-HF trial. 

Methods: Cost-utility analysis was conducted from the perspective of a public payer (the Polish National 
Health Fund). The quality-adjusted life-year (QALY) measure was based on QoL, as survival benefit was 
not confirmed in the TELEREH-HF. Utility values were estimated based on NYHA improvement and 
a systematic review of NYHA-specific utility values. Alternatively, SF-36 results were translated into 
utility values. Telerehabilitation costs covered 8 weeks, 5 days/week, at a daily cost of 74 Polish zloty 
(PLN). Standard care costs resulted from extra in-patient and out-patient rehabilitation costs incurred for 
selected patients. A lifetime horizon was adopted, with an estimated average survival time of 3.9 years 
based on 2 years TELEREH-HF follow-up and subsequent literature-derived prognosis.

Results: Base case analysis yielded a 0.044 and 0.027 gain in QALY for the NYHA and SF-36-based ap-
proaches, corresponding to a cost per QALY of 58.7 and 96 thousand PLN, respectively. Sensitivity analysis 
confirmed that the cost per QALY value was likely below the official cost-effectiveness threshold in Poland.

Conclusions: The use of telerehabilitation was found cost-effective in Poland, i.e., the clinical benefits 
justify the additional costs.
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INTRODUCTION
Hybrid comprehensive telerehabilitation is the pos-
sibility of supervising and providing rehabilitation at 
a distance by using advanced medical and telecommuni-
cation technologies. Telerehabilitation can be combined 

with standard cardiovascular rehabilitation programs or 
used alone as a hybrid comprehensive procedure. High 
adherence to telerehabilitation may not only improve 
clinical outcomes but lower total treatment costs of 
heart failure.

mailto:epiotrowicz@ikard.pl
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Therefore telerehabilitation is a feasible and safe alter-
native to standard rehabilitation [1–3].

The aim of the study was to present a cost-utility 
analysis (CUA) of a hybrid telerehabilitation procedure in 
patients with heart failure compared to standard care based 
on the outcomes of the Telerehabilitation in Heart Failure 
Patients (TELEREH-HF) randomized clinical trial conducted 
in 5 Polish centers [4].  

The hybrid telerehabilitation program was initiated 
during hospital stay and continued after discharge in the 
form of remotely supervised exercise training at home 
over 8 additional weeks combined with multi-parameter 
telemonitoring. Patients randomized to the standard care 
group received usual care appropriate for their clinical 
status and standardized within a particular center; some of 
them could participate in a rehabilitation program either 
in outpatient or inpatient settings [4, 5].

METHODS

Type of analysis
The TELEREH-HF trial demonstrated no significant differ-
ences between the two groups in overall and cardiovascu-
lar mortality [5]. However, there were statistically significant 
differences in the tertiary outcomes including the New 
York Heart Association (NYHA) class after 9 weeks in favor 
of telerehabilitation. This is particularly important as NYHA 
is more directly related to patients’  functioning and quality 
of life (QoL). In contrast, only small changes in the NYHA 
class were observed after 9 weeks in those undergoing 
standard care, with a trend towards a deterioration of the 
NYHA (Table 1).

Consequently, telerehabilitation may positively impact 
QoL, even in absence of survival benefit. The outcome was 
confirmed in a direct comparison of QoL in both groups, 
which was measured with the 36-item Short Form ques-
tionnaire v2 (SF-36). The average score after 9 weeks of 
care was 91.7 in the telerehabilitation group and 89.3 in 
the control group (P <0.001).

Due to the QoL differences, a CUA is a suitable com-
parison technique. For the outcomes of CUA to be a valid 
basis for financial decisions on health technologies from 
a single budget, quality-adjusted life years (QALYs) are 
routinely used to measure the effects [6]. QALYs measure 
the length of life adjusted for its quality, resulting in what 
can be thought of as an equivalent of years of life in full 
health. For various health conditions, the conversion factor 
of a year spent in a given state to an equivalent of a year in 
full health is referred to as the health utility [7]. 

For the health utility to have a theoretical foundation 
and be economically interpretable, values must be de-
termined through a preference-based method. Thus, the 
assessment of QoL with the SF-36 cannot be used, as the 
point values are assigned arbitrarily (e.g., assigning the 
values of 100, 75, 50, 25, 0 to the levels of a given attribute 
without checking if the differences between attribute 
levels are equidistant). Therefore, we converted the data 
describing a patient’s health to a number interpreted as 
the health utility in order to calculate QALY.

Perspective
The analysis was conducted from the perspective of a public 
payer, the Polish National Health Fund (NHF), which seems to 
be most natural in the context of this study. The patients do 
not bear the medical costs related to both interventions. Al-
though they can bear additional non-medical costs not cov-
ered by the NHF budget and not included in the adopted 
perspective. Meanwhile, from the perspective of a service 
provider, the emphasis is placed on the cost-effectiveness 
of procedure applications (i.e., the differences between the 
financing provided by NHF and the real costs incurred by 
the hospital), which are not suitable for making decisions 
at the level of the entire healthcare system.

Time horizon and discounting
The lifetime time horizon was selected. Estimation of the av-
erage life expectancy (i.e., the horizon under consideration) 
was performed. Two-year mortality in the TELEREH-HF trial 

W H A T ’ S  N E W ?
Telerehabilitation in the Heart Failure Patients (TELEREH-HF) randomized clinical trial showed a statistically significant clinical 
improvement in the tertiary outcomes i.e. the New York Heart Association class, and quality of life of heart failure patients. That 
benefit justifies the additional cost incurred, and telerehabilitation was found to be a cost-effective intervention in Polish settings.

Table 1. The New York Heart Association (NYHA) classification at baseline and after 9 weeks

NYHA class Telerehabilitation Standard care

Baseline 9 weeks Baseline 9 weeks

I 51 (13.0) 99 (25.2) 49 (14.2) 60 (14.9)

II 279 (71.0) 242 (61.6) 272 (67.7) 255 (63.4)

III 63 (16.0) 52 (13.2) 81 (20.1) 85 (21.1)

IV 0 (0) 0 (0) 0 2 (0.5)

Data are presented as number (percentage)
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was approximately 12.5% for each group, whereas available 
studies indicate approximate 75% 5-year mortality in a simi-
lar group of patients [8]. Assuming a constant mortality rate 
in the first 2 years (based on 2-year mortality) and another 
constant mortality rate in subsequent years (based on the 
relative probability of survival for 2 years and 5 years, i.e., 
the probability of surviving 5 years on condition of sur-
viving 2 years), approximate 10-year survival curves were 
built (by extrapolating the annual risk of death from the 
2–5 year to the 5–10 year period). The average survival time 
estimated (including half-cycle correction) is 3.9 years. This 
outcome corresponds well with median survival time in 
patients with heart failure and left ventricular ejection 
fraction (LVEF) reduced below 40% [8], especially with the 
assumption of a right-skewed lifetime distribution (i.e., the 
lifetime of many patients is below average and the lifetime 
of some patients is substantially above the average — in 
this case, the mean exceeds the median). Namely, this  
median is 3.6 years in patients aged 65–69 years and 
decreases in older age groups (e.g., 2.9 for patients aged 
70–74 years and 2.3 for patients aged 75–79 years).

As the time horizon covered by the analysis exceeds 
one year, discounting was used. A discount rate of 3.5% 
was adopted [9, 10]. 

Population
The outcomes presented in this study refer to the clinical 
trial population [4]. The TELEREH-HF study was approved 
by the local Ethics Committee and each patient provided 
written informed consent. 

The majority of patients included in the trial were men 
(approx. 89%), aged 62 years, and in the NYHA II class (ap-
prox. 68%; 20% in NYHA III and 12% in NYHA I). 

In the context of the present analysis, it is important 
that the mean age at enrolment is less than 65–69 years, 
which is the interval for which the median survival data 
were presented above. In this sense, the assumption of 
3.9 years life expectancy seems conservative, i.e., the actual 
average life expectancy may exceed 3.9 years.

Methods of assessing the effects
A CUA was performed, as the TELEREH-HF trial showed ben-
efits of telerehabilitation for tertiary outcomes, suggesting 
an improvement in QoL. Two outcomes reported in the 
study were used in the present analysis: the NYHA class 
and SF-36 QoL assessment. One method was not chosen 
as a base case due to its complementary nature. The NYHA 

class can only take 4 values, which may adversely affect its 
ability to express the patient’s health through the utility 
accurately. The SF-36 is a generically-used instrument; 
however, it is more complex, which may be considered 
a disadvantage as converting the health condition factor 
to the utility would require the use of more parameters.

Each outcome was converted into the utility. For the 
NYHA class, a literature review was carried out (see Sup-
plementary material) to evaluate the utility difference 
between the NYHA classes I and II, I and III, or II and III. 
Three studies that reported (respectively) large numbers 
of patients with the LVEF <40% were chosen for the utility 
parametrization [11–13]. In two of the studies the results 
were given in the form of utility differences between the 
NYHA classes (e.g. II and I), not the levels; however, this 
does not affect the outcome of the CUA as it is only based 
on utility differences [11, 12]. Nevertheless, to compare 
the results between studies, the utility level for the NYHA 
class I was adopted as the value of 0.823 [13]. It is also 
worth noting that among the studies found in the review, 
in the present analysis we eventually used those with the 
largest number of patients. Additionally, the results are very 
consistent across these studies.

The final data used to assess the utility of the NYHA 
classes are presented in Table 2. The average base-
line utility derived from the NYHA class structure is 
13% × 0.823 + 71% × 0.746 + 16% × 0.657 = 0.7419, and is 
0.7538 after 9 weeks.

To convert the SF-36 into the utility, the following ap-
proach was used. Although state utility sets for the Polish 
population are available for the health states defined in the 
EuroQol-5-Dimensions-5-Level (EQ-5D-5L) questionnaire 
[7], there are currently no algorithms to assign this utility to 
the SF-36 questionnaire. Therefore, we used an algorithm 
developed for the United Kingdom [14].

By comparing the health utility calculated at baseline 
and after 9 weeks, we can estimate the change in the utility, 
which is then related to life expectancy, to calculate the 
therapeutic benefit in QALYs. The analysis assumed that 
the effect obtained during telerehabilitation lasts until the 
end of the patient’s life. This does not mean that a constant 
QoL is assumed from telerehabilitation to the end of life, 
but that the difference in life utility between patients us-
ing telerehabilitation and those receiving standard care 
remains unchanged over the lifespan. Meanwhile, based 
on the TELEREH-HF trial, it was conservatively assumed 
that telerehabilitation does not translate into longer life 

Table 2. Utility of New York Heart Association (NYHA) classes based on the studies used in the analysis and weighted according to the mean 
number of patients

Berg 2015 [11] Göhler 2009 [12] Griffiths 2017 [13] Mean

NYHA I 0.823 0.823 0.823 0.823

NYHA II 0.755 0.752 0.738 0.746

NYHA III 0.673 0.662 0.643 0.657

The number of patients 4147 1395 5313 —
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expectancy [5]. Finally, in the base case analysis, the further 
life expectancy adopted was 3.9 years. Considering the 
mean patient’s age of 63 years, and the median reported 
life expectancy for those aged 65–69 years of 3.6 years, this 
assumption also seems to be conservative.

Methods of assessing the costs
The costs of the initial (i.e., diagnosis and the first week 
of hospitalization) and the final assessment were not in-
cluded, as these were identical for telerehabilitation and 
standard care. For telerehabilitation, the costs covered 
8 weeks (i.e., 5 days/week, excluding weekends, when no 
telerehabilitation sessions were conducted), with a daily 
cost of 74 Polish zloty (PLN) (according to Regulation 
No. 133/2019/DSOZ issued by the President of the NHF). 
Thus, the total cost of telerehabilitation was estimated at 
2960 PLN per patient.

In those undergoing standard care, most did not gen-
erate extra costs. However, rehabilitation was also used 
in 12% (51/425) of patients, 24% (12/51) of whom were 
rehabilitated in the hospital, and the rest (76% [39/51]) in 
an outpatient setting. Inpatient rehabilitation (7 days/week 
for 5 weeks) was estimated at 218.40 PLN/day (according to 
Regulation No. 133/2019/DSOZ issued by the President of 
the NHF), resulting in a cost of 7644 PLN per patient. Outpa-
tient rehabilitation (24 days) was estimated as 74 PLN/day 
(according to Regulation No. 133/2019/DSOZ issued by the 
President of the NHF), resulting in a cost of 1776 PLN per 
patient. Finally, the mean cost of standard care was calcu-
lated as: 12% × (12/51 × 7644 + 39/51 × 1776) = 378.80 PLN.

Therefore, the cost difference between telerehabil-
itation and standard care is 2581.20 PLN. The costs are 
incurred in the first weeks after enrolment and are not dis-
counted.

RESULTS

Base case analysis
Using the NYHA class shift approach, we obtained an aver-
age utility difference of 0.01187 between telerehabilitation 
and standard care. For the SF-36-based approach, the aver-
age change in utility in the telerehabilitation group during 
the ninth week was 0.01 (95% confidence interval [CI], 
0.0016 to 0.0184) compared to 0.0028 (95% CI, –0.0056 to 
0.0112) in the standard care group. This difference in the 
mean effect (i.e., 0.00726) was taken as the annual meas-
ure of telerehabilitation benefits. The cumulative effect 
difference over 3.9 years, at the discount rate of 3.5% per 
year, gives a total of:
•	 3.71 × 0.01187 = 0.044 QALY for the NYHA-based ap-

proach, and
•	 3.71 × 0.00726 = 0.0269 QALY for the SF-36-based 

approach. 
The difference in the costs is 2581.20 PLN. Therefore, 

the ratio of the additional cost to the additional effect ex-
pressed in QALY, i.e., incremental cost-utility ratio (ICUR), is:

•	 2581.20/0.044 = 58  663.42 PLN/QALY for the NY-
HA-based approach, and

•	 2581.20/0.0269 = 95 955.39 PLN/QALY for the SF-36-
based approach.
Incremental cost-utility ratio is interpreted as an aver-

age cost of getting an additional unit of the therapeutic 
effect when using the analyzed technology in place of 
the comparator. In Poland, the threshold differentiating 
cost-effective technologies from cost-ineffective technol-
ogies has been adopted by law and equals three times the 
annual gross domestic product per person, i.e., currently 
155 514 PLN/QALY [15]. Therefore, in both approaches of 
calculating the effect in the form of utility, we found that 
telerehabilitation is cost-effective, i.e., the additional costs 
are justified by the outcomes gained.

Sensitivity analysis

Influence of lifespan and effect persistence
In the base case, a further life expectancy equal to 3.9 years, 
and the persistence of the effect difference between groups 
of patients throughout life was adopted. Supplementary 
material, Table 3 presents the impact of these assumptions 
on the results. Various variants concerning the number 
of years of the effect’s persistence have been presented 
(the life expectancy itself is irrelevant in the model, but it 
exceeds the duration of the effect). The effects obtained 
during these years were discounted the same way as in 
the base case.

The longer the duration of the effect, the lower the 
ICUR value, which proves the higher cost-effectiveness of 
telerehabilitation. Importantly, when parameterizing the 
effect based on the NYHA, even when the effect endures 
for 2 years, it can already be concluded that it is cost-ef-
fective. With the SF-36 approach, a 3-year duration of the 
effect is needed.

Considering both approaches collectively, a 2-year 
period of the telerehabilitation effect is sufficient for 
cost-effectiveness.

Lack of discounting
No discounting in the base case resulted in:
•	 3.9 × 0.01187 = 0.0463 QALY for the NYHA-based ap-

proach, and

Table 3. The impact of New York Heart Association (NYHA) classes and 
36-item short form questionnaire (SF-36) effects duration

The number of years 
the benefit of the 
utility persists

ICUR 
(based on NYHA class) 

[PLN/QALY]

ICUR 
(based on SF-36) 

[PLN/QALY]

1 217 456 355 537

2 110 598 180 826

3 74 993 122 612

4 57 201 93 522

5 46 534 76 082

Abbreviations: ICUR, incremental cost-utility ratio, QALY, quality-adjusted life year, 
PLN, Polish zloty
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•	 3.9 × 0.00726 = 0.0283 QALY for the SF-36-based ap-
proach. 
In this case, the ICURs are:

•	 2581.20/0.0463 = 55 757.89 PLN/QALY for the NYHA- 
-based approach, and

•	 2581.20/0.0269 = 91   63.38 PLN/QALY for the SF-36- 
-based approach.

Probabilistic analysis
To determine the effect of stochastic uncertainty in the data 
on the results obtained, a probabilistic sensitivity analysis 
was performed using the Monte Carlo method. In terms 
of the NYHA-based approach, the impact of the target 
structure uncertainty of the NYHA classes was investigated. 
Ten thousand bootstrap samples were generated, and their 
ICUR values calculated, resulting from the observation of 
the population structure appropriate for a given sample 
after 9 weeks. As shown in Figure 1, for almost all Monte 
Carlo iterations, the ICUR value is below the applicable prof-
itability threshold, which indicates a very high resistance 
of the obtained conclusions to the uncertainty associated 
with the use of random tryouts. Importantly, studies on 
the relationship between the NYHA class and utility cover 
a very large number of patients and are characterized by 
high convergence of the presented results. Therefore, this 
element of the model is not an important source of addi-
tional uncertainty.

Regarding the SF-36-based approach, the effect of 
uncertainty related to the value of the utility difference 
was examined for both subgroups of the TELEREH-HF 
study. The parametric bootstrap method was used. The 
mean and standard deviation of change in utility between 
baseline and week 9 were calculated for each group, 
yielding 0.00276 and 0.0846 for the control group, and 
0.01 and 0.08375 for the telerehabilitation group. Based 

on the size of both groups (393 and 385 patients, respec-
tively), a normal distribution was assumed to estimate the 
uncertainty of the mean: the standard error of the mean 
was approximately 0.0043 in both groups. The Monte Carlo 
simulation generated 10 000 utility difference values from 
this distribution. As shown in Figure 2, the uncertainty of 
the estimates using this approach is much greater; still, 
for approximately 68%, the ICUR value does not reach 
the profitability threshold in Poland, indicating the cost- 
-effectiveness of telerehabilitation.

DISCUSSION
This study analyzed the economic viability of telerehabil-
itation in heart failure. When estimating health-related 
utility gain, two approaches were used: one based on the 
improvement in the NYHA class, and another based on 
QoL measured with SF-36. For both approaches, telere-
habilitation was found cost-effective, i.e., the cost of one 
QALY gained is below the statutory threshold in Poland. 

The specific results obtained for both approaches are 
different: such differences are expected in the case of 
instruments based on the subjective assessment of QoL. 
Additionally, for the NYHA and SF-36, different algorithms 
were used to convert their values into utility, as they are 
different instruments. Nonetheless, despite the quantita-
tive differences, both approaches gave consistent findings.

Unfortunately, in the case of both the NYHA and SF-36, 
no Polish data was available that could be converted into 
utility values to specifically reflect societal preferences in 
Poland. In this context, it is important that the difference 
between the obtained ICUR coefficients and the statutory 
threshold is large and gives a large margin of freedom for 
the model parameters. For example, if we take 2.5 years 
instead of the assumed effect duration of 3.9 years, telere-
habilitation remains a cost-effective option.

Figure 1. Distribution of the incremental cost-utility ratio (in thousands of Polish zloty per quality-adjusted life year [PLN/QALY]) for the New York 
Heart Association class-based approach considering the uncertainty of the New York Heart Association class distribution after telerehabilitation
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The greater uncertainty of the estimates based on 
the SF-36 is interesting. Perhaps this is due to the greater 
number of aspects covered by this instrument, leading to 
greater ‘noise’ in a given sample. Another reason may be 
that in the probabilistic analysis based on SF-36, uncer-
tainty was considered for both the telerehabilitation and 
control groups, both in terms of the initial and target utility 
levels. For the NYHA-based approach, only the structure of 
the telerehabilitation group was considered uncertain, and 
only after 9 weeks of care. In conclusion, the results of both 
the base case analysis and the sensitivity analysis indicate 
the cost-effectiveness of telerehabilitation.

The compared groups were not homogeneous. In the 
telerehabilitation group, some patients did not follow the 
doctor’s instructions. In the group of patients who did, 
the results expressed by SF-36 were slightly better (utility 
increases by 0.0107 vs 0.01), indicating a slightly larger 
difference in the change in utility between the telerehabil-
itation and standard care groups (by approx. 10%). Addi-
tionally, different results were reported for the participating 
centers, which could be interpreted in a future post-hoc 
analysis with corresponding limitations. Moreover, some 
patients in the control group received rehabilitation, and 
likely achieved better results; thus, the comparison is 
conservative for telerehabilitation. It should be noted the 
analysis also covered the costs of extra rehabilitation in 
the control group, so the overall impact on ICUR should 
not be significant.

The analysis assumed a constant difference in utility 
gain related to telerehabilitation over standard care, which 
might be perceived as a less conservative approach. To 
explore that assumption, we estimated the necessary du-
ration of effects, both in the NYHA and SF-36, to maintain 

the cost-effectiveness of telerehabilitation. The estimated 
2-year duration of the effects represents roughly half of 
anticipated mean survival.

Telerehabilitation has been shown to be cost-effec-
tive in Belgium [16]. In the randomized study of total 
126 patients, a 6-month telerehabilitation resulted in QoL 
improvement, which translated into incremental QALY gain 
of 0.22. This stronger effect may be due to longer duration 
of telerehabilitation itself, longer follow-up period, greater 
sensitivity of the EQ-5D instrument, or the sensitivity of the 
utility attribution algorithm to various health conditions to 
telerehabilitation outcomes. Lower costs were additionally 
observed in the telerehabilitation group, mainly due to 
lower costs of rehospitalization. In the TELEREH-HF study, 
no such differences were observed.

Lower costs in the telerehabilitation group were also 
observed in an Australian study [17], although no im-
provement in the QoL was found, which may reflect its 
significantly shorter follow-up than in the Belgium study 
[16]. Telerehabilitation was reported cost-effective due to 
the savings generated. Similar results were reported for 
New Zealand [18].

In Denmark, an analysis of the effectiveness of tele-
rehabilitation compared to traditional rehabilitation also 
showed that the additional costs generated were small 
(approx. 1700 EUR) [19]. However, the differences in QALY 
over the one-year horizon, although in favor of telereha-
bilitation, were not significant. This study used the SF-36 to 
measure QoL, which may suggest a low sensitivity of this 
instrument in the context of the considered intervention.

The economic modeling reported savings generated 
by telecare and an additional effect of approximately 
0.03 QALY per year, although authors stressed that the 

Figure 2. Distribution of the incremental cost-utility ratio (in thousands of Polish zloty per quality-adjusted life year [PLN/QALY]) for the 36-item 
short form questionnaire approach including the uncertainty in the distribution of the utility change in both groups
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financial benefits may not apply to patients with low 
baseline risk [20].

The benefits of telerehabilitation not included in the 
present study should also be noted. Better health outcomes 
can lead to lower patient resource use and costs. Telereha-
bilitation may improve access to healthcare, as care can 
be provided regardless of whether a patient lives close 
to the rehabilitation center. Thus, telerehabilitation may 
increase the equity between patients. Telerehabilitation 
may also increase the possibilities of using the existing 
base by releasing resources in outpatient clinics and hos-
pitals, which may motivate service providers to promote 
telerehabilitation care.

CONCLUSIONS
The telerehabilitation compared to standard care was 
found to be cost-effective, i.e., additional costs are justi-
fied by the clinical effects gained. The additional cost of 
gaining one year of healthy life is in the range of 58 000–
–96 000 PLN/QALY, depending on the adopted approach, 
clearly below the profitability threshold in Poland. The 
therapeutic benefits are driven by the improvement of the 
patients’ clinical condition, the NYHA class, or their QoL as 
measured by the SF-36 questionnaire. 
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A bstract     
Background: The diagnostic workup of low-gradient aortic stenosis (LG AS) is a challenge in clinical 
practice. 

Aims: Our goal was to assess the diagnostic value of stress echocardiography (SE) performed in pa-
tients with undefined LG AS with low and preserved ejection fraction (EF) and the impact of its result 
on therapeutic decisions in Polish third level of reference.

Methods: All the patients with LG AS and with SE performed were recruited in 16 Polish cardiology 
departments between 2016 and 2019. The main exclusion criteria were as follows: moderate or severe 
aortic or mitral regurgitation and mitral stenosis. 

Results: The study group included 163 patients (52% males) with LG AS who underwent SE for adequate 
diagnostic and therapeutic decision. In 14 patients DSE was non-diagnostic. The mean aortic valve 
(AV) pressure gradient was 24.1 (7.3) mm Hg, while an AV area was 0.86 (0.2) cm2. Among 149 patients 
with conclusive DSE, severe AS was found in 59.8%, pseudo-severe in 22%, and moderate AS in 18%. 
There were no cases of death or vascular events related to DSE. Among 142 patients 63 (44%) patients 
had an aortic valve intervention in a follow-up (median: 208 days; lower-upper quartile: 73–531 days). 
Based on the result of the DSE test, severe AS was significantly more often associated with qualification 
to interventional treatment compared to the moderate and pseudo-severe subgroups (P <0.0001). 

Conclusions: The DSE test in severe AS is a valuable diagnostic tool in patients with LG AS in Poland.

Key words: aortic stenosis, dobutamine stress echocardiography, low gradient aortic stenosis, stress 
echocardiography
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W hat   ’ s  new   ?
The Pol-LAS-SE registry was the first initiative in Poland investigating application of stress echocardiography (SE) in low-gradient 
aortic stenosis. Despite the time-consuming nature and the lack of reimbursement in Poland, SE is an important method used 
in the case of low gradient aortic stenosis. The dobutamine SE provided complete hemodynamic information that enabled the 
division of aortic stenosis into subgroups, however, the registry showed that in everyday practice advanced calculations, e.g. 
aortic valve projected area is not performed. Only 8.6% of exams were non-diagnostic. In doubtful cases, the final decision was 
additionally made taking into account the entire clinical presentation, which was reflected in the 2017 Valvular Heart Disease 
Guidelines, although the study was conducted in previous years. The survey has documented that SE has direct implications 
for clinical and therapeutic decisions. In our opinion, the observations are trustworthy and reflect current approaches to aortic 
stenosis in Poland.

INTRODUCTION 
Low-flow low-gradient aortic stenosis (LFLG AS) is 
a frequent hemodynamic type of aortic valve disease, 
accounting for 30%–50% of all cases of severe aortic ste-
nosis (AS) [1, 2]. The risk of adverse outcome in patients 
with LFLG AS has been reported to be even higher than 
in high-gradient AS patients [3]. Low-flow low-gradient 
aortic stenosis is defined by the coexistence of mean 
transvalvular gradient <40 mm Hg, effective aortic valve 
area (AVA) <1.0 cm2 (0.6 cm2/m2 BSA) and stroke volume 
(SV) index <35 ml/m2, and may occur with reduced 
or preserved left ventricular ejection fraction (LVEF): 
classical and paradoxical type, respectively. Given the 
discrepant values of valve area and gradient metrics 
that are a feature of the LFLG profile, a challenging part 
of the diagnostic process is to determine whether the 
stenosis is true-severe or pseudo-severe [4, 5]. Recent 
ESC guidelines endorse a practical stepwise approach 
for the assessment of AS severity, in which dobutamine 
stress echocardiography (SE) and CT calcium scoring help 
to identify candidates for surgery among patients with 
LFLG AS [5, 6]. According to these recommendations, 
dobutamine SE using a low-dose protocol plays a crucial 
role in stratifying the degree of valve stenosis in classical 
LFLG AS [2, 4, 5]. The inotropic stimulation of left ven-
tricular (LV) myocardium with dobutamine by increasing 
aortic flow permits a distinction between true-severe and 
non-severe AS, which is possible in the presence of LV 
contractile reserve defined as >20% increase in LV stroke 
volume, as well as, in a proportion of cases not satisfying 
this criterion by calculating the projected valve area at 
a normal flow rate, i.e. 250 ml/s [8–10]. A recently pub-
lished Polish registry of SE showed that dobutamine SE 
(DSE) was the most commonly used stress echo method, 
however, its use in non-coronary indications, including 
LFLG AS, was relatively rare [11]. 

The current study is the first registry of SE performed 
in patients with low-gradient aortic stenosis (LG AS) in 
Poland. This study aimed to evaluate indications, the 
diagnostic utility of SE, and the impact of information 
obtained from this test on therapeutic decisions in Polish 
cardiology centers.

METHODS

Patient population 
A total of 163 patients were recruited by 16 Polish cardi-
ology centers dedicated to heart valve disease between 
2016 and 2019. Patients were included in the Pol-LAS-SE 
registry if they had aortic stenosis with mean aortic gra-
dient (MPG) <40 mm  Hg on a resting echocardiogram. 
Patients were excluded if they had more than mild aortic 
regurgitation, moderate and severe mitral regurgitation, or 
mild mitral stenosis, as assessed by the multiparametric in-
tegrative approach recommended in the current guidelines 
for native valve regurgitation and stenosis. The treatment 
(aortic valve replacement [AVR], transcatheter aortic valve 
implantation [TAVI] or medical management) was left to 
the discretion of the treating physician who was aware of 
the results of resting and stress echocardiogram. Based on 
hospital registries, clinical data were collected and included 
age, sex, body mass index, co-morbidities, symptoms, heart 
rate/rhythm, and blood pressure measurements.

Echocardiography
SE was performed using commercially available ultrasound 
systems. Dobutamine infusion protocol consisted of 5-min (in-
cluding ca. 3 min for image recording) stages with increments 
of 10 μg/kg/min up to a maximum dosage of 20 μg/kg/min. 
Beta-blockers were not withdrawn before stress echo. Left 
ventricular outflow tract (LVOT) diameter was measured at 
rest and considered constant during stress echo. The following 
measurements were performed at rest and each SE stage: 
•	 stroke volume (SV) was measured in the LV outflow 

tract (LVOT VTI × LVOT area);
•	 aortic valve area was calculated by the continuity 

equation; 
•	 mean aortic gradient was obtained by the Bernoul-

li formula;
•	 left ventricular ejection fraction was measured using 

the biplane Simpson method. For all these parameters, 
we averaged the measures of 3 cycles in normal sinus 
rhythm and 5 cycles in the presence of irregular rhythm. 
The image recordings performed at each stage could 

be subsequently displayed for offline analysis on quad 
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— 4 screen mode. The presence of flow reserve was as-
sumed if ΔSV (i.e. peak SV–resting SV) was >20% of resting 
SV value. The non-diagnostic group includes tests whose 
technical quality or lack of data prevented being assigned 
to one of the categories. True severe AS was confirmed if 
stimulated values were as follow (increase of SV >20% and 
any increase of EF, MPG ≥40 mm Hg, AVA ≤1.0 cm2) while 
pseudo severe AS was confirmed if (an increase of SV >20% 
and any increase of EF, MPG <40 mm Hg, AVA >1.0 cm2) 
was observed. Patients without SV increase by more than 
20%, stimulated MPG <40 mm Hg, any AVA change, any EF 
increase were considered as undefined AS (non-conclusive 
AS). Moderate AS was defined as AVA >1.0 cm2 and MPG 
<40 mm Hg at baseline, and 1.5 cm2 >AVA >1.0 cm2 and 
MPG <40 mm Hg during dobutamine infusion.

The bioethics committee approval was not required.

Statistical analysis
Results were expressed as numbers and percentages for 
categorical variables and as mean (SD) or median (inter-
quartile range) for continuous variables. The distribution 
of continuous variables was tested for normality with the 
Shapiro-Wilk test. In cases of slight deviations, skewness 
determined the choice of tests. Non-parametric tests 
were used when the skewness was greater than <–1.7 or 
>1.7. Comparisons between frequencies were made using 
the chi-square test of independence or Fisher’s exact test 
(when the number of expected events was less than 5). 
Differences between means were assessed using Student’s 
t-tests or Satterthwaite’s method — or by one-way analysis 
of variance (ANOVA) when the number of compared groups 
was greater than two — followed by the Tukey multiple 
comparison test. In the case of high skewness, the analyzes 
were performed with non-parametric Mann-Whitney or 
Kruskal-Wallis tests.

All statistical tests were performed at α = 0.05 (2-sided). 
Analyses were performed using SAS software version 9.4.  
Data with normal distribution are presented at mean (SD).

RESULTS

Characteristics of the study group
Clinical characteristics 
The multicentre Pol-LAS-SE registry involved 163 patients, 
including 85 (52.1%) males, with LG AS who underwent SE 
for adequate diagnostic and therapeutic facilities.

Fourteen (8.6% ) out of the 163 SE tests performed 
within the Pol-LAS-SE registry were non-diagnostic and did 
not allow the evaluation of LG AS severity (Figure 1). Of the 
14 non-diagnostic tests, 13 were tests with dobutamine, and 
1 was an exercise test. Based on the SE results, the remaining 
149 patients were divided into three categories: 89 (59.8%) 
patients with severe AS (severe subgroup); 33 (22.1%) to 
pseudo-severe AS (pseudo-severe subgroup) and 27 (18.1%) 
to the moderate AS group (moderate subgroup). 

Table S1 (Supplementary material, Table S1) summa-
rises the clinical characteristics of the overall cohort and 
subgroups according to the LG AS category. The most 
common co-morbidities in all the study groups were 
arterial hypertension and coronary artery disease (CAD); 
52 (32.9%) patients were diagnosed with atrial fibrillation. 
The vast majority of patients presented symptoms of heart 
failure (94%).

Parameters of resting and stress 
echocardiography test
Overall, stress echocardiography test was performed in 
163 patients; 157 (96.3%) subjects underwent a dobutamine 
test, while 6 (3.7%) had an exercise stress test. The mean 
(SD) dobutamine maximal dose was 19.7 (2.8) μg/kg/min, 
while a mean (SD) exercise load was 58.3 (12.9) Watts. Ta-
ble S2 (Supplementary material, Table S2) shows the he-
modynamic data of the SE test conducted in the study 
cohort overall and three subgroups by the severity of the 
LG AS (severe, pseudo-severe, and moderate). There was 
no statistically significant difference in the dobutamine 
dose used in each study group; however, differences in the 
blood pressure (BP) values were found.

In the overall cohort, average mean pressure gradient 
value was 24.1 (7.3) mm Hg, while an AVA was 0.86 (0.2) 
cm2. Overall, a mean (SD) SV index was 29.9 (8.8) ml/m2. Dur-
ing a SE test, we have observed a significant increase in the 
transaortic Pmax, MPG, and SV as well as a significant short-
ening of the LV ejection time (ET) (P <0.0001). The mean 
(SD) relative increase in SV at peak stress was 27.8 (24.6), 

Figure 1. Results of the stress echo test in patients enrolled into 
Pol-LAS-SE registry. 

Abbreviations: AS, aortic stenosis

20.2%

16.6%

8.6%

54.6%

Non-diagnostic test (n = 14)
Severe AS (n = 89)
Pseudo severe (n = 33)
Moderate AS (n = 27)
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and the presence of a contractile (flow) reserve at 20% 
threshold was confirmed in 111 (68.5%) patients.

Table 1 summarises the differences in the hemodynam-
ic data and the values of the echocardiographic parameters 
measured during the peak stage of SE compared to a rest-
ing echo test in three subgroups of patients defined by 
the severity of AS. Patients with severe AS had significantly 
higher changes in the transaortic gradient compared to the 
moderate and pseudo-severe subgroups. In the moderate 
and pseudo-severe subgroups, significantly higher changes 
in the aortic valve area were observed.

Reasons for the SE termination and complications 
of the SE test in the overall cohort 

In all the patients, the main reason for the termination 
of the SE test was meeting the study’s protocol require-
ments.

We did not observe any severe cardiovascular events 
(death, myocardial infarction, or cerebral stroke/TIA)  
during SE.

One subject developed a non-sustained ventricular 
tachycardia episode which resolved spontaneously.

In total, 143 patients (87.7%) did not experience any 
important symptoms during SE. 

Mild symptoms (dyspnoea, fatigue, weakness, head-
ache, mild arrhythmia) were reported during the SE only 
in 20 (12.3%) patients, however, they did not result in the 
cessation of the SE test and resolved spontaneously.

Characteristics of patients depending 
on haemodynamic type of aortic stenosis
The patients included in the registry (MPG at rest 
<40 mm Hg) were divided into subgroups depending on 
the hemodynamic type of the valve defect based on the 
resting SVI, LVEF and AVA measurements.

Group A involved LG AS with AVA <1 cm2, including pa-
tients with SVI <35 ml/m2 and EF <50%, SVI <35 ml/m2 and 

LVEF >50% as well as SVI >35 ml/m2 and LVEF >50%, that 
form the A1, A2 and A3 subgroups, respectively. The re-
maining LG AS patients with AVA above 1 cm2 formed group 
B which comprised subjects with reduced LVEF <50%, and 
group C involving patients with LVEF >50% (Figure 2).

The A1 subgroup involved 81 (56.2%) patients with 
a classical LFLG AS.

The A2 subgroup involved 25 (17.4%) patients with 
a paradoxical LFLG AS.

The A3 subgroup involved 14 (9.7%) patients with 
normal flow, low gradient (NFLG) AS. 

Group B was formed by 20 LG AS patients (13.9%) with 
an AVA above 1 cm2 at rest (1.0 to 1.2 cm2) and LV impair-
ment.

The remaining patients, 4 (2.8%), with an LG AS and 
AVA above 1 cm2 (1.1–1.2 cm2) at rest and LVEF >50% 
represented group C.

Table 2 shows the differences in hemodynamic and 
echocardiographic parameters measured at rest and peak 
exercise in the groups/subgroups defined based on the 
haemodynamic type of aortic stenosis.

It was demonstrated that more patients with severe 
LG AS belonged to the A1 and A2 subgroups, while the 
B subgroup involved more patients with moderate AS 
(P <0.001). Of the patients with a hemodynamic type of 
severe LG AS (n = 120), 67.5% subjects presented classical 
LFLG AS (A1 subgroup); 21.3% had a paradoxical LFLG 
AS (A2); and 7.5% had NFLG AS (A3 subgroup) with an 
AVA <1 cm2, while 3.7% of patients had a borderline AVA 
(1–1.2 cm2). 

Characteristics of patients according 
to the transaortic flow 
Of the 163 AS patients, 128 subjects had a reduced SVI (LF 
AS group – SVI <35 ml/m2); 35 patients had normal SVI (NF 
AS group; SVI >35 ml/m2). The most common co-morbid-
ities in both groups were arterial hypertension and CAD. 

Table 1. Differences in the echocardiographic and haemodynamic parameters between stress and resting tests by the severity of aortic 
stenosis (absolute deltas unadjusted for the baseline measurement)

Moderate AS
(n = 27)

Pseudo- 
severe AS

(n = 33)

Severe AS
(n = 89)

P — overall test Moderate 
vs pseudo- 

-severe

Moderate vs 
severe

Pseudo-seve-
re vs severe

HR, mean (SD), bpm 31.2 (24.5) 23.1 (17.1) 23.5 (15.3) 0.14 — — —

SBP, mean (SD),  mm Hg 8.5 (16.1) 15.0 (13.4) 11.1 (19.1) 0.39 — — —

DBP, mean (SD),  mm Hg –0.9 (12.8) 0.9 (8.6) 1.6 (11.8) 0.64 — — —

LVEF, mean (SD), % 7.8 (6.4) 8.8 (5.5) 8.7 (6.4) 0.82 — — —

Pmax, mean (SD),  mm Hg 13.6 (14.2) 13.5 (9.6) 23.6 (13.0) <0.001 0.99 0.001 0.001

MPG, mean (SD),  mm Hg 9.5 (8.2) 8.3 (6.2) 15.3 (8.2) <0.001 0.82 0.003 <0.001

VTI LVOT, mean (SD), cm 2.50 (2.4) 7.25 (5.32) 2.92 (4.14) <0.001 0.003 0.92 <0.001

VTI LVOT / VTI AV, mean 
(SD)

0.04 (0.06) 0.08 (0.09) 0.02 (0.06) 0.001 0.21 0.47 0.001

AVA, mean (SD), cm2 0.12 (0.22) 0.32 (0.14) 0.02 (0.13) <0.001 <0.001 0.008 <0.001

SV, mean (SD), ml 11.7 (10.8) 20.3 (10.4) 13.8 (10.2) 0.002 0.005 0.64 0.007

ET, mean (SD), ms –15.0 (33.4) –38.8 (51.7) –39.7 (46.5) 0.06 — — —

Abbreviations: AS, aortic stenosis; AV, aortic valve; AVA, aortic valve area; DBP, diastolic blood pressure; ET, ejection time; HR, heart rate; LVEF, left ventricle ejection fraction; 
LVOT, left ventricle outflow tract; MPG, mean transvalvular gradient; Pmax, maximal transvalvular gradient; SBP, systolic blood pressure; SV, stroke volume; VTI, time velocity 
integral
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The LF AS group included more patients with a severe AS 
(78 [60.9%] vs 11 [31.4%] patients; P <0.002).

Table 3 shows the absolute differences in the hemo-
dynamic and echocardiographic parameters measured 
in the resting and stress conditions in LF AS and NF 
AS groups.

Stress echocardiography test results and clinical 
interventions
Comparison of the severe, moderate and pseudo-
severe subgroups by the intervention
In total, 142 patients were followed up for potential qual-
ification to aortic valve interventions (AVI) including TAVI, 
BAV (balloon aortic valvuloplasty), AVR. Sixty-three (44.4%) 

patients underwent an aortic valve intervention. No inter-
vention was performed in 79 (55.6%) patients. The median 
follow-up time in the overall cohort was 208 days (inter-
quartile range, 73–531 days). However, all interventions 
were performed between 3-303 days after stress echo test.

During the follow-up, 63 (84%) patients from the severe 
group (n = 75), when defined based on the results of the 
stress echo test, qualified for the aortic valve procedures 
(TAVI, BAV, AVR); 52 (69.3%) underwent AVI; 5 (6.7%) pa-
tients were awaiting intervention; while 6 (8%) subjects did 
not consent to undergo AVI. Twelve (16%) patients from the 
severe group did not undergo aortic valve intervention.

In the moderate group (n = 26), aortic valve interven-
tion (along with coronary arteries revascularisation) was 

Figure 2. Distribution of low-gradient aortic stenosis patients by the haemodynamic type of the defect (n = 144). Group A: AVA <1.0 cm2, 
Group B: AVA >1.0 cm2, LVEF <50%. Group C: AVA >1.0 cm2, LVEF >50%. Subgroup A1: classical LFLG AS. Subgroup A2: paradoxical LFLG AS. 
Subgroup A3: NFLG AS.

Abbreviations: AVA, aortic valve area; LF, low flow, NF, normal flow, LG, low gradient

Subgroup A1 (classical LF-LG AS) — 56.2% 
Subgroup A2 (paradoxical LF-LG AS) — 17.4% 
Subgroup A3 (normal �ow LG AS) — 9.7%

Group (A, B, C)           n = 144

Group A — 83.3%
Group B — 13.9%
Group C — 2.8%

Group A           n = 120

120

20

4

81

14

25

Table 2. Differences in echocardiographic and haemodynamic measurements between the stress and resting conditions by the haemodyna-
mic type of the low-gradient aortic stenosis (absolute deltas, unadjusted for the baseline)

A1
(n = 81)

A2
(n = 25)

A3
(n = 14)

B
(n = 20)

P overall 
test

A1 vs A2 A1 vs A3 A1 vs B A2 vs A3 A2 vs B A3 vs B

HR, mean (SD), bpm 22.5 (15.3) 26.2 (21.3) 26.7 (20.9) 35.3 (27.4) 0.09 — — — — — —

SPB, mean (SD), mm Hg 11.4 (16.9) 17.1 (16.9) 4.5 (17.8) 3.3 (15.50 0.05 0.52 0.61 0.26 0.21 0.06 1.00

DBP, mean (SD), mm Hg 1.0 (11.6) 6.1 (7.2) 1.2 (12.1) –2.1 (12.3) 0.13 — — — — — —

LVEF, mean (SD), % 8.8 (6.1) 8.0 (6.9) 5.8 (9.2) 8.2 (4.1) 0.46 — — — — — —

Pmax, mean (SD), 
mm Hg

17.5 (12.6) 23.5 (12.6) 26.6 (17.2) 13.8 (16.1) 0.01 0.22 0.10 0.71 0.90 0.09 0.040

MPG, mean (SD), 
mm Hg

11.5 (8.5) 14.0 (11.5) 13.6 (11.5) 10.6 (9.5) 0.45 — — — — — —

VTI LVOT / VTI AV  
mean (SD)

0.03 (0.07) 0.07 (0.12) 0.02 (0.14) 0.05 (0.05) 0.32 — — — — — —

AVA, mean (SD), cm2 0.10 (0.20) 0.12 (0.29) 0.19 (0.14) 0.07 (0.21) 0.37 — — — — — —

SV, mean (SD), ml 14.3 (11.7) 13.8 (9.8) 11.6 (10.8) 13.4 (10.1) 0.86 — — — — — —

ET, mean (SD), ms –32.5 (40.0) –2.6 (47.3) –74.6 (70.1) –15.4 (25.3) 0.002 0.76 0.007 0.47 0.14 0.21 0.002

Abbreviations: see Table 1 and Figure 2
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Table 3. Differences in the echocardiographic and haemodynamic measurements between stress and resting conditions by trans-aortic flow 
(absolute deltas)

LF AS n = 128
(SVI <35 ml/m2)

NF AS n = 35
(SVI ≥35 ml/m2)

P

HR, mean (SD), bpm 26.2 (18.2) 24.8 (18.9) 0.69

SBP, mean (SD), mm Hg 8.4 (17.4) 11.8 (17.3) 0.35

DBP, mean (SD), mm Hg –0.1 (12.3) 1.5 (11.3) 0.50

LVEF, mean (SD), % 7.2 (7.2) 8.7 (6.0) 0.24

Pmax, mean (SD), mm Hg 19.2 (14.7) 18.8 (13.4) 0.87

MPG, mean (SD), mm Hg 11.0 (8.5) 12.4 (8.5) 0.40

VTI LVOT/ VTI, mean (SD) 0.04 (0.10) 0.04 (0.08) 0.97

AVA, mean (SD), cm2 0.20 (0.18) 0.08 (0.22) 0.004

SV, mean (SD), ml 11.6 (11.8) 14.2 (11.2) 0.22

ET, mean (SD), ms –48.3 (59.3) –31.5 (41.5) 0.07

Abbreviations: LF, low flow; NF, normal flow. Other abbreviations: see Table 1 

performed in as few as 4 patients (15.4%), while 22 (84.6%) 
did not undergo intervention.

During the follow-up, only 3 (10%) out of 30 patients 
in the pseudo-severe subgroup underwent intervention 
(TAVI) with associated revascularization of coronary arter-
ies. One patient (3.3%) did not consent to intervention. In 
total, 27 (86.7%) of the patients in the pseudo-severe group 
did not undergo aortic valve intervention. 

After exclusion non-conclusive results, the final diag-
nosis of severe AS based on the SE test result contributed 
to the appropriate selection of interventional treatment, 
much more frequent in this group of patients compared 
to the subgroups: with moderate or pseudo-severe AS (P 
<0.0001). 

Regarding the SE test results, the patients with severe 
AS group were more often scheduled for the AVR procedure 
(25 patients; 33.3%; including one awaiting patient) com-
pared to the pseudo-severe (0) and moderate subgroups 
(1 subject; 3.8%; P <0.0001).

Similarly, patients in the severe AS group, defined on 
the results of the SE test, were more often qualified for the 
TAVI procedure (31 patients; 41.3%; including 3 awaiting 
patients) compared to the pseudo-severe (3 patients; 9.7%) 
and moderate subgroups (2 subjects; 7.4%; P <0.003).

In total, only 7 patients underwent the BAV procedure, 
including 5 patients in the severe group, as a bridge therapy 
(P = 0.381).

DISCUSSION
This study demonstrated that in Polish hospitals, SE was 
performed in accordance with the European guidelines for 
valvular heart disease. The most common indication for SE 
was classical LFLG-AS. SE testing was safe, with a low rate 
of side-effects being reported. The information provided 
by SE was useful in decision-making on the interventional 
treatment of LG-AS.

Data obtained from a recent Pol-STRESS ECHO registry 
show that stress echocardiography performed in valvular 
heart diseases accounts for 4.4% of all echocardiographic 
stress tests in Poland, with low gradient AS and asympto-

matic AS being the most frequent underlying reasons for 
this diagnostic approach [11]. Analogous data from the 
European Registry VHD II demonstrated similar numbers for 
Western Europe (5.4%, including 3.1% in AS), and a much 
lower proportion of stress echo with “valvular” indications 
in Eastern European countries reaching only 0.6% [13].

AS is the most common valvular heart disease leading 
to surgery or catheter intervention, and its prevalence has 
increased when comparing the results of VHD and VHD II 
registries [13, 14]. 

According to the guidelines, the indications for SE in 
AS are the verification of asymptomatic status in patients 
with no determined timing of surgery (exercise) or clarifi-
cation of stenosis severity in the setting of a low-flow state 
(dobutamine) [2, 4, 5, 6, 11, 14].

Numbers, settings, safety of Pol-LAS-SE registry
The present registry included 163 patients from 16 centers 
in Poland. The most frequently used modality was stress 
with dobutamine, and only in the minority of cases (3.7%), 
an exercise test was conducted. It should be underscored 
that the collection of data for the registry started in 2016, 
i.e. before the publication of updated recommendations 
that limited the use of DSE to the classical LFLG-AS. Thus, 
this is the reason why a number of DSE tests were carried 
out in the paradoxical type of LFLG-AS. In the vast majority 
of patients (86%) SE was conclusive, significantly adding 
to the diagnostic process and facilitating subsequent de-
cision making. Even though coronary artery disease was 
diagnosed in 63.6% of patients, including 36.8% with mul-
tivessel disease, the rate of SE-associated adverse events 
was low. In our report, 87.7% of patients completed the 
test without any complications, while serious arrhythmias 
in the form of unstable ventricular tachycardia occurred 
only in 0.6% of patients. 

In our registry, the median time between DSE and 
invasive treatment was 208 days (interquartile range, 
73–531 days). This result has several reasons: the beginning 
of the diagnostic pathway, the need for diagnosis and 
treatment of concomitant diseases (i.e. gastrointestinal 
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Table 4. Haemodynamic characteristics of pseudosevere aortic stenosis group at baseline and during the dobutamine stress echocardiography

Pseudo-severe AS REST STRESS P

HR, mean (SD), bpm 73.9 (10.9) 97.0 (20.6) <0.0001

SPB, mean (SD), mm Hg 131.5 (14.4) 146.5 (17.3) <0.0001

DBP, mean (SD), mm Hg 78.0 (11.0) 78.9 (14.1) 0.587

Pmax, mean (SD), mm Hg 36.7 (13.5) 50.2 (14.3) <0.0001

MPG, mean (SD), mm Hg 20.5 (6.6) 28.8 (8.5) <0.0001

VTI AV, mean (SD), cm 63.4 (17.8) 68.3 (16.8) 0.032

VTI LVOT, mean (SD) 18.8 (4.7) 26.0 (8.0) <0.0001

VTI LVOT / VTI AV, mean (SD) 0.305 (0.112) 0.383 (0.077) <0.0001

AVA, mean (SD), cm2 0.89 (0.09) 1.21 (0.17) <0.0001

SV, mean (SD), ml 57.1 (15.8) 77.4 (19.4) <0.0001

ET, mean (SD), ms 305.8 (39.7) 266.9 (53.7) 0.0002

Abbreviations: see Table 1

bleeding, hyperthyroidism, lower leg skin ulceration, etc.) 
and the initial refusal of surgical treatment, especially in 
patients with minor symptoms. However, the waiting time 
for TAVI is long.

Interpretation of SE results 
A prerequisite for a reliable interpretation of DSE in LFLG-
AS is the presence of contractility reserve. Its reduction 
due to LV scaring or fibrosis may complicate determining 
the degree of stenosis because of the inability to suffi-
ciently increase SV, i.e. by >20%. In the current registry, the 
presence of flow (contractile) reserve was demonstrated 
in 111 subjects (68.5%). Despite the lack of adequate 
increase in LV flow in response to dobutamine, the test in 
the vast majority of remaining subjects was interpreted 
as diagnostic, and 75 patients were finally diagnosed with 
severe aortic stenosis and scheduled for interventional 
treatment. The final interpretation of AS severity in the 
group without contractility reserve was done arbitrarily 
by the echocardiographer based on the comprehensive 
patient assessment including both imaging and clinical 
data i.e. borderline gradient or SV, significant valvular 
calcification, presence of AF, age, etc. Eventually, severe 
low gradient AS requiring valvular intervention was diag-
nosed in 89 patients (54.6%). This registry showed that the 
calculation of projected AVA — an alternative approach 
permitting in some patients unable to increase SV by 20% 
a conclusive evaluation with DSE — is not a standard part 
of diagnostic strategies assessing AS severity in Poland.

There was no statistically significant difference in 
dobutamine dose among the groups identified on the 
basis of stenosis severity. However, the response of sys-
tolic and diastolic blood pressure to the administration 
of dobutamine was blunted in patients with severe AS, 
which is consistent with the progression of hemodynamic 
disturbances with an increasing stenosis degree. 

The stress-assisted diagnosis of severe aortic stenosis 
was most common in the classical (67.5%) and paradoxical 
low-flow low gradient AS categories (21.3%). In recent 
years, the latter group has been of particular interest to 

clinicians because of the challenges associated with ade-
quate quantification of AS severity and prognostic strati-
fication. In our registry, the prevalence of paradoxical low 
flow severe AS diagnosed with stress echocardiography 
was higher than previously published rates of 3%–13% 
[16–18]. The reason for this difference might be the fact that 
the presented data from our registry were direct findings 
from DSE, with no further verification by other imaging 
modalities or intraoperative inspection as was the case 
with the above-referenced studies.

Pol-LAS-SE results and the decision 
for interventional treatment
The crucial importance of stress echocardiography is to 
help in the decision-making for interventional treatment. 
Accordingly, the final diagnosis of severe AS, being an indi-
cation for surgery or catheter intervention, was established 
in 84% of patients from our registry. Another contribution 
from SE to the diagnostic process was the distinction 
between trivial and moderate AS in patients undergoing 
surgical revascularization since in this case concomitant 
aortic valve replacement should be considered when con-
firming moderate AS [5]. In our registry, this scenario took 
place in 15.4% of patients diagnosed to have moderate AS. 

The most interesting group is the pseudosevere AS. 
These patients are rarely referred for surgery after the stress 
test. However, SE in this subset might provide meaningful 
information by examining whether there is “stretch” in 
AVA (Table 4).

Limitations
The SE protocols used by the participating centers did not 
include some of the echocardiographic parameters pro-
posed for the assessment of aortic valve hemodynamics, 
such as transvalvular flow rate and projected AVA, which 
might improve the accuracy of the diagnostic process. As 
all of 16 participating centers were recruited on a volun-
tary basis, the data may not be fully representative of the 
entire country, however, the majority of university centers 
in Poland were involved.
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Conclusions
SE used in Polish cardiology centers proved to be a valuable 
diagnostic procedure in the evaluation of patients with 
LFLG-AS, delivering relevant information in the context 
of subsequent patient management, especially valvular 
interventions.  

The proportion of non-diagnostic/inconclusive tests 
unable to stratify the severity of aortic stenosis was low.

The protocols of SE used in Polish cardiology centers 
were in line with the European guidelines for valvular 
heart disease.

The SE-related adverse events of the stress test in pa-
tients with aortic stenosis were rarely reported and SE did 
not require discontinuation.

Supplementary material
Supplementary material is available at: https://journals.
viamedica.pl/kardiologia_polska.
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Atrial fibrillation risk scores to evaluate left atrial substrate 
based on voltage analysis in long-standing persistent type  
of arrhythmia

Radosław Marek Kiedrowicz, Maciej Wielusiński, Andrzej Wojtarowicz, Jarosław Kaźmierczak

Cardiology Department, Pomeranian Medical University, Szczecin, Poland

A B S T R A C T 
Background: Pre-ablation identification of left atrial (LA) low voltage areas (LVA) among long-standing 
persistent atrial fibrillation (LSPAF) population remains challenging. 

Aims: The aim of the study was to analyze the potential of selected scores originally developed to assess 
arrhythmia recurrences, thromboembolic complications, or progression from paroxysmal to persistent 
AF to predict the presence of LA-LVA in LSPAF patients.

Methods: One hundred and fifty-two  patients underwent pulmonary vein isolation followed by 
high-density-high-resolution LA voltage mapping. AF risk scores, such as APPLE, ATLAS, CAAP-AF, DR- 
-FLASH, CHA2DS2-VASc, and HATCH were retrospectively calculated. A receiver operating characteristic 
curve analysis was performed to evaluate the ability of the scores to predict LVA.

Results: Low voltage areas were detected in 52% of the patients. 28% of the patients with LVA presented 
severe global LVA burden, whereas 56% of the patients showed a disseminated pattern of remodeling. 
CAAP-AF ≥7, DR-FLASH ≥4, and CHA2DS2-VASc ≥3 predicted the presence of LVA, whereas ATLAS ≤7 in-
dicated the absence of LVA. ATLAS ≤8, CAAP-AF ≤9, DR-FLASH ≤4, and CHA2DS2-VASc ≤3 predicted the 
absence of severe LVA. APPLE ≤3 and CHA2DS2-VASc ≤2 predicted the absence of a LVA disseminated 
pattern. Among predictive scores, ATLAS (AUC, 0.633, 95% CI, 0.543–0.723, P = 0.004), DR-FLASH (AUC, 
0.696; 95% CI, 0.594–0.81; P <0.001), and CHA2DS2-VASc (AUC, 0.644; 95% CI 0.518–0.77; P = 0.025) were 
the best predictors for the absence of LVA, severe LVA and a disseminated pattern of LVA, respectively.

Conclusions: Atrial fibrillation risk stratification with specific scoring systems can unmask the presence 
of LA-LVA in the LSPAF population.

Key words: atrial fibrillation, atrial fibrillation risk scores, long-standing persistent atrial fibrillation, low 
voltage areas, voltage mapping

Kardiol Pol 2021; 79, 5: 525–530

INTRODUCTION
Important variables associated with atrial fibrillation (AF) 
pathogenesis and commonly considered for fibrotic re-
modeling are low voltage areas (LVA) in the left atrium (LA), 
detected by bipolar voltage mapping [1]. The pre-ablation 
identification of LVA could essentially contribute to a choice 
of particular individualized AF therapy, unmasking patients 
who are unlikely to remain in sinus rhythm or require exten-
sive substrate modification. However, parameters predict-
ing LVA burden are yet to be established, especially among 
the long-standing persistent AF (LSPAF) population [2]. This 
study aimed to analyze the potential of selected, easily 
applicable clinical scores originally developed to assess 

arrhythmia recurrences after AF ablation, thromboembolic 
complications, or progression from paroxysmal to persis-
tent AF to predict the presence of LVA in LSPAF patients.

METHODS

Patient selection
One hundred and sixty-six consecutive LSPAF patients 
who underwent RF point-by-point pulmonary vein iso-
lation (PVI) were enrolled prospectively. Direct current 
cardioversion was applied to restore sinus rhythm in all 
patients following PVI. Only individuals able to maintain 
sinus rhythm (n = 152, 92% of the total study popula-
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W H A T ’ S  N E W ?
This study aimed  to analyze the potential of selected clinical scores to predict the presence of left atrial low voltage areas 
(LA-LVA), detected by invasive voltage mapping during catheter ablation in long-standing persistent AF patients. The study 
population included 152 patients who underwent pulmonary vein isolation (PVI), a widely accepted treatment strategy for AF. 
It was found that some AF risk scores significantly predicted LA-LVA before ablation. Among those scores, ATLAS, DR-FLASH, 
and CHA

2
DS

2
-VASc were the best predictors for the absence of LVA, severe LVA, and the disseminated pattern of LVA, respec-

tively. These findings could help to identify individuals requiring both less and more extensive ablation to modify the LA-LVA 
substrate, in addition to PVI when an ablation strategy is chosen. 

tion) were included in the analysis. To assess the large 
unselected LSPAF population, the only factors that might 
significantly alter the accuracy of LVA burden detection 
were taken into account as exclusion criteria. Therefore, 
only patients with a history of an AF ablation procedure 
or any cardiac surgery, severe valvular disease, or a me-
chanical valve were excluded. All antiarrhythmic drugs 
were discontinued for at least five half-lives before abla-
tion. Beta-blockers were allowed throughout the study 
(n = 103). The study protocol was approved by a local 
institutional review board and all patients provided writ-
ten informed consent.

AF risk scores selection and calculation
It was decided to only assess those AF risk scores that 
could be simply calculated. Only scores incorporating 
non-invasive parameters collected with widely available 
techniques and calculated without dedicated software 
were selected. In order to focus on the pre-ablation 
identification of LVA, risk scores requiring the assessment 
of post-ablation arrhythmia recurrence were excluded. 
Therefore clinical scores were applied as follows: APPLE 
(based on Age >65 years, Persistent AF, impaired glo-
merular filtration rate <60 ml/min/1.73 m2, LA diameter 
≥43 mm, Ejection fraction <50%) [3], ATLAS (based on 
Age >60 years, persistent AF Type, indexed Left Atrial 
volume, female Sex, and current Smoking) [4], CAAP-AF 
(based on Coronary artery disease, Atrial diameter, Age 
>70 years, Persistent or long-standing AF, number of 
Antiarrhythmic drugs failed and Female sex) [5] and DR-
FLASH (based on Diabetes mellitus, Renal dysfunction, 
persistent AF type, LA diameter >45 mm, Age >65 years, 
female Sex, and Hypertension) [6], which were originally 
developed to assess arrhythmia recurrences after AF 
ablation. Moreover, the CHA2DS2-VASc score (based on 
Congestive heart failure, Hypertension, Age >75 years, 
Diabetes, previous Stroke or transient ischemic attack, 
Vascular disease, Age >65 years, and female Sex) [7] de-
signed to predict thromboembolic AF complications and 
the HATCH score (based on Heart failure, Age >75 years, 
previous Transient ischemic attack or stroke, Chronic 
obstructive pulmonary disease, and Hypertension) [8] 
to predict a progression from paroxysmal to persistent 
AF, were included as general scores.

Detection of LVA
All patients underwent high density-high resolution LA 
bipolar voltage mapping using the CARTO®3 system fitted 
with a CONFIDENSE™ module (Biosence-Webster). This map-
ping protocol is described in detail elsewhere [2]. Briefly, 
this was performed during coronary sinus (CS) pacing with 
a Pentaray catheter. The voltage map was created during 
CS pacing to reduce the occurrence of spontaneous atrial 
ectopy and to facilitate the identification of incorrectly an-
notated points. To ensure detailed mapping, the distance 
filling threshold was set at 5 mm, the tissue proximity filter 
was always enabled and only mapping sites that were within 
a distance of 5 mm from the acquired shell contributed to 
the voltage map. Further discrete mapping using a Ther-
mocool SmartTouch catheter (Biosence-Webster), which 
covered less than 10% of the total LA surface area (TSA) at 
sites presenting inadequate Pentaray-tissue contact, was 
performed if necessary. Electrograms (EGM) were only ac-
cepted if a contact force was ≥6 g. EGM amplitude ≥0.5 mV 
was defined as normal and <0.5 mV as diseased tissue. All 
points presenting low voltage were visually inspected and 
those incorrectly annotated were deleted from the map. 
An extension of all areas showing low voltage potentials at 
least 5 mm away from the ablation lesion set was measured 
with custom CARTO®3 system software. The global LVA 
burden was calculated as a sum of LVA and then expressed 
as a percentage of TSA. The part of the PV inside ablation 
encirclement, LA appendage and an area adjacent to the 
fossa ovalis were excluded from TSA calculations. The extent 
of global LVA burden >20% of TSA was arbitrarily considered 
as severe based on our observation that all detected LVA can 
be easily ablated if it occupies less than 20% of TSA [2]. The 
body of LA was segmented into 5 areas: septum, anterior, 
posterior, inferior, and lateral wall. If LVA were identified 
within 3 out of 5 LA segments it was considered a dissemi-
nated pattern of voltage-defined remodeling. 

Statistical analysis
All continuous variables are expressed as a median and 
interquartile range [Q1-Q3] as not normally distributed. The 
categorical variables are presented as values and percentag-
es. Comparisons between groups were performed with the 
Mann–Whitney U-test. A receiver operating characteristic 
(ROC) curve analysis was performed to evaluate the ability of 
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AF risk scores to predict LVA. The area under the ROC curve 
(AUC) was used to evaluate the accuracy of their prognostic 
values [9]. The sensitivity, specificity, positive predictive 
value and negative predictive value were calculated with 
corresponding 95% confidence intervals (CI). Optimal cut-
off points were determined by an analysis of sensitivity and 
specificity values derived from ROC curve data, prioritizing 
high sensitivity values. Hanley and McNeil’s method was 
used to compare AUC for LVA Statistical significance was 
accepted at P value < 0.05. The analysis was performed 
using Statistica software version 13.3 (StatSoft).

RESULTS
The baseline characteristics of the study population, 
which includes mean AF risk score values, are presented in  
Table 1. LVA (15 [7.5–31] cm2) were detected in 52% (79/152) 
of the patients. Twenty-eight percent of the patients with 
LVA (22/79) presented a severe global LVA burden >20% 
of the total LA surface area, whereas 56% of the patients 
(44/79), a disseminated pattern of remodeling, as 3 out 
of 5 LA segments were affected. Among the patients 
with detected LVA, 48% (38/79) had documented LVA on 
the septum (8 [3–12] cm2), 58% (46/79) on the anterior 
wall (6.5 [2–10.5] cm2], 77% (61/79) on the posterior wall 
(7.5 [4–12] cm2), 44% (35/79) on the inferior wall (6 [4–10] 
cm2), and 25% (20/79) on the lateral wall (3.5 [1.5–6] cm2). 
Patients with detected LVA and severe LVA pattern had 
higher values of ATLAS, CAAP-AF, DR-FLASH, and CHA2DS2-
-VASc scores than those without LVA (Table 2).

Predictive scores for LVA
On the ROC curve analyses, only the ATLAS, CAAP-AF, 
DR-FLASH, and CHA2DS2-VASc scores showed significant 
predictive values for LVA (Table 3, Figure 1). The CAAP-AF, 
DR-FLASH, and CHA2DS2-VASc score exhibited moderate 
positive results, whereas ATLAS offered a negative predic-
tive ability for LVA. While comparing AUC among the predic-
tive scores  no significant difference was noted. There were 
18% of the patients with ATLAS ≤ 7 (28/152), 32% (49/152) 
with CAAP-AF ≥ 7, 34% (52/152) with DR-FLASH ≥ 4, and 
24% (37/152) with CHA2DS2-VASc ≥ 3 in the LVA cohort. 

Table 1. Baseline characteristics of the study population (n = 152)

Parameters Value

AF duration, months 24 (12–36)

Age, years 63 (58–67)

Females, n (%) 27 (18)

BMI, kg/m2 30.1 (27.5–32)

Hypertension, n (%) 123 (81)

Moderate mitral regurgitation, n (%) 40 (26)

Moderate tricuspid regurgitation, n (%) 29 (19)

Chronic coronary syndrome, n (%) 34 (22)

Prior myocardial infarction, n (%) 11(7)

Heart failure, n (%) 38 (25)

eGFR <60 ml/min/1.73 m2, n (%) 17 (11)

Diabetes, n (%) 32 (21)

Hyperthyroidism, n (%) 17 (11)

LVEF, % 60 (55–65)

LA antero-posterior diameter, mm 47 (44–50)

LAAI, cm2/m2 13.0 (11.6–15.5)

LAVI, ml/m2 47.0 (37.7–59.4)

Enlarged LA (LAVI >34 ml/m2), n (%) 124 (82)

Severely enlarged LA (LAVI >48 ml/m2), n (%) 65 (43)

APPLE score 2 (2–3)

ATLAS score 8 (7–10)

CAAP-AF score 7 (6–8)

DR-FLASH score 4 (3–5)

CHA2DS2-VASc score 2 (1–3)

HATCH score 1 (1–2)

Abbreviations: AF, atrial fibrillation; BMI, body mass index; eGFR, estimated glome-
rular filtration rate; LA, left atrium; LAAI, left atrial area index; LAVI, left atrial volume 
index; LVEF, left ventricular ejection fraction

Table 2. Comparison of atrial fibrillation risk scores among different left atrial low voltage areas patterns

LVA (+)
n = 79

LVA (–)
n = 73

P Severe LVA (+)
n = 22

Severe LVA (–)
n = 130

P Disseminated 
LVA pattern (+)

n = 44

Disseminated LVA 
pattern (–)

n = 108

P 

APPLE 2 (2–3) 2 (2–3) 0.39 2 (2–3) 2 (2–3) 0.89 2 (2–3) 3 (3–4) 0.02

ATLAS 8 (7–11) 7 (6–10) 0.005 9 (8–11) 7 (6–10) 0.004 8 (6–10) 8 (7–11) 0.50

CAAP-AF 7 (6–8) 6 (5–8) 0.04 8 (6–9) 7 (5–8) 0.01 7 (6–8) 7 (6–8) 0.58

DR-FLASH 4 (3–5) 3 (3–4) 0.02 4 (4–5) 4 (3–4) 0.003 4 (3–5) 4 (3–5) 0.65

CHA2DS2-VASc 3 (2–3) 2 (1–3) 0.001 3 (2–4) 2 (1–3) 0.001 2 (1–3) 3 (2–3) 0.09

HATCH 1 (1–2) 1 (1–2) 0.36 1 (1–2) 1 (1–2) 0.66 1 (1–2) 1 (1–2) 0.95

Abbreviations: LVA, left atrial low voltage areas

Predictive scores for severe LVA
On the ROC curve analyses, only ATLAS, CAAP-AF, DR-
FLASH, and CHA2DS2-VASc scores showed significant pre-
dictive values for severe LVA (Table 4, Figure 2). However, all 
scores presented a high negative association. Areas under 
the ROC-curve, which were ATLAS, CAAP-AF, DR-FLASH and 
CHA2DS2-VASc suggested moderate discriminative power, 
but in the case of CHA2DS2-VASc the highest values. In the 
comparison of AUC among the predictive scores  no signifi-
cant difference was observed. It was noted that 7% (10/152) 
of the patients with ATLAS ≤8, 12% (18/152) with CAAP-AF 
≤9, 9% (13/152) with DR-FLASH ≤4, and 9% (13/152) with 
CHA2DS2-VASc ≤3 within the severe LVA cohort.
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Table 3. Receiver operating characteristic curve analysis to compare the ability of atrial fibrillation risk scores to predict the presence of 
absolute left atrial low voltage areas

AUC 95% CI P Best cut-off value Accuracy Sensitivity Specificity PPV NPV

APPLE 0.54 0.449–0.632 0.39 2 0.539 0.937 0.890 0.532 0.615

ATLAS 0.633 0.543–0.723 0.004 7 0.632 0.844 0.632 0.604 0.707

CAAP-AF 0.596 0.506–0.686 0.04 7 0.579 0.620 0.466 0.590 0.565

DR-FLASH 0.61 0.521–0.699 0.02 4 0.586 0.658 0.493 0.591 0.578

CHA2DS2-VASc 0.657 0.571–0.743 <0.001 3 0.618 0.506 0.260 0.678 0.581

HATCH 0.543 0.451–0.634 0.36 1 0.539 0.899 0.849 0.534 0.579

Abbreviations: AUC, area under the receiver operating characteristic curve; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value
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Figure 1. A comparison of atrial fibrillation risk scores for the pre-
diction of low voltage areas 

Figure 2. A comparison of atrial fibrillation risk scores for the pre-
diction of severe low voltage areas

Table 4. Receiver operating characteristic curve analysis to compare the ability of atrial fibrillation risk scores to predict the presence of 
severe left atrial low voltage areas

AUC 95% CI P Best cut-off value Accuracy Sensitivity Specificity PPV NPV

APPLE 0.491 0.359–0.623 0.89 5 0.859 0.045 0 1.0 0.858

ATLAS 0.693 0.58–0.8 <0.001 8 0.535 0.810 0.512 0.215 0.937

CAAP-AF 0.672 0.542–0.789 0.005 9 0.810 0.333 0.107 0.350 0.885

DR-FLASH 0.696 0.594–0.81 <0.001 4 0.528 0.875 0.529 0.20 0.950

CHA2DS2-VASc 0.748 0.653–0.878 <0.001 3 0.683 0.714 0.322 0.278 0.932

HATCH 0.529 0.413–0.644 0.62 1 0.275 1.0 0.851 0.169 1.0

Abbreviations: see Table 3

Predictive scores for a disseminated pattern of LVA
On the ROC curve analyses, only APPLE and CHA2DS2-

VASc scores showed significant predictive values for a dis-
seminated pattern of LVA (Table 5, Figure 3). Each score 
exhibited a moderately negative predictive ability for LVA. 
No significant difference was observed between the scores 
when AUC were compared. It was noted that 7% (10/152) of 
the patients with APPLE ≤3, and 3% (5/152) with CHA2DS2-
-VASc ≤2 in this group.

DISCUSSION
Many studies have demonstrated that there is a strong asso-
ciation between LVA and AF duration and adverse ablation 

outcomes [1]. Therefore, the persistence of AF is a common 
component of scores to assess arrhythmia recurrences fol-
lowing AF ablation, including APPLE, ATLAS, CAAP-AF, and 
DR-FLASH scores. However, as noted here, LSPAF diagnosis 
does not necessarily equate to extensive voltage-derived LA 
remodeling. The present study focused on the evaluation 
of multiple AF risk scores, and whether they have any pre-
dictive ability to detect voltage-based LA substrate among 
large, unselected LSPAF cohort. It was found that:
•	 CAAP-AF ≥7, DR-FLASH ≥4, and CHA2DS2-VASc ≥3 pre-

dicted the presence of LVA whereas ATLAS ≤7, the 
absence of LVA. Among the scores, the ATLAS score 
showed the highest sensitivity and specificity;
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•	 The ATLAS ≤8, CAAP-AF ≤9, DR-FLASH ≤4, and CHA2DS2-
-VASc ≤3 predicted the absence of severe LVA. Among 
the scores, the DR-FLASH score showed the highest 
sensitivity and specificity;

•	 The APPLE ≤3 and CHA2DS2-VASc ≤2 predicted the 
absence of a disseminated pattern of  LVA. Among the 
scores, the CHA2DS2-VASc score showed the highest 
sensitivity and specificity;

•	 The HATCH score neither predicted LVA, nor severe or 
the disseminated pattern of LVA.
To date, only the DR-FLASH score has been developed 

primarily to directly predict LVA in AF patients [6]. This has 
been also recently verified [10]. The most notable increase 
in the dimension of LVA was observed in patients with DR-
FLASH scores >3 [6] and a mean DR-FLASH score of 5 was 
observed among patients with LVA [10]. Moreover, it was 
recently shown that the APPLE score can be useful to detect 
LVA [10, 11]. A mean APPLE score of 5 was observed among 
patients with LVA [10]. Of note, all of the abovementioned 
research included paroxysmal and persistent, but not 
long-standing persistent AF patients [6, 10, 11]. This seems 
to be a main cause for the diverse or discrepant results 

achieved in our study. The predictive ability of other AF risk 
scores, such as ATLAS, CAAP-AF, CHA2DS2-VASc, and HATCH 
for the estimation of the electro-anatomical substrate was 
yet to be used to date. 

All assessed AF risk scores, excluding the HATCH score, 
were useful to detect voltage-based LA remodeling. How-
ever, individual scores applying distinct components were 
able to detect the various extent of LVA. In addition, many 
of these presented high negative predictive values, mean-
ing that they perform better as  part of a “rule-out” test. It 
seemed clear that such variations between the scores, in 
terms of their predictive value, show that the development 
and progression of LVA are most likely multifactorial with 
a potential interplay between contributing factors. That is 
the reason why there is no universal risk score to predict the 
presence and extent of LVA. The only common parameter 
included in all 6 scores was patient age (60–75 years).We 
believe that a major reason that resulted in a HATCH score 
was the unhelpful fact of unmasking patients with LVA, 
which did not include female sex and/or LA size, which were 
integral components of the other scoring system (however, 
female sex was not incorporated into the APPLE score). 
Female sex was recently considered a strong risk factor in 
the development of LA substrate in AF patients. Females 
might probably present with clinical AF at a later state 
of fibro-fatty infiltration, which could explain the higher 
presence of electro-anatomical substrate among them [2]. 

In the current study, we found that some AF risk scores 
significantly predicted LA LVA before catheter ablation 
among LSPAF patients. This could help to identify individ-
uals who require PVI alone, minor substrate modification, 
or extensive substrate modification in addition to PVI when 
an ablation strategy is chosen. This finding may essentially 
contribute to tailored AF therapy when considering a cath-
eter ablation as a potential treatment strategy.

Limitations
The accuracy of LA voltage mapping might have been 
influenced by several factors, such as mapping during CS 
pacing, following PVI, using voltage cut-off values <0.5 mV, 
or due to functional voltage reduction related to the elec-
trical stunning caused by long-lasting AF.

We cannot exclude the possibility that the overall LVA 
burden might have been altered due to the exclusion 

Table 5. Receiver operating characteristic curve analysis to compare the ability of AF risk scores to predict the presence of a disseminated 
pattern of left atrial low voltage areas

AUC 95% CI P Best cut-off value Accuracy Sensitivity Specificity PPV NPV

APPLE 0.69 0.526–0.864 0.02 3 0.572 0.769 0.446 0.139 0.963

ATLAS 0.557 0.397–0.717 0.48 7 0.342 0.923 0.712 0.108 0.976

CAAP-AF 0.546 0.378–0.715 0.59 8 0.638 0.462 0.346 0.111 0.969

DR-FLASH 0.539 0.367–0.71 0.66 6 0.868 0.154 0.065 0.182 0.922

CHA2DS2-VASc 0.644 0.518–0.77 0.03 2 0.388 0.923 0.662 0.115 0.979

HATCH 0.506 0.335–0.676 0.95 2 0.632 0.385 0.345 0.094 0.919

Abbreviations: see Table 3

0.0

0.2

0.4

0.6

0.8

1.0

0.0

Se
ns

iti
vi

ty

1-speci�city

0.2 0.4 0.6 0.8 1.0

APPLE

ATLAS

CAAP-AF

DR-FLASH

CHA2DS2-VASc

HAATCH

Figure 3. A comparison of atrial fibrillation risk scores for the pre-
diction of a disseminated pattern of low voltage areas
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of patients unable to maintain sinus rhythm, presenting 
LAA thrombus, or if another method of LVA detection had 
been applied.

Women were underrepresented in this study.

CONCLUSIONS
Atrial fibrillation risk stratification with specific scoring 
systems can noninvasively unmask the presence of volt-
age-derived LA remodeling and lead to more tailored 
management in the LSPAF population. Among several 
predictive scores, ATLAS, DR-FLASH, and CHA2DS2-VASc 
scores were the best predictors for the absence of LVA, se-
vere LVA, and the disseminated pattern of LVA, respectively.
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Is the extent of left atrial fibrosis associated with body mass 
index in patients undergoing pulmonary vein isolation for 
atrial fibrillation? 
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5Faculty of Medicine, J.J. Strossmayer University in Osijek, Osijek, Croatia

A bstract     
Background: Left atrial (LA) fibrosis is associated with a higher rate of recurrence of atrial fibrillation (AF) 
after pulmonary vein isolation (PVI). Body mass index (BMI) is strongly associated with the prevalence 
of AF, but there is insufficient data about the association between BMI and LA fibrosis. 

Aims: The aim of the study was to examine the association between LA fibrosis and BMI in patients 
with AF undergoing PVI. 

Methods: In 114 patients an electro-anatomical voltage map was created using the CARTO 3 three- 
-dimensional system before PVI. The total fibrosis area (voltage criteria ≤0.5 mV), percentage, and the 
number of fibrotic areas were calculated. A general linear model was used to determine the differences 
in BMI with confounders between groups of patients with differing extents of fibrosis and numbers 
of focuses. 

Results: Advanced fibrosis was found in 53 (47%) patients, in up to 9 areas with a median of 2 and 
an interquartile range (IQR) of 0–3. The median total fibrotic area was 27.3 cm2 with an IQR of 0.1– 
–30.3 cm2. Patients were stratified by percentage of fibrotic area: <5%, 5%–20%, 20%–35%, and above 
35%; no significant difference in mean BMI was found between the groups (P = 0.57). When stratified 
by the number of fibrotic areas (0, 1, 2, and ≥3 fibrotic areas), no difference in BMI was noted between 
the groups (P = 0.67). 

Conclusions: Fibrosis of the LA, as the strongest predictor of AF recurrence after PVI, does not correlate 
with BMI in patients with AF where PVI is indicated.

Key words: atrial fibrillation, body mass index, fibrosis, pulmonary vein isolation, recurrence

Kardiol Pol 2021; 79, 5: 531–538

INTRODUCTION
Atrial fibrillation (AF) is the most common arrhythmia with 
a prevalence in the general population of 2.3%–3.4% [1]. AF 
impairs quality of life and may increase the risk of stroke, 
heart failure, and cardiovascular mortality [1]. The patho-
genesis of AF includes initiation triggers, such as rapid 
firing of ectopic foci located within the pulmonary veins 
and perpetuating substrate, and abnormal tissue of the left 
atrium (LA) [2]. Microfibrosis of the myocardium resulting in 
loss of side-to-side cell connections (coupling) and conse-
quent anisotropic electrical conduction has been proposed 

as a major mechanism for the initiation and perpetuation 
of AF [3, 4]. Increased fibrosis has been found in surgically 
obtained left atrial specimens of patients with AF [5, 6]. 

Fibrosis and scarring of the myocardial tissue result in 
a reduced voltage of the electrical signals from the affected 
area. Electro-anatomical voltage mapping (EAVM) shows 
a good correlation between pathological findings and the 
electrophysiological characteristics of fibrosis [7]. Several 
studies have shown a strong correlation between left atrial 
fibrosis and AF recurrence using EAVM. Verma et al. [8] 
used EAVM to measure the extent of LA fibrosis (<0.5 mV) 

mailto:janko.szavitsnossan@gmail.com
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W hat   ’ s  new   ?
Left atrial (LA) fibrosis is associated with a higher rate of recurrence of atrial fibrillation (AF) following pulmonary vein isolation 
(PVI), but does not correlate with age, hypertension, diabetes, or the clinical type or duration of AF. Excess body weight is strongly 
associated with the prevalence of AF, but its association with LA fibrosis has not yet been established. This study is the first to 
investigate the association between excess body weight and LA fibrosis in humans. The main result of this study was that no 
association was found between the prevalence or the extent of LA fibrosis and body mass index in patients with AF undergoing 
PVI. Further studies comparing the AF burden, presence and extent of LA fibrosis, AF recurrence after PVI, and different indices 
of obesity are needed to clarify if PVI could be routinely planned regardless of body mass index.

and its prognostic value for AF recurrence after pulmonary 
vein isolation (PVI) in 700 patients. LA scarring was the only 
predictor associated with higher AF recurrence [8]. Another 
study using EAVM prior to PVI provided strong evidence 
that LA fibrosis can be found in a significant proportion of 
patients with paroxysmal AF [9]. The presence and extent 
of atrial fibrosis did not correlate with any other potential 
risk factor (clinical type, LA diameter, age, duration of AF, 
etc.) in these studies. Kottkamp et al. suggested a new 
entity — fibrotic atrial cardiomyopathy (FACM) [10–12]. 
FACM is described as a specific preexisting chronic pro-
gressive disease of the LA predisposing patients to AF in 
the presence of modulators (inflammation, hypertension, 
obesity) and triggers (pulmonary vein foci). The authors 
suggested 5 stages of severity of fibrosis based on EAVM, 
defining normal voltage as above 1.5 mV: FACM 0 without 
any fibrosis; FACM I with moderate fibrosis (1.0–1.5 mV); 
FACM II with one area of severe fibrosis (<0.5 mV); FACM III 
with at least two areas of severe fibrosis, and FACM IV with 
severe diffuse fibrosis of the LA. 

Advanced age, hypertension, diabetes, obesity, ob-
structive sleep apnoea, and excessive alcohol consumption 
are all well-established risk factors for the development of 
AF [13]. Together with hypertension and diabetes, cigarette 
smoking, and vigorous or low physical activity are also 
associated with the risk of AF and its recurrence after PVI 
or electrocardioversion [14]. Moreover, structured weight 
reduction, abstaining from alcohol, and treatment of 
obstructive sleep apnoea significantly reduce new-onset 
and recurrence of AF after PVI [15]. Age is the strongest risk 
factor for AF. However, the histopathological study of the 
specimens from different parts of the LA collected during 
autopsies of 30 patients with AF showed no correlation 
between age and extent of fibrosis [16]. No difference in the 
extent of atrial fibrosis using late enhancement magnetic 
resonance could be found between lone AF patients and 
those with AF and co-morbidities [17]. 

Excess weight is strongly associated with the preva-
lence of AF. Wong et al. [18] estimated a 3.5%–5.3% excess 
risk of AF for every unit of body mass index (BMI) increase, 
based on a meta-analysis of 51 studies. The association of 
BMI with AF was found to be independent of hypertension, 
diabetes, and myocardial infarction [19]. Body mass index is 
a predictor of progression from paroxysmal to permanent 

AF [20]. Conversely, weight loss was found to be associated 
with greater freedom from AF, as well as with reversal of the 
type and progression of AF [21]. Several mechanisms of AF 
development in obese patients have been investigated so 
far. Could LA fibrosis also play a role? This cross-sectional 
study examined the extent of LA fibrosis in patients under-
going PVI and explored cross-sectional associations with 
BMI. The prevalence and extent of atrial fibrosis and its role 
in the AF burden in overweight and obese patients have 
not been investigated so far. 

METHODS

Patients
All patients with a history of symptomatic paroxysmal 
or persistent AF who met the inclusion and exclusion 
criteria were consecutively included in this prospective 
observational study immediately before the planned PVI 
procedure. The exclusion criteria included: permanent 
AF, previous PVI, left ventricular ejection fraction <50% 
measured by echocardiography, history of myocardial 
infarction, acute or chronic inflammatory disease, history 
of malignant neoplasm, and hypo- or hyperthyroidism. 
In the period between March 2019 and June 2020, a total 
of 125 patients in whom PVI was performed were initially 
included. Subsequently, 11 patients who did not have an 
adequate electro-anatomical map of the LA according to 
the protocol described here were excluded from the study. 
The research was approved by the ethics committee at the 
University of Osijek Faculty of Medicine (KLASA: 602-04/19-
08/04; URBROJ: 2158-61-07-19-09). All patients signed their 
informed consent.

Clinical parameters
The following clinical parameters were examined: age, sex, 
BMI, type of AF (paroxysmal, persistent), drugs and prepa-
rations taken (including antiarrhythmics and anticoagu-
lants), as well as history of hypertension, coronary heart 
disease, diabetes, and cerebrovascular stroke. BMI was 
determined according to the definition of the World Health 
Organization: normal weight patients with BMI <25 kg/m2, 
overweight patients with BMI between 25 and 30 kg/m2, 
and obese patients with BMI ≥30 kg/m2. Left atrial volume 
measures were assessed by standard echocardiography.
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Assessment of left atrial fibrosis
A detailed anatomical map (fast anatomical mapping 
[FAM]) and a voltage map (EAVM) of the LA were created 
using a three-dimensional mapping system and an ablation 
catheter with a Biosense Webster Smart Touch contact force 
sensor (CARTO 3, Biosense Webster) [10, 11]. The map was 
created exclusively in sinus rhythm, taking a minimum 
of 400 individual points evenly distributed throughout 
the LA. Points with catheter contact force of less than 5 g 
and more than 20 g were excluded. The program displays 
surfaces of the same voltage in the same color. Surfaces 
with a voltage criterion of ≤0.5 mV (low voltage zones 
[LVZ]) are shown in red, which indicates advanced tissue 
fibrosis. Areas with moderate fibrosis of voltage criterion 
between 0.5 and 1.5 mV are shown in blue and green. 
Healthy tissue of voltage criteria above 1.5 mV is shown in 
purple. The density of the points, defined by the distance 
between two points, is set at a minimum of 5 mm. The 
system is programmed to take only points at the end of 
expiration that meet the criteria for a minimum contact 
force of 5 g and adequate catheter stability. As a result of 
the EAVM, the following parameters were calculated using 
Biosense Webster CARTO 3 software: the volume of the 
LA, the total surface area of the LA, the number and total 
surface area of LVZs (described by voltage points ≤0.5 mV) 
and the share of LVZs in the surface of the LA.

Data analysis
Data was analyzed and visualized using the Python pro-
gramming language (version 3.8.3) and Jupyter Notebooks 

[22]. Percentages of fibrosis were assigned first to two 
groups (NO group if fibrosis was less than 5%, and YES 
group if it was above 5%), then to four groups (NO for 
fibrosis <5%, I 5%–20%, II 20%–35%, and III above 35%). 
Areas of fibrosis were divided into four groups (NO if a pa-
tient was without fibrosis, I for 1 fibrotic area, II for 2 fibrotic 
areas, and III for 3 and more fibrotic areas). The dependent 
variable was tested for normality using the Shapiro–Wilk 
test of normality before performing ANCOVA to determine 
the differences in BMI between groups of patients with 
age, sex, hypertension, diabetes, and persistent AF as con-
founders. T-test and Mood’s median test, as appropriate, 
were used to assess differences between groups stratified 
by the presence of fibrosis in quantitative variables, while 
Fisher’s exact test was employed to examine respective 
differences in qualitative characteristics. All the tests were 
performed using SciPy, statsmodels, and pandas pack-
ages. Quantitative data are reported as mean (standard 
deviation [SD]) for normally distributed variables or median 
(interquartile range [IQR]) for not normally distributed data, 
while categorical variables are presented as the number of 
individuals (% of total).

RESULTS
The population of the study consisted of 114 patients (65% 
male and 35% female). The baseline characteristics of all 
patients, as well as the two groups of patients when strati-
fied by the presence of significant LA fibrosis, are described 
in Table 1. No significant differences were observed, apart 
from more frequent use of antiarrhythmic medication in 

Table 1. Patient characteristics stratified by the presence of significant left atrial fibrosis

Variable All patients (n = 114) No fibrosis group (n = 52) Fibrosis group (n = 62) P value

Age, years (SD) 61.5 (8.7) 62.5 (9) 62.6 (8.3) 0.135a

Male 74 (65) 36 (69) 37 (60) 0.330b

BMI, kg/m2, mean (SD) 29.1 (4.4) 29.3 (4.5) 28.9 (4.3) 0.690a

Normal BMI 21 (19) 9 (18) 12 (19) 0.813b

Overweight 46 (40) 22 (42) 24 (39) 0.706b

Obesity 47 (41) 21 (40) 26 (42) 1.0b

Persistent AF 30 (27) 12 (23) 18 (29) 0.526b

History of hypertension 68 (60) 31 (60) 37 (60) 1.0b

History of diabetes mellitus 9 (8) 4 (8) 5 (8) 1.0b

History of cerebrovascular accident 6 (5) 4 (8) 2 (3) 0.409b

History of asymptomatic CAD 14 (12) 6 (12) 8 (13) 1.0b

CHA2DS2-VASc score, median (IQR) 2 (1–3) 1 (0–2.75) 2 (1–3) 0.876c

Antiarrhythmic use 0.02b

None 30 (27) 20 (39) 10 (16)

Class I 44 (39) 15 (29) 29 (47)

Class III 39 (34) 17 (32) 22 (35)

Anticoagulant use 0.23b

None 2 (2) 2 (4) 0

VKA 24 (21) 9 (17) 15 (24)

NOAC 87 (77) 41 (79) 47 (76)

Other medication use

ACE/ARB 67 (59) 24 (46) 43 (69) 0.013b

Statins 42 (37) 20 (38) 22 (35) 0.845b

Data are presented as number (percentage) of patients unless otherwise indicated. 
aStudent t-test. bFisher’s exact test. cMood’s median test. 
Abbreviations: ACEI, angiotensin‑converting enzyme; ARB, angiotensin receptor blocker; AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; IQR, 
interquartile range; NOAC, non vitamin K antagonists oral anticoagulants; SD, standard deviation; VKA, vitamin K antagonist
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patients with apparent fibrosis. The mean (SD) LA body 
volume, measured by standard two-dimensional echo-
cardiography, was 56 (19) cm3 in the no fibrosis group and 
62 (22) cm3 in the fibrosis group, but when measured by 
three-dimensional mapping software it was 127 (3) cm3 in 
the no fibrosis group and 128 (2) cm3 in the fibrosis group. 
The mean (SD) LA surface area was 149.8 (27) cm2 in the no 
fibrosis group and 151.6 (35) cm2 in the fibrosis group. LVZs 
were found in 86 (76%) patients, though 62 (54%) patients 
had LVZs in ≥5% of the LA surface which is usually consid-
ered to be significant. Patients with LVZs had up to 9 areas, 
with a median of 2 and an IQR of 0–3. In 15 (13%) patients, 
LVZs were found in 100% of the LA body surface indicating 
advanced atrial fibrosis. The median total LVZ area for all 

patients was 27.3 cm2 with an IQR of 0.1–30.3 cm2 (0.1%– 
–19.9%). Examples of EAVM from 4 patients with different 
extent of left atrial fibrosis are shown in Figure 1.

Association of LVZs and BMI
In the current cohort we assessed the association between 
BMI and groups of patients with and without significant 
(<5%) fibrosis (Figure 2). Patients without significant fibrosis 
had a mean BMI (SD) of 29.3 (4.5) kg/m2, while patients 
with significant fibrosis had a mean BMI (SD) amounting to 
28.9 (4.3) kg/m2. After adjusting for age, sex, hypertension, 
diabetes, and persistent AF, we found that no association 
remained statistically significant (P = 0.84). We further 
assessed the association between BMI and four groups of 

Figure 1. Examples of left atrium electro-anatomical voltage maps from 4 patients with different extent of fibrosis. A. No significant  
fibrosis. B. One area of severe fibrosis. C. Two areas of severe fibrosis. D. Diffuse severe fibrosis

A B

C D
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patients stratified by percentage of fibrotic area: NO for 
fibrosis <5%, I 5%–20%, II 20%–35%, and III above 35%. The 
mean (SD) BMI in these four groups was 29.2 (4.5) kg/m2, 
29.3 (4.4) kg/m2, 28.2 (2.8) kg/m2, and 28.7 (5.2) kg/m2, re-
spectively (Figure 3). After adjusting for age, sex, hyperten-

sion, diabetes, and persistent AF, BMI was not significantly 
different between the groups (P = 0.57). 

Similarly, no association was found between BMI and 
four groups of patients stratified by the number of fibrot-
ic areas: NO if a patient was without fibrosis, I for 1, II for 
2 and III for 3 and more (Figure 4). Mean BMI (SD) in the 
four groups was 28.8 (4.7) kg/m2, 28.6 (4.3) kg/m2, 29.3 (4.4) 
kg/m2, and 29.5 (4.4) kg/m2, respectively (P = 0.64). 

A subgroup of 21 (18%) patients with normal BMI was 
additionally analyzed. In this group, 14 (67%) patients had 
significant fibrosis of the LA. Patients with normal BMI and 
significant LA fibrosis had a median CHA2DS2-VASc score 
of 2.5 with IQR 2–3. Persistent AF was found in 4 (29%) pa-
tients, arterial hypertension in 9 (64%) patients, and 7 (50%) 
patients had diffuse LVZ covering ≥90% of the LA surface. 

DISCUSSION
To our knowledge, this study is the first to investigate the 
association between excess body weight and LA fibrosis in 
humans. The main result of this study is that no association 
was found between the prevalence and the extent of LA 
fibrosis and BMI in patients undergoing PVI.

In our study, only 18% of patients were of normal 
weight, while 41% of patients were obese. The high prev-
alence of obesity in the investigated cohort could partly 
explain why 60% of patients had hypertension, 8% had 
diabetes, 12% had asymptomatic coronary artery disease, 
and 5% had a history of cerebral vascular incidents. There 
is no evidence of any association between these co-mor-
bidities and atrial fibrosis. Weight loss results in a significant 
reduction of the AF burden, comparable with PVI results.  

Figure 2. Box plot showing the distribution of body mass index 
(BMI) in two groups of patients based on the presence of significant 
fibrosis: NO — a group of patients in whom fibrosis was less than 
5%; YES — a group of patients in which fibrosis was above 5%. The 
lower and upper boundaries of the boxplots indicate the first and 
third quartile, the middle notch indicates the median, and whiskers 
include all data points that fall within 1.5 × interquartile range. 
ANCOVA adjusted for age, sex, and the presence of hypertension, 
diabetes and persistent atrial fibrillation showed no difference 
between groups (P = 0.84)

Figure 3. Box plot showing the distribution of body mass index 
(BMI) in four groups of patients stratified by percentage of fibrotic 
area: NO — group of patients in which fibrosis was less than 5%; 
I — group of patients in which fibrosis was 5%–20%; II — group 
of patients in which fibrosis was 20%–35%; III — group of patients 
in which fibrosis was above 35%. The lower and upper boundaries 
of the boxplots indicate first and third quartile, the middle notch 
indicates the median, and whiskers include all data points that fall 
within 1.5 × interquartile range. ANCOVA adjusted for age, sex, and 
the presence of hypertension, diabetes, and persistent atrial fibrilla-
tion showed no difference between groups (P = 0.57)

Figure 4. Box plot showing the distribution of body mass index 
(BMI) in four groups of patients based on the number of fibrotic  
areas: NO — a group of patients with no fibrotic areas; I — a group 
of patients with 1 fibrotic area; II — a group of patients with 
2 fibrotic areas; III — a group of patients with 3 and more fibrotic 
areas. The lower and upper boundaries of the boxplots indicate the 
first and third quartile, the middle notch indicates the median, and 
whiskers include all data points that fall within 1.5 × interquartile 
range. ANCOVA adjusted for age, sex, and the presence of hyperten-
sion, diabetes, and persistent atrial fibrillation showed no difference 
between groups (P = 0.64)
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However, we found no correlation between obesity and 
atrial fibrosis, which is the strongest risk factor for AF 
recurrence after PVI, suggesting other possible mecha-
nisms for the higher AF burden in obese and overweight 
patients. There is strong evidence of a correlation between 
LA fibrosis and a worse prognosis for AF in terms of the 
progression of the disease and ineffective invasive thera-
py. Previous studies showed a strong correlation between 
AF and risk factors such as advanced age, hypertension, 
diabetes, obesity, and obstructive sleep apnoea. However, 
studies investigating some of these factors and the pres-
ence of left atrial fibrosis showed no correlation, suggesting 
a new idiopathic entity — fibrotic atrial cardiomyopathy.

There are some indications of a possible pro-inflam-
matory, thus a profibrotic effect of obesity on left atrial 
tissue, but no correlation has been established. Important 
findings from the ovine model have been published by 
Abed et al. [23]. In this study, animals were on a high-calorie 
diet that resulted in weight gain. The animals underwent 
electrophysiological studies, cardiac magnetic resonance 
imaging, and histology at baseline, 4- and 8-monthly 
intervals. Weight gain resulted in progressive remodeling 
characterized by conduction heterogeneity, bi-atrial 
enlargement, and increased pericardial fat volumes. His-
tology showed increased atrial interstitial fibrosis and 
inflammation [23].

Apart from the role of cardio-metabolic factors asso-
ciated with obesity in promoting AF, several other factors 
have been observed and investigated. Diastolic function 
impairment has a strong correlation with the risk for AF 
onset [24, 25]. Possible mechanisms include enlargement 
of the LA area with consequent changes in the electrical 
properties of the tissue that promotes re-entry. Cardiac fat 
deposits overlying the LA also seem to be an important 
factor in promoting AF in obese patients. Investigators 
from the Framingham Heart Study Offspring and Third 
Generation Cohorts analyzed 2317 patients and showed 
an association of total pericardial fat volume measured by 
computed tomography and prevalence of AF [26]. Wong et 
al. [27] showed that pericardial fat, measured by magnetic 
resonance in this study, is also a predictor of AF recurrence 
after PVI. Possible mechanisms are local inflammation me-
diated by paracrine mediators and the arrhythmogenicity 
of interpolated fat tissue [28].

Strengths and limitations of the study
A high number of patients with excess body weight was 
included in this study, giving strength to evidence on LA 
fibrosis within this population. However, the proportion of 
these patients is not consistent with other studies investi-
gating the extent of LA fibrosis. Body mass index is strongly 
correlated with the development of AF [19], progression 
from paroxysmal to persistent AF, [20] and with AF burden, 
[21] and was the only parameter of general obesity used 
in this study. Epicardial adipose tissue (EAT) emerged as 
an important factor in AF pathogenesis in recent studies.  

Metaanalysis showed a highly significant correlation be-
tween BMI and EAT, but the correlation was even greater 
between EAT and waist circumference and between EAT 
and visceral adipose tissue [29]. These indices of obesity 
should also be included in future research on left atrial 
fibrosis. This study investigated the extent of LA fibrosis 
only in patients with AF, therefore the results could not be 
extrapolated to the healthy population. Although a corre-
lation between low voltage zones in the LA and histological 
findings of fibrosis has been confirmed, exact voltage cut-
off values have not been established yet. Commonly used 
voltage cut-off values in most of the studies for normal 
tissue, moderate fibrosis, and severe fibrosis are ≥1.5 mV, 
0.5–1.5 mV, and ≤0.5 mV, respectively. In this study, we 
observed only areas of severe fibrosis (≤0.5 mV). Areas of 
moderate fibrosis were not analyzed in this study but might 
also play an important role in the development of FACM.

Electro-anatomical voltage mapping can give inconsist-
ent results. Various catheters are used in studies to collect 
voltage points within the body of the LA. Multi-polar cath-
eters can collect a greater number of voltage points over 
the same period of time than bipolar catheters, resulting 
in more detailed EAVM. Multipolar catheters use tissue 
impedance for contact assurance, while new generation 
bipolar catheters use contact force criteria (≥5 g/mm2).

In this study, 76% of patients had LVZs and 54% of the 
patients had fibrosis in more than 5% of the LA surface, 
which was considered significant in most previous stud-
ies. The exact proportion of left atrial fibrosis significant 
for developing AF has not been established. It is also not 
clear whether the number of LVZs would be a better pre-
dictor of AF recurrence after PVI than the proportion of LA 
fibrosis. Therefore, we decided to investigate if there was 
a difference in BMI between patients with and without 
fibrosis, and also with different proportions of fibrotic areas 
and with different numbers of fibrotic areas. This multiple 
hypothesis approach would lessen the strength of scientific 
proof in case of a positive result, but in our study the results 
were negative — we found no difference in BMI among 
the groups of patients. This study aimed to investigate 
only the correlation between BMI and LA fibrosis. Obesity 
has other well-established links with AF independent of 
LA fibrosis including associated co-morbidities such as 
arterial hypertension, diabetes mellitus, coronary artery 
disease, and obstructive sleep apnea, together with ven-
tricular adaptation, diastolic dysfunction, and epicardial 
adipose tissue.

CONCLUSIONS
In conclusion, our study did not find a correlation between 
fibrosis of the LA, as the strongest predictor of AF recur-
rence after PVI, and BMI. There was no significant differ-
ence in BMI between groups of patients stratified by the 
presence and the extent of LA fibrosis, and the number of 
fibrotic areas. Further studies comparing the AF burden, the 
presence and the extent of LA fibrosis, and AF recurrence 

https://www.sciencedirect.com/topics/medicine-and-dentistry/diastolic-dysfunction
https://www.sciencedirect.com/topics/medicine-and-dentistry/adipose-tissue
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after PVI including different indices of obesity, particularly 
abdominal obesity, are needed to clarify if PVI could be 
routinely planned regardless of BMI. The exact criteria for 
measurement of LA fibrosis and the clinical significance of 
different stages, proportions, and numbers of fibrotic areas 
should be set by future research. 
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Longitudinal assessment of cardiac function in extremely low 
birth weight children at 7 and 11 years of age: implications 
for adult medicine
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A bstract     
Background: The long-term impact of extreme prematurity on cardiac structure and function has not 
been fully evaluated.

Aims: The aim of the study was to assess cardiac condition at 11 years of age in a local cohort of extremely 
low birth weight (ELBW) children born between 2002 and 2004 and to compare it to a previous study 
in the same group at 7 years of age.

Methods: Sixty-four children with ELBW (median birth weight of 890 g) and 36 children born at full 
term underwent echocardiography and physical examination.

Results: M-mode echocardiography parameters, expressed as z-scores for body surface area (mean [SD]), 
showed significant differences in left ventricular end-diastolic dimension (–1.01 [0.91] vs 0.35 [0.71]; 
P <0.001), left ventricular end-systolic dimension (–0.29 [0.92] vs 0.57 [0.65]; P <0.001), aorta dimension 
(0.63 [1.14] vs 1.63 [1.30]; P <0.001), and left atrial dimension (–1.75 [0.97] vs –0.01 [0.86]; P <0.001) 
between the study group and controls at 11 years of age. Fractional shortening (FS) and ejection frac-
tion (EF) were higher in the ELBW children than in their full-term counterparts (33.6 [5.5] vs 30.8 [4.34]; 
P = 0.009 and 0.63 [0.07] vs 0.58 [0.06]; P = 0.005, respectively) at a mean age of 11 years.

Conclusions: The ELBW children had smaller hearts than full-term controls at both 7 and 11 years of age. 
The FS and EF were elevated in the group of 11-year-old ELBW children. We observed comparable progress 
in cardiac growth (approximately 20%) in premature and full-term children over a 4-year study period.

Key words: cardiac index, extremely low birth weight, left ventricular hypertrophy, preterm infants, 
stroke volume

Kardiol Pol 2021; 79, 5: 539–545

INTRODUCTION
Continuous improvements in perinatal medical services 
and neonatal intensive care have resulted in an increasing 
number of surviving extremely low birth weight (ELBW) in-
fants. This particular patient population suffers the highest 
risk of early and late complications of prematurity. There 
are a growing number of studies evaluating the long-term 
side effects of perinatal disorders. Since some published 
reports show increased cardiovascular mortality in adults 
who were born preterm [1, 2], a number of researchers have 
investigated the impact of extreme prematurity on cardiac 
structure and function during extended periods of time.

The aim of this study was to identify any potential late 
cardiac complications in a group of 11-year-old children 
whose birth weight was less than 1000 g and who had 
already undergone similar examinations at the age of 

6–7 years (results published previously in Neonatology in 
2013 [3]). In particular, the results of the echocardiographic 
investigations were compared. The results made it possible 
to perform a detailed evaluation of cardiac functional and 
structural variability together with an assessment of overall 
cardiac development. It was hypothesized that cardiac 
lesions in the ELBW group occurred mostly in the perina-
tal period. The general heart development of the ELBW 
children and their healthy counterparts was comparable 
during their preschool and early school years.

METHODS

Patients
A cross-sectional observational study was conducted in 
the Outpatient Pediatric Department of the University  
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W hat   ’ s  new   ?
Extremely low birth weight children had smaller hearts than full-term controls at both 7 and 11 years of age. The observation 
that the heart growth rate during preschool age and school age in extremely premature infants is comparable to that in full-term 
controls suggests that the most critical cardiac lesions occurred in early postnatal life. Despite their normal heart development 
during school age, preterm infants require repeated monitoring to diagnose possible cardiac complications later in life.

Children’s Hospital in Krakow, Poland, between December 
30, 2013, and April 30, 2015. The study cohort comprised 
ELBW survivors recruited at birth and term control partici-
pants enrolled in the study at 6–7 years of age.

During the study period, 169 newborns with birth 
weights <1000 g were born alive in the southeast district 
of Poland (Malopolska Region). All these children were 
hospitalized in one of 3 tertiary-care neonatal intensive 
care units in southeastern Poland. Ninety-one infants were 
discharged home, and they were further monitored on an 
outpatient basis. Eighty-one children took part in the fol-
low-up assessment at 6–7 years of age. The control group 
for the study included forty age- and gender-matched 
children with birth weights >2500 g who were recruited 
at a single general practitioner’s office between 2009 and 
2010. Details on the methodology and results of the fol-
low-up performed at 6–7 years of age have already been 
published [3].

All the participants of the study at 6–7 years of age 
were invited to the present follow-up at 10–11 years of 
age. Ultimately, 64 (79%) children from the study group 
and 36 (90%) children from the control group returned for 
the second follow-up assessment (Figure 1).

The study was approved by the Jagiellonian University 
Bioethical Committee and adheres to the tenets of the 

Declaration of Helsinki. The parents and caregivers signed 
informed consent before the children were included in 
the study.

Follow-up at 10–11 years of age
All the study participants underwent physical examina-
tions, height and weight measurements, and standard 
two-dimensional echocardiography tests. The parents com-
pleted questionnaires on their children’s demographic data 
and health status. The whole procedure was completed 
during a single visit to the Pediatric Outpatient Department 
of the University Children’s Hospital of Krakow.

Echocardiography
The same echocardiographic analyses, as in a previously 
published study, were performed using the same ultra-
sound device — the Philips EnVisor HD (Philips, Amster-
dam, The Netherlands) with a 2- to 4-MHz transducer 
and simultaneous heart rate (HR) measurement [3]. The 
measurements were performed twice by the same echo-
cardiographers as in the previous study. Left ventricular 
end-diastolic dimension (LVEDD), left ventricular end- 
-systolic dimension (LVESD), interventricular septal thick-
ness at end diastole (IVSd) and end systole (IVSs), left ven-
tricular posterior wall thickness at end diastole (LVPWd) and 

Extremely low birth weight children 
born in the Malopolska region 

from 1.09.2002 to 31.08.2004 (n = 169)

Children alive at the age 
of 7 years (n = 89)

Children evaluated at the age 
of 7 years (n = 81)

Children evaluated at the age 
of 11 years (n = 64)

Control group — children invited 
from one general practitioner o�ce 

at the age of 7 years (n = 40)

Children evaluated at the age 
of 11 years (n = 36)

Figure 1. Protocol of the study — flow diagram
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end systole (LVPWs), right ventricular end-diastolic dimen-
sion (RVDD), and left atrial dimension (LAD) were measured  
using 2-dimensional guided M-mode echocardiography 
with the parasternal shortaxis view at the midpapillary level. 

Diameters and thickness were corrected for body sur-
face area (BSA), and normal ranges were assessed according 
to values published by Kampmann et al. [4].

When the z-scores of RVDD, LVEDD, and the LAD were 
>2, right ventricle (RV), left ventricle (LV), or left atrium (LA) 
enlargement was diagnosed. 

The following parameters were calculated from 
M-mode measurements: LV volumes at end diastole (EDV) 
and end systole (ESV) according to the method described 
by Tortoledo et al. [5] and ejection fraction (EF), fractional 
shortening (FS), and stroke volume (SV).

Left ventricular mass (LVM) was calculated accord-
ing to the formula described by Devereux et al. [6]. The 
LVM z-score for height was calculated using the method 
described by Foster et al. [7]. The LVM index (LVMI) was 
obtained by dividing LVM by height2.7 to normalize and 
linearize the relationship between LVM and height [8]. Left 
ventricular hypertrophy (LVH) was based on the reference 
values published by Diaz et al. [9]. For the purpose of this 
study, HR was evaluated. Original data were converted 
into z-scores.

Moreover, the cardiac index was calculated. The car-
diac index was the normalized value of cardiac output 
calculated for BSA.

Outcome variables
The primary outcome variable was the identification 
of a cardiac complication. Cardiac complications were 
diagnosed if at least one of the following abnormalities 
was detected: (1) LVH; (2) systolic dysfunction, defined as 
abnormal EF and/or FS; and (3) RV, LV or LA enlargement. 
The secondary outcome variables included absolute and 
relative values of LVEDD, LVESD, IVSd, IVSs, LVPWd, LVPWs, 
RVDD, LAD, EF, FS, LVM, LVMI, and cardiac index.

Statistical analysis
The groups were compared using Student’s t-test, the 
Mann–Whitney U test, the χ2 test, or Fisher’s exact test, 
as appropriate. The Shapiro–Wilk test was used to check 
the normality of the distribution of quantitative varia-
bles. Based on the obtained results, the hypothesis of 
normal distribution in the case of variables such as birth 
weight, gestational age, and age at evaluation was rejected. 
For the remaining variables, parametric tests were used 
in the further part of the analysis. The analysis of HR rates 
utilized an ANOVA of HR adjusted for BSA. The comparison 
of selected echocardiographic measurements between 
children aged 7 and 11 years was performed with a paired 
t-test.

The study compared multiple echocardiographic 
variables and required corrections for multiple testing. 
The Sidak correction for correlated variables was used. 

The corrected alpha level based on a mean correlation 
factor of 0.251 between different measurements equaled 
0.0107. Based on this calculation, if the unadjusted P value 
was <0.0107, then the risk of type I error was <5%. Finally, 
statistical significance in the presented paper for M-mode 
measurements was defined as P = 0.01 on a 2-sided test; 
in all other analyses, statistical significance was defined as 
P = 0.05 on a 2-sided test. 

Sample size estimations were based on the assumption 
that the follow-up rate among ELBW children would be 
as high as 90% (80 children). The presumed frequency of 
the primary endpoints was adopted from previously pub-
lished studies that evaluated healthy Polish children aged 
6–7 years whose LVH incidence ranged from 2% to 3.3%. 
Assuming that the risk of type I error equaled 5% (1-sided 
test) and the control group would include 40 children, 
a study with a power of 80% should demonstrate a 15% 
difference in the incidence of the primary endpoints be-
tween the ELBW and control groups. 

The birth weight, gestational age, and age at evaluation 
were presented as a median and 25th–75th percentile, other 
quantitative variables as mean and standard deviation (SD) 
values. The qualitative variables were presented as number 
(n) and percentage (%).

Data were analyzed using SPSS statistical software, 
version 25 (2020 by IBM, USA).

RESULTS

Characteristics of the studied groups
Sixty-four children born as ELBW infants, who constituted 
79% of the cohort evaluated at the age of 7 years during 
the first follow-up assessment, entered the current study 
at a mean age of 11 years. Their median birth weight was 
875 g (25th–75th percentile, 750 g–960 g), and their me-
dian gestational age was 27 weeks (25th–75th percentile, 
25–28 weeks). Nineteen of them had been small for their 
gestational age (30%), a majority of them had received 
surfactant (49 participants, 77%), and almost all of them 
had required mechanical ventilation (58 participants, 
91%). Nineteen infants had been treated surgically for 
patent ductus arteriosus (30%), and 26 children had been 
receiving oxygen at 36 weeks of postmenstrual age (41%). 
The control group consisted of 36 full-term children, cor-
responding to 90% of the same group from the previous 
study 4 years earlier.

There were no significant demographic differences at 
the age of 7 years between the returning participants in 
the current study and the children who failed to return 
after the first follow-up study (data available on request).

The children from the ELBW group had lower birth 
weights (median, 875 g vs 3570 g; P <0.001) and younger 
gestational ages (median, 27 weeks vs 40 weeks; P <0.001) 
than the control group. They were also less likely to have 
been born via vaginal delivery (20% vs 86%; P <0.001). The 
incidence of multiple pregnancy in the ELBW group was 
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significantly higher (14% vs 0%; P = 0.02), and there were 
significantly more infants who were small for gestational 
age (30% vs 6%; P = 0.004). In the current study, the 11-year-
old children in the ELBW group were significantly smaller 
(mean, 141 cm vs 146 cm; P = 0.003) and weighed less than 
those in the control group (mean, 33.7 vs 40.4 kg; P <0.001). 
The same significance was found when those values were 
converted into z-scores. A detailed comparison of the 
selected demographic and clinical variables in the ELBW 
and control groups is presented in Table 1.

Echocardiography
In the current study of 11-year-old children, we identified 
only one ELBW child with LVH. None of the other children 
who were studied, whether premature or fullterm, fulfilled 
the criteria for the diagnosis of LV and RV enlargement. We 
also diagnosed only one ELBW child with LA enlargement.

Absolute and relative M-mode measurements are 
presented in Table 2. All the results expressed as z-scores 
for BSA for all the analyzed parameters, except for RVDD, 
were 0.5 to 1 SD lower in the group of ELBW children than 
in the controls at both time points, 7 and 11 years of age. 
There was no difference in RVDD between ELBW and full-
term children at 11 years of age. Statistically significant 
differences between the studied and control groups were 
observed for RVDD, LVEDD, aortic diameter (AoD), and LAD 
in 7-year-old children and for LVEDD, LVESD, AoD, and LAD 
in 11-year-old children.

The comparisons of LVM, LVMI, diastolic parameters, 
and LV function variables between the two follow-up 
groups (at the ages of 7 and 11 years) are summarized in 
Table 3. LVM was consistently smaller in the ELBW chil-
dren than in the control children at 7 and at 11 years of 
age. However, the rate of LVM increase in the ELBW group 

was comparable to that in the control group, equaling 
approximately 20% for both of those groups during the 
4-year observation period. The LVMI differences were not 
statistically significant for either 7-year-old or 11-year-old 
children. The mean difference between the LVMI of the 
ELBW children and full-term controls was 4.1 g/m2.7 at the 
age of 7 years and 6.2 g/m2.7 4 years later. Stroke volume 
remained lower in the prematurely born children at ages 
of 7 and 11 years. No significant differences were found in 
cardiac indexes in the analyses of 7-year-old and 11-year-
old children.

The FS and EF did not differ significantly between 
the ELBW participants and their controls at the age of 
7 years. However, we found higher values of FS and EF in the 
ELBW children than in the control children four years later.

There were only two 11-year-old ELBW children with 
fractional shortening <25% (absolute values 23.6% and 
23.8%). Left ventricular ejection fraction <55% was diag-
nosed in two prematurely born children and two fullterm 
participants (absolute values from 50% to 55%) at the age 
of 11 years.

A comparison of the results for mean differences 
between selected echocardiographic measurements, pre-
sented as paired t-tests for two time points (7 and 11 years 
of age) in both analyzed groups of children, is shown in 
Table 4. Data were presented as z-scores. The mean differ-
ences in z-score values in the presented echocardiographic 
measurements were approximately 0.5 SD for the majority 
of presented variables in the two analyzed groups, and the 
confidence intervals were entirely above 1.

Heart rate assessment
The mean value of HR, whether presented as an absolute 
value or a z-score, was significantly higher in the ELBW chil-

Table 1. Comparison of selected demographic and clinical variables in the study groups and their control groups 

Study group (n = 64) Control group (n = 36) P value

Demographic variables

Female 43 (67) 17 (47) 0.06a

Birth weight, g, median (25th–75th percentile) 875 (750–960) 3570 (3395–3880) <0.001b

Gestational age, weeks, median (25th–75th percentile) 27 (25–28) 40 (39–40) <0.001b

Vaginal delivery 13 (20) 31 (86) <0.001a

Multiple pregnancy 9 (14) 0 (0) 0.02a

Small for gestational age 19 (30) 2 (6) 0.004a

First follow-up

Age at evaluation, years, median (25th–75th percentile) 6.5 (6.4–6.8) 6.9 (6.4–7.4) 0.04b

Height, cm, mean (SD) 116 (6.3) 124 (7.4) <0.001c

Height, z-score, mean (SD) –1.08 (1.3) 0.21 (1.0) <0.001c

Weight, kg, mean (SD) 19.5 (3.8) 25.2 (5.3) <0.001c

Weight, z-score, mean (SD) –0.92 (1.3) 0.26 (1.2) <0.001c

Second follow-up

Age at evaluation, years, median (25th–75th percentile) 11 (10.8–11.3) 10.7 (10.2–11.1) 0.01b

Height, cm, mean (SD) 141 (8) 146 (8) 0.003c

Height, z-score, mean (SD) –0.88 (1.2) 0.20 (1.1) <0.001c

Weight, kg, mean (SD) 33.7 (8.2) 40.4 (9.9) <0.001c

Weight, z-score, mean (SD) –0.92 (1.3) 0.24 (1.2) <0.001c

Data are presented as the number (percentage) of patients unless otherwise indicated.

P value: aFisher’s exact test, bMann–Whitney U test, cStudent’s t-test
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Table 2. Comparison of M-mode echocardiographic measurements in 7- and 11-year-old extremely low birth weight newborns and their 
controls

First follow-up (at the age of 7 years) Second follow-up (at the age of 11 years)

Study group 
(n = 64)

Control group 
(n = 36)

P valuea Study group (n = 64) Control group (n = 36) P valuea

Absolute values, cm, mean (SD)

RVDD 1.20 (0.34) 1.66 (0.38) 0.001 1.66 (0.36) 1.74 (0.47) 0.35

IVSd 0.56 (0.16) 0.58 (0.13) 0.78 0.59 (0.28) 0.66 (0.18) 0.21

LVEDD 3.17 (0.42) 3.65 (0.39) <0.001 3.79 (0.38) 4.14 (0.39) <0.001

LVPWd 0.52 (0.10) 0.59 (0.12) 0.02 0.56 (0.12) 0.62 (0.13) 0.03

IVSs 0.83 (0.21) 0.92 (0.14) 0.02 0.93 (0.17) 1.02 (0.19) 0.01

LVESD 2.36 (0.29) 2.67 (0.37) <0.001 2.51 (0.33) 2.86 (0.30) <0.001

LVPWs 0.73 (0.13) 0.90 (0.31) 0.003 0.95 (0.19) 0.97 (0.16) 0.64

AoD 1.44 (0.18) 1.65 (0.20) <0.001 1.75 (0.22) 1.99 (0.26) <0.001

LAD 1.79 (0.29) 2.13 (0.29) <0.001 2.1 (0.33) 2.33 (0.33) 0.002

Relative values, cm
Expressed as z-score for body surface area (SD)

RVDD –1.51 (1.23) –0.35 (0.94) 0.001 –0.62 (0.85) –0.60 (1.25) 0.95

IVSd 0.04 (1.19) –0.10 (1.06) 0.54 –0.47 (1.36) –0.08 (1.16) 0.16

LVEDD 0.27 (0.98) 0.47 (1.02) 0.001 –1.01 (0.91) –0.35 (0.79) <0.001

LVPWd –0.63 (1.29) 0.24 (0.86) 0.35 –0.23 (1.06) 0.08 (0.99) 0.16

IVSs 0.16 (1.09) 0.52 (0.87) 0.11 –0.23 (1.06) 0.07 (0.99) 0.19

LVESD 0.19 (0.95) 0.66 (1.05) 0.035 –0.29 (0.92) 0.57 (0.65) <0.001

LVPWs –1.78 (1.14) –1.1 (1.26) 0.15 –0.99 (1.27) –1.11 (1.02) 0.67

AoD 0.25 (1.27) 0.89 (0.99) 0.01 0.63 (1.14) 1.63 (1.30) <0.001

LAD –1.01 (1.10) –0.07 (0.92) <0.001 –1.75 (0.97) –0.01 (0.86) <0.001

Data are presented as the mean (SD).
aIn order to correct for multiple testing, the Sidak adjustment for correlated variables was used. Significance was defined as a 2-sided P ≤0.01.
Abbreviations: AoD, aortic diameter; IVSd, thickness of the intraventricular septum at end diastole; IVSs, thickness of the intraventricular septum at end systole; LAD, left-atrial 
dimension; LVEDD, left ventricular dimension at end diastole; LVESD, left ventricular dimension at end systole; LVPWd, left ventricular posterior wall thickness at end diastole; 
LVPWs, left ventricular posterior wall thickness at end systole; RVDD, right ventricular end-diastolic dimension

Table 3. Analysis of the selected left ventricle parameters in the study and control groups at 7 and 11 years of age

First follow-up (at the age of 7 years) Second follow-up (at the age of 11 years)

Study group 
(n = 64)

Control group 
(n = 36)

P valuea Study group 
(n = 64)

Control group 
(n = 36)

P valuea

LVM, g 47.7 (15.3) 65.6 (15.6) 0.001 56.8 (42.7) 78.8 (31.4) 0.008

LVMI, g/m2.7 31.9 (9.5) 36 (8.5) 0.04 21.9 (16) 28.1 (17.4) 0.04

Fraction of shortening 32.1 (7.0) 33.0 (6.9) 0.23 33.6 (5.5) 30.8 (4.34) 0.009

Ejection fraction 0.61 (0.10) 0.62 (0.09) 0.33 0.63 (0.07) 0.58 (0.06) 0.005

EDV, mL 52 (17) 72 (19) <0.001 68 (29) 77 (30) 0.02

ESV, mL 20 (6.5) 27 (9.3) <0.001 34 (15.6) 40.1 (15.9) 0.004

SV, mL 32 (13.6) 45 (14) <0.001 39 (10.1) 45.2 (11.4) 0.01

Cardiac index, L/m2 3.34 (1.96) 3.18 (1.74) 0.37 2.81 (0.89) 2.95 (0.69) 0.46

Mean HR, per min 93 (8.1) 86 (7.4) 0.001 86 (7.2) 82 (8.2) 0.05

Mean HR z-score 1.25 (1.34) 0.58 (1.45) 0.01 1.19 (1.2) 0.62 (1.6) 0.03

Data are presented as the mean (standard deviation).
aIn order to correct for multiple testing, the Sidak adjustment for correlated variables was used. Significance was defined as a 2-sided P ≤0.01.
Abbreviations: EDV, left ventricular volume at end diastole; ESV, left ventricular volume at end systole; HR, heart rate; LVM, left ventricular mass; LVMI, left ventricular mass 
index; SV, stroke volume

Table 4. Results of paired t-tests for selected echocardiographic measurements 

Study group (n = 64) P for paired t-testa Control group (n = 36) P for paired t-testa

RVDD 0.96 (0.55 to 1.37) 0.001 –0.23 (–0.68 to 0.21) 0.29

IVSd –0.44 (–0.94 to 0.05) 0.08 –0.07 (–0.52 to 0.38) 0.75

LVEDD –0.42 (–0.80 to 0.04) 0.03 –0.65 (–1.07 to –0.13) 0.03

LVPWd –0.49 (–0.88 to 0.09) 0.08 –0.34 (–0.85 to 0.18) 0.20

IVSs –0.06 (–0.39 to 0.27) 0.72 –0.24 (–0.66 to 0.17) 0.23

LVESD –0.52 (–0.79 to –0.24) 0.001 –0.08 (–0.58 to 0.42) 0.74

LVPWs 0.58 (–0.02 to 1.19) 0.07 0.03 (–0.53 to 0.59) 0.91

AoD 0.54 (0.11 to 0.97) 0.02 0.63 (0.12 to 1.09) 0.01

LAD 0.52 (0.03 to 1.01) 0.04 –0.09 (–0.41 to 0.23) 0.56

Data are presented as the mean difference (95% confidence interval for difference).
aIn order to correct for multiple testing, the Sidak adjustment for correlated variables was used. Significance was defined as a 2-sided P ≤0.01.
Abbreviations: see Table 2
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dren than in the controls at age 7. The HR values remained 
higher in 11-year-old ELBW children, but the differences 
between the study group and fullterm controls were 
smaller at this point than at 7 years of age.

DISCUSSION
The study presented here is a follow-up to the one performed 
4 years earlier that evaluated heart structure and function 
in 7-year-old children born prematurely as ELBW infants [3].

As in the previous study [3], we did not find any 
significant differences in the development of cardiac 
complications between the ELBW children and full-term 
participants. Previous studies reported similar observations 
[10, 11].

The cardiac dimensions, such as LV, LA, and AoD, were 
smaller in the 11-year-old ELBW children, as shown in the 
M-mode analysis. The results were comparable to those of 
our previous study, in which the same group of 7-year-old 
ELBW patients was diagnosed in a similar fashion. Other 
echocardiographic studies reported similar observations 
in such groups of patients [12, 13]. From 7 to 11 years 
of age, there was no decrease in the ratio of average RV 
dimensions between ELBW children and their full-term 
counterparts that was observed 4 years earlier in the same 
population. We believe that one possible explanation is the 
specificity of the M-mode and its use in the evaluation of 
RV dimensions, which were assumed to be the least precise 
and objective.

The LV of the ELBW children remained smaller than 
that of the controls over the 4 years between the two 
studies. However, there was no significant difference in 
the cardiac index, calculated as cardiac output adjusted 
for BSA, between the studied groups and the control 
groups of children at 7 or 11 years of age. One possible 
explanation for the unchanged value of the cardiac index 
could be faster HR compensating for the smaller SV in the 
ELBW participants, as previously reported in a number of 
studies [10, 13]. The differences in the evaluated parame-
ters regarding LVM were the same at ages 7 and 11 in the 
two groups. However, the absolute value of the LVM and 
the LVMI adjusted for the child’s height were significantly 
smaller in the ELBW children than in control children at 
11 years of age.

A number of studies have reported a significant asso-
ciation between extreme prematurity and cardiovascular 
complications. Mohlkert et al. [13] demonstrated structural 
cardiac changes in this particular group of patients that 
resulted in evident systolic and diastolic dysfunction of 
the LV. Altered myocardial function was also described in 
infancy [14, 15]. Hoki et al. [16] studied a group of almost 
500 children hospitalized in infancy due to apparent 
life-threatening events to identify potential predictors of 
cardiac disease. During 7 years of observation, the only 
clinical parameter indicating future heart problems was 
prematurity. In another study, Bolton et al. [17] demonstrat-
ed impaired hemodynamics of the large vessels in children 

born extremely prematurely. Echocardiography of those 
patients when they were 11 years old clearly showed an 
increased augmentation index, reflecting higher systemic 
arterial stiffness as calculated from the ascending aortic 
pressure waveform. However, some studies speculated 
that fetal growth restriction played a larger role than pre-
maturity in cardiac morphology and/or postnatal cardiac 
adaptation [18, 19]. A cardiac evaluation of prematurely 
born adults showed some serious structural and functional 
changes in their hearts, including LVH and systolic and 
diastolic dysfunction of the LV [12].

One of the most important findings of our present study 
was the verification that the ELBW and control groups have 
the same rate of heart growth. We recorded a 20% increase 
in the LVM in both populations, with the difference in 
heart mass remaining unaltered at 7 and 11 years of age. 
Therefore, we hypothesized that the decreased heart size 
of the ELBW children resulted mostly from damage in the 
early perinatal period of life, whereas their further devel-
opment was similar to that of healthy full-term children. 
The transition process from fetal to neonatal circulation in 
preterm infants is complex, and it can be more challenging 
in extremely low birth weight infants with hemodynamic 
instability [20]. This hypothesis could be also supported by 
the results of the study by Bokiniec et al. [21]. Compared 
with term neonates on the 28th day of life, preterm neonates 
evaluated at week 40 of postconceptional age had reduced 
myocardial thickness already at that age.

We further supported the above conclusions of com-
parable development of the hearts in ELBW and full-term 
children with a unique paired t-test for selected echocar-
diographic measurements expressed as z-scores for the 
two time points (7 and 11 years of age). Our results showed 
similar intensities of heart growth in both the studied 
and control groups over the 4 years between follow-up 
studies. The z-score differences in the majority of the echo-
cardiographic parameters evaluated with the paired t-test 
were less than 0.5 SD in the ELBW children. Hence, we could 
assume that the hearts of these children were developing 
harmoniously, without overgrowth or involution.

The results of two studies of 7-year-old children in 
2013 [3] and a recent study of 11-year-old children indicated 
that the most serious impact on ELBW children’s heart lesion 
development occurred in the fetal and early postnatal age, 
when cardiomyocyte hyperplasia plays a pervasive role [22]. 
Our results indicated that the later development of extreme-
ly premature children’s hearts remained stable and balanced, 
similar to the heart development of their full-term peers. 

However, although our studies showed that the struc-
tural and functional cardiac changes in extremely prema-
turely born children did not constitute a clinical problem 
during infancy or school age, we recommend further 
echocardiographic follow-up investigations to monitor 
for potential cardiovascular complications in adulthood.

The strengths of our study included its multicenter, 
population-based design and the objectivity of the ob-
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servations, which were based on standardized echocar-
diographic assessments. In the follow-up evaluation at 
11 years, we enrolled satisfactory numbers of representa-
tives for both the study and control groups, which justified 
and substantiated our conclusions.

Limitations
The main limitation of our study was the lack of a parallel 
clinical evaluation to determine whether the observed 
structural cardiac findings and faster HR in ELBW children 
affected their daily lives/routines. Moreover, there was no 
formal test of interrater reliability; however, post hoc anal-
ysis did not reveal any statistically significant differences in 
the measurements between the two echocardiographers.

CONCLUSIONS
The analyzed ELBW children had smaller heart sizes than 
the full-term controls at both the ages of 7 and 11 years.  
Almost all of their echocardiographic parameters, ex-
pressed as z-scores normalized for BSA, were 0.5–1 SD lower 
in the two follow-up assessments over 4 years of observa-
tion. We observed that the heart growth of the ELBW group 
was comparable to that of the full-term controls, and it 
increased by approximately 20% in both groups during the 
4-year observation period. We believe that the most critical 
cardiac lesions occur in the fetal and early postnatal life 
of extremely premature children; therefore, despite their 
normal cardiac development up to this point during school 
age, they would require repeated monitoring to diagnose 
possible cardiac complications later in life.
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Neuron-specific enolase concentrations for the prediction 
of poor prognosis of comatose patients after out-of-hospital 
cardiac arrest: an observational cohort study
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A bstract     
Background: Neuron-specific enolase (NSE) is a biomarker for neurological outcomes after cardiac 
arrest with the most evidence collected thus far; however, recommended prognostic cutoff values are 
lacking owing to the discrepancies in the published data.

Aims: The aim of the study was to establish NSE cutoff values for prognostication in the environment 
of a cardiac intensive care unit following out-of-hospital cardiac arrest (OHCA). 

Methods: A consecutive series of 82 patients admitted after OHCA were enrolled. Blood samples for the 
measurement of NSE levels were collected at admission and after 1 hour, 3, 12, 24, 48, and 72 hours. Neu-
rological outcomes were quantified using the cerebral performance category (CPC) index. Each patient 
was classified into either the good (CPC ≤2) or poor prognosis (CPC ≥3) group.

Results: Median NSE concentrations were higher in the poor prognosis group, and the difference 
reached statistical significance at 48 and 74 hours (84.4 ng/ml vs 22.9 ng/ml at 48 hours and 152.1 ng/ml 
vs 18.7 ng/ml at 72 hours; P <0.001, respectively). Moreover, in the poor prognosis group, NSE increased 
significantly between 24 and 72 hours (P <0.001). NSE cutoffs for the prediction of poor prognosis after 
OHCA were 39.8 ng/ml, 78.7 ng/ml, and 46.2 ng/ml for 24, 48, and 72 hours, respectively. The areas 
under the curve were significant at each time point, with the highest values at 48 and 72 hours after 
admission (0.849 and 0.964, respectively).

Conclusions: Elevated NSE concentrations with a rise in levels in serial measurements may be utilized 
in the prognostication algorithm after OHCA. 

Key words: biomarkers of brain injury, hypoxic brain injury, ischemic encephalopathy, neurologic 
prognostication, neuron-specific enolase
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INTRODUCTION
Cardiac arrest is one of the leading causes of death in 
high-income countries. Only one-third of out-of-hos-
pital cardiac arrest (OHCA) patients, who have reached 
emergency medical services, survive until hospital ad-
mission [1]. Mortality rates for those admitted comatose 
to hospitals after (OHCA) remain high depending on the 
mechanism of cardiac arrest and quality of care and usually 
exceed 50% [2, 3]. Most deaths are caused by ischemic 
brain injury [4], and therefore, adequate neurological 
prognostication is an important part of the therapeutic 

process. Establishing a poor prognosis allows medical 
personnel to avoid inappropriate treatment, justify 
the withdrawal of life-sustaining therapy, and provide 
important information to the patients’ families. Clinical 
examination and brain computed tomography (CT) are 
commonly used for this purpose; however, both lack ap-
propriate diagnostic accuracy, especially at an early stage 
of hospitalization. Given that the gravity of decisions in 
this medical context is extremely high and to minimize 
the possibility of false-positive results (FPR), it is a com-
monly accepted strategy to use a multimodal prognostic 
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W hat   ’ s  new   ?
Determining the concentrations of neuron-specific enolase (NSE) in patients admitted to the hospital following cardiac arrest 
is a method to assess the neurological prognosis of such patients. Since 2015, the European Resuscitation Council has recom-
mended the use of NSE levels as a component in a multimodal prognostication algorithm for this group of patients. The main 
limitation of NSE levels, as reported by several authors, is the discrepancies in the cutoff thresholds for a poor prognosis. There-
fore, the European Resuscitation Council recommends that such thresholds be set by local laboratories. To our knowledge, 
this study is the first to assess the use of NSE concentrations for the prognosis of patients following cardiac arrest at a Polish 
hospital. Setting cutoff values for poor prognosis of cardiac arrest patients may promote the application of this prognostic tool 
in Polish intensive care units, especially in centers cooperating with laboratories that can assess NSE levels.

algorithm for that purpose. Such algorithm includes the 
results of the neurological assessment and brain CT, but 
also short-latency somatosensory evoked potentials, elec-
troencephalography, and biomarkers for brain injury [5].

Next to the glial S-100B protein, neuron-specific eno-
lase (NSE) is the biomarker in ischemic brain injury that is 
most supported by the clinical evidence collected so far. 
NSE is an intracellular glycolytic enzyme that is mostly 
present in neurons, tissues of neuroectodermal origin, 
and erythrocytes. Following cardiac arrest, NSE is released 
from ischemic brain tissue, and its serum concentrations 
correlate with the extent of neurological injury. Many 
authors have proven that high NSE concentrations after 
cardiac arrest and its rise in serial measurements may 
predict poor neurologic outcomes. However, NSE concen-
tration cutoff thresholds vary between studies, ranging 
from 33 ng/ml to 85 ng/ml for different time points, with 
the most discriminative being from 48 hours to 72 hours 
post-OHCA [5, 6]. 

The European Resuscitation Council (ERC) recommends 
incorporating NSE levels into a multimodal prognostication 
strategy algorithm, but at the same time, they advise that 
each laboratory establish its own values and cutoff levels 
for poor prognoses based on the assay used [7]. 

We intended to address these recommendations and 
for this purpose, we conduct the current study. Our aim was 
to define NSE cutoff values, at a few time points within the 
first 72 hours after admission, that have a high specificity for 
a poor prognosis prediction after cardiac arrest in settings 
specific to our center. 

METHODS
Patient recruitment took place in the Cardiac Intensive 
Care Unit of the Military Institute of Medicine, Warsaw, 
Poland, between September 2016 and July 2019. The study 
had an observational, prospective design in the cohort of 
consecutive patients admitted after OHCA who remained 
unconscious at first presentation with a Glasgow Coma 
Scale score ≤8. In addition to standard care, blood samples 
for evaluation of NSE levels were collected at the time of 
admission and then after 1 hour, 3, 6, 24, 48, and 72 hours. 

This study was approved by the Ethics Committee of the 
Military Institute of Medicine (no. 39/WIM/2013). Informed 

consent was obtained from relatives and all participants 
who regained consciousness. 

Blood samples for the measurement of NSE levels were 
analyzed in a local laboratory using the Cobas e601 system 
and an electrochemiluminescence immunoassay (ECLIA) kit 
(Roche Diagnostics, Mannheim, Germany; reference num-
ber 12133113 122). The normal value for NSE concentration 
was <17 ng/ml, functional sensitivity was 0.25 ng/ml, and 
the range of measurements was 0.05–370 ng/ml.

A neurologist evaluated all patients 72 hours (standard 
deviation 24 h) after admission and at discharge. Each 
participant was classified using the cerebral performance 
category (CPC) scale: CPC 1, good cerebral performance; 
CPC 2, minor neurological deficit; CPC 3, severe neurolog-
ical impairment and dependence for everyday activities; 
CPC 4, coma; and CPC 5, brain death [8]. Clinical outcomes 
were evaluated at discharge using the CPC classification. 
CPC 1–2 were considered as good clinical outcomes, and 
CPC 3–5, including death, were considered as poor clinical 
outcomes. 

Statistical analysis
Data distributions were analyzed for each continuous 
variable. Non-Gaussian variables were presented as 
medians with an interquartile range. Comparison of the 
patients’ clinical characteristics was conducted using the 
Mann–Whitney U test for continuous variables and Fisher’s 
exact test for categorical variables. Changes in NSE concen-
trations over time and between CPC groups were tested for 
significance using the Friedman rank test, nonparametric 
variant of ANOVA test with post hoc analysis. Bonferroni 
correction was applied to address the multiple compari-
sons issue. At each time point, a receiver operating char-
acteristic curve was plotted, and the area under the curve 
was determined to evaluate the predictive power of NSE 
concentrations on CPC. Cutoff values were determined by 
maximizing the Youden index and using values providing 
95% specificity. Sensitivity and specificity values were cor-
rected using bootstrap internal validation. When possible, 
a normal approximation was used to obtain confidence 
intervals. Survival analyses and Kaplan–Meier curves were 
calculated for the four 4-quartiles of NSE concentrations 
and generalized log-rank test was used to compare the 
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proportion of survival with good clinical outcome in ana-
lyzed groups. A P value <0.05 was considered significant for 
all tests performed. All statistical analyses were performed 
using Statistica 13.0 (StatSoft, Tulsa, OK, USA).

RESULTS
Eighty-two consecutively admitted adult OHCA pa-
tients were enrolled in this study. Overall, 450 serum 
samples were analyzed. The patients’ basic clinical and 
demographic characteristics are shown in Table 1. Of the 
82 patients, 22 were classified into the CPC 1–2 group and 
60 were placed in the CPC 3–5 group. Except for sex, hos-
pitalization time, and frequency of targeted temperature 
management (TTM) utilization, most parameters differed 
significantly between the groups.

The median (IQR) plasma NSE concentrations for the 
CPC 1–2 groups vs the CPC 3–5 groups, respectively, 
were as follows: at admission, 22.8 ng/ml (19.7–34.4) vs 
37.65 ng/ml (29.4–51.0); P = 0.7; at 1 hour, 28.7 ng/ml 
(22.6–45.7) vs 38 ng/ml (29.5–60.5); P = 0.9; at 3 hours, 
29.2 ng/ml (21.7–37.6) vs 44.55 ng/ml (31.4–87.6); P = 0.6; at 
12 hours, 25.4 ng/ml (21.0–32.8) vs 46.55 ng/ml (30.9–87.7); 
P = 0.1; at 24 hours, 23 ng/ml (18.7–34.5) vs 55.9 ng/ml 
(34.1–134.1); P = 0.1; at 48 hours, 22.9 ng/ml (15.1–33.5) 
vs 84.4 ng/ml (42.0–192.0); P <0.001; and at 72 hours, 
18.7 ng/ml (14.1–29.0) vs 152.1 ng/ml (62.3–264.4); 
P < 0.001. In the poor prognosis group, NSE levels increased 
significantly between 24 and 72 hours (P <0.001). In the 
good prognosis group, the NSE levels were constant within 
the first 72 hours (P = 0.3). Both groups tended to differ 
significantly in terms of NSE levels starting from 48 hours 
after the OHCA (P <0.001), and at 72 hours, the difference 
increased (Figure 1).

Receiver operating characteristic analyses were carried 
out for NSE levels at each time point to predict CPC at dis-
charge (Figure 2). The area under the curves for NSE levels 
in the CPC prediction were all significant, with the highest 
area under the curve value at 72 hours after OHCA (detailed 

data are shown in Supplementary material, Table S1). The 
cutoff values for NSE that maximized the Youden index, as 
well as those with FPR of 5% at each time point, are shown 
in Table 2. In the analyzed cohort the cutoff values for the 
concentrations of NSE calculated for a specificity of 95% 
(FPR <5%) at the time points during the first 24 hours had 
low sensitivity (14%–37%). The sensitivity of these cutoffs 
calculated to maximize the Youden index at the same time 
points was more eligible (71%–81%). The range of those 
cutoffs was from 27.2 ng/ml at admission to 39.8 ng/ml at 
24 hours. The NSE concentration thresholds calculated for 
a 5% of FPR at subsequent time points had acceptable sen-
sitivity exceeding 53%; these cutoff points were 78.7 ng/ml 
at 48 hours and 46.2 ng/ml at 72 hours.

The survival analysis indicated that the higher the NSE 
levels, the higher the probability of a poor neurological out-
come. Kaplan–Meier curves (Figure 3) show that high NSE 
levels early after OHCA significantly increase the probability 
of a poor prognosis. The probability of a good prognosis 
would be >60% for the first NSE quartile at admission, 
in contrast to patients with higher NSE levels, where the 
probability of a good prognosis would be approximately 
20% (Figure 3).

DISCUSSION
To our knowledge, this study presents the first attempt to 
test NSE levels as a predictor of poor clinical outcomes in 
comatose patients admitted to the hospital after OHCA in 
a Polish population. We identified the NSE cutoffs highly 
specific to ischemic brain damage. We also confirmed 
the negative prognostic value of the rise of NSE concen-
trations in serial measurements within the first 3 days 
after OHCA. 

The prognostic usefulness of NSE concentrations as 
a neurologic outcome predictor after OHCA has been 
confirmed in diverse populations in the past [5] and in 
the era of TTM treatment [9]. Thus, based on the strongest 
evidence, NSE has been incorporated as a biomarker in 

Table 1. Basic demographic and selected clinical data for the cerebral performance category 1–2 and cerebral performance category 3–5 patient 
groups admitted after out-of-hospital cardiac arrest

CPC 1–2 (n = 22) CPC 3–5 (n = 60) P value

Male 15 (68.2) 41 (68.3) 0.98

Age, years, median (IQR) 60 (45–70) 67 (62–76.5) 0.008

Time to CPR, min, median (IQR) 0 (0–0) 5 (0–10) <0.001

Time to ROSC, min, median (IQR) 15 (10–25) 28 (19–45) <0.001

Bystander CPR 20 (90.9) 31 (51.7) 0.002

Shockable rhythm 20 (90.9) 34 (56.7) 0.004

Lactate, mmol/l, median (IQR) 3.3 (2.8–5.1) 7.6 (4.6–12.25) <0.001

Time to ROSC, min, median (IQR) 4.5 (3–6) 3 (3–3) <0.001

SOFA, median (IQR) 8 (6–10) 12 (9–14) <0.001

APACHE II, median (IQR) 19.5 (18–24) 29 (25–38) <0.001

Hospitalization time, days, median (IQR) 16 (12–22) 9 (2–26) 0.09

Targeted temperature management 14 (63.6) 35 (58.3) 0.8

Data are presented as number (percentage) of patients unless otherwise indicated. 
Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; CPC, cerebral performance category; CPR, cardiopulmonary resuscitation; GCS, Glasgow Coma 
Scale; IQR, interquartile range; ROSC, return of spontaneous circulation; SOFA, Sequential Organ Failure Assessment Score
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brain injury and an important element of a multimodal 
prognostic algorithm for comatose patients admitted to 
the hospital after OHCA [7]. The advantages of NSE are that 
it is a simple and widely available laboratory measurement 
as it is utilized for monitoring the treatment of tumors of 

the neuroectodermal origin or small cell lung cancer. Fur-
ther, the results of the measurements are quantitative and 
independent of the sedative and neuromuscular blockade 
effects that may influence the outcomes of a neurologi-
cal examination. However, the continuous nature of the 

Figure 2. Receiver operating characteristic curves for the capacity of neuron-specific enolase at each time point to predict cerebral performance 
category at discharge. A. At admission; B. After 3 hours; C. After 12 hours; D. After 24 hours; E. After 48 hours; F. After 72 hours
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Figure 1. Neuron-specific enolase (NSE) concentrations at admission and 1, 3, 12, 24, 48, and 72 hours after admission in both groups.

Abbreviations: see Table 1
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numerical results implies the need to determine a cutoff 
value for a poor prognosis with the lowest risk of an FPR. 
The main reason why the evaluation of NSE levels cannot 
be implemented in routine clinical practice is that the re-
ported threshold values differ among studies. In a recently 
published meta-analysis [10], the proposed cutoff values 
for predicting a poor neurological outcome varied from 
13.3 ng/ml [11] to 47.6 ng/ml [12] for early periods of up 
to 24 hours of observation and from 22.4 ng/ml [13] to 
97 ng/ml [14] for 48 hours to 72 hours after admission. Thus, 
the ERC, in its latest Guidelines for Post-Resuscitation Care 
has advised that ideally “every hospital laboratory assessing 
NSE should create its own normal values and cutoff levels 
based on the test kit used” [7]. It has also been emphasized 
that those thresholds should optimally minimize the risk 
of an FPR below 5%. 

In the analyzed cohort, the cutoffs for the concentra-
tions of NSE calculated for a specificity of 95% (FPR <5%) 
at the time points during the first 24 hours had an unac-
ceptably low sensitivity. Therefore, in case of intention to 
predict bad outcome basing on the measurements done at 
first 24 hours we propose to use cutoffs that compromise 
sensitivity and specificity (calculated to maximize the Youd-
en index). The range of those cutoffs was 27.2–39.8 ng/ml. 
So, to avoid FPR we propose to use the most conservative 
value — 39.8 ng/ml as a predictor of a poor outcome in the 
first 24 hours of observation. 

The tools for evaluating the neurological prognoses of 
OHCA patients during the first 24 hours after admission are 
very scarce. Only the lack of pupillary or corneal reflexes [15] 
and the absence of somatosensory evoked potentials [16, 
17] allow the prediction of poor outcomes with a high like-
lihood. However, both tests have low sensitivity as the ob-
servation of reflexes is highly subjective and the assessment 

of somatosensory evoked potentials requires expertise and 
is vulnerable to artifacts [18]. The possibility of utilizing the 
patient’s NSE level, an observer-independent marker, in the 
prognostication process, seems a very valuable addition for 
this period of treatment, even if prognostic accuracy does 
not meet the assumed accuracy criteria. 

On subsequent days of hospitalization, the sensitivity 
of NSE concentration thresholds calculated for a 5% FPR 
exceeded 53%; thus, we suggest using the following cutoff 
points calculated for 95% specificity: 78.7 ng/ml at 48 hours 
and 46.2 ng/ml at 72 hours. 

It is interesting to compare our results with those 
obtained by the Target Temperature Management After 
Cardiac Arrest (TTM) Trial investigators [6], as they have 
been using the same test to determine NSE levels. The 
subpopulation of the TTM Trial with NSE concentration 
testing is the largest cohort analyzed so far (686 partici-
pants) that has dealt with the problem of establishing the 
role of NSE levels as a neurological outcome predictor after 
OHCA. Our cutoff points were higher than those obtained 
by the TTM Trial investigators: 39.8 ng/ml vs 27 ng/ml 
for a maximized Youden index 24 hours after admission, 
78.7 ng/ml vs 42 ng/ml for 48 hours, and 46.2 ng/ml vs 
33 ng/ml for 72 hours, with an FPR of 5%, respectively. 
These discrepancies can be explained by differences in the 
study population. Patients with unwitnessed cardiac arrest 
with asystole as the initial rhythm were excluded from the 
TTM Trial but not from our study. This may explain why we 
noted a higher percentage of non-shockable rhythms in 
our population than in the TTM Trial (34% vs 19%). The TTM 
Trial included only patients with a presumed cardiac cause 
of OHCA, while in our cohort, 18% of cases were defined 
as noncardiac or of unknown origin. In our population, 
60% of the patients had TTM implemented, as compared 

Table 2. Neuron-specific enolase (NSE) concentration cutoff values for poor neurological prediction at each time point. Cutoff values are 
calculated to maximize the Youden index and at a fixed false-positive rate level of 5%

NSE, hours Cutoff, ng/ml Sensitivity, % 95% CI Specificity, % 95% CI

0
    Youden
    FPR <5

27.2
46.6

79
29

67–89
2–59

71
95

48–89
95–100

1
    Youden
    FPR <5

28.9
79.7

77
16

64–87
4–37

57
95

34–78
95–100

3
    Youden
    FPR <5

31.8
106.1

73
14

60–84
2–27

70
95

46–88
95–100

12
    Youden
    FPR <5

28.2
62.5

81
37

68–90
21–62

71
95

48–89
95–100

24
    Youden
    FPR <5

39.8
81.8

71
33

56–84
16–56

85
95

62–97
95–100

48
    Youden
    FPR <5

48.9
78.7

72
53

55–86
28–69

95
95

74–100
95–100

72
    Youden
    FPR <5

52.9
46.2

86
86

57–98
57–100

100
95

69–100
95–100

Abbreviations: CI, confidence interval; FPR, false-positive rate
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Figure 3. Kaplan–Meier curves showing the probability of a good outcome in relation to the quartile of neuron-specific enolase (NSE) level. 
A. At admission; B. After 12 hours; C. After 24 hours.

Abbreviations: see Table 1
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with 100% in the TTM Trial. Nevertheless, the observed 
differences in cutoff levels support the relatively cautious 
position of the ERC and prove the necessity for establishing 
diagnostic thresholds at each center in order to use NSE 
levels for neurological prognosis.

While NSE concentrations remain constant in patients 
with a good prognosis, patients with poor neurologic 
outcomes typically have elevated NSE levels, and in serial 
measurements, there is also a significant rise in NSE con-
centrations [6, 19]. This observation was also confirmed by 
our results, showing an increase in NSE concentrations over 
time and, therefore, providing additional prognostic value. 

Our results seem to have important clinical implica-
tions. The use of proposed NSE cutoffs, highly specific to 
poor neurological outcome, could be useful in determining 
therapeutic strategy. Objective, biochemical confirma-
tion of serious brain injury may facilitate the withdrawal 
of life-sustaining therapy. We hope that our results will 
encourage other Polish cardiac intensive care unit teams 
to implement NSE assessment in their prognostication 
algorithms for patients after OHCA.

Limitations
The main limitation of NSE testing is that NSE may also 
have extracerebral origins. Hemolysis is the main cause of 
false-positive results, and even if undetectable, it may affect 
NSE concentration test results [20]. There is also a low risk 
that some of the individuals in our cohort may have had 
undiagnosed neuroendocrine tumors. The possibility of 
non-neuronal sources of NSE affecting NSE levels can be 
avoided by testing concentrations directly in the cerebro-
spinal fluid. NSE determined in the cerebrospinal fluid may 
have more diagnostic accuracy than serum measurements 
[21]. However, the technically demanding procedure for 
obtaining cerebrospinal fluid for diagnostic purposes 
makes this approach highly impractical. 

CONCLUSIONS
Our results revealed that in the environment of  our center 
the NSE cutoffs measured at 48 hours and 72 hours may be 
useful in the prediction of poor prognosis after OHCA. The 
concentrations at first 24 hours are also of prognostic value, 
however, lower than those at 48 hours and 72 hours. The 
elevation of NSE levels and their rise in serial measure-
ments are confirmed to be a valuable prognostic tool in 
patients after OHCA and should be considered in everyday 
clinical practice.
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A bstract     
Background: Intervention-induced platelet hypercoagulability may pose a risk of serious adverse 
events for patients. 

Aims: This study aimed to assess whether surgical and transcatheter aortic valve replacement (SAVR 
and TAVR) differ in periprocedural platelet activity. 

Methods: The total number of 24 patients with a mean age (SD) of 71 (13) years who underwent SAVR 
(n = 12) or TAVR (n = 12) were recruited for the study. The following parameters were evaluated at 
4 time-points: (i) platelet indices: total platelet count (PLT), platelet distribution width (PDW) and mean 
platelet volume (MPV), (ii) MPV/PLT ratio, (iii) platelet level of lipid peroxidation: malondialdehyde (MDA) 
content and MDA/PLT ratio. Eventually, percentage variations of PLT, PDW, and MPV in relation to the 
baseline values were determined.

Results: MPV/PLT ratio increased significantly after procedures in both groups (P = 0.01 in TAVI and 
P = 0.01 in SAVR). MDA concentrations were significantly higher when assessed directly post-procedure 
(P = 0.04) as well as 24 hours later (P = 0.01) in the SAVR and TAVI groups. The indirect parameter of 
platelet activity indexed for platelet counts (MDA/PLT) was comparable between both groups before 
and 48 hours after procedures, but was significantly higher in SAVR patients, particularly after 24 hours 
after interventions (P = 0.04; medians TAVR vs SAVR, respectively).

Conclusions: Standard surgical aortic valve replacement is associated with a more pronounced 
platelet reaction to intervention-induced injury, as compared to the transcatheter-based procedure. 
The importance of these laboratory findings requires further investigation focused on early and late 
clinical outcomes.

Key words: human platelets, lipid peroxidation, surgical aortic valve replacement, transcatheter aortic 
valve implantation

Kardiol Pol 2021; 79, 5: 554–561

INTRODUCTION
Aortic stenosis (AS) is the most common valvular heart disease 
among elderly patients [1]. Symptomatic severe AS is associat-
ed with a survival rate of 50% if untreated [2]. Thus, to improve 
a patient’s prognosis it is crucial to undertake invasive treat-
ment on time. Currently, there are two therapeutic options 
for patients with severe AS: surgical aortic valve replacement 
(SAVR) and transcatheter aortic valve replacement (TAVR). 
SAVR is the treatment of choice in symptomatic patients with 

severe AS [3]. However, TAVR has lately become less invasive 
although valuable alternative to manage symptomatic pa-
tients at intermediate or high risk of surgical procedure [4, 5]. 
It has already been proven that TAVR is non-inferior to surgery 
when performed in experienced centers, with respect to the 
risk of death or stroke within 5 years of follow-up [6, 7]. The 
estimation has been made that the number of SAVR proce-
dures is expected to decrease significantly due to the growing 
number of TAVR procedures [8].
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W hat   ’ s  new   ?
Intervention-induced platelet hypercoagulability may pose patients to potentially serious adverse events. This study aimed to 
assess whether surgical and transcatheter aortic valve replacement (SAVR and TAVR), differ in periprocedural platelet activity caused 
by iatrogenic injury due to intervention. Demonstrating the significance of parameters regarding platelets number and function 
such as total platelet count (PLT), platelet distribution width (PDW) and mean platelet volume (MPV), MPV/PLT ratio, platelet level 
of lipid peroxidation measured by means of its final major product, malondialdehyde (MDA) content and MDA/PLT ratio, and the 
percentage variation of PLT, PDW and MPV in relation to the baseline values, may be valuable in our understanding the effect of 
heart procedures on platelet dysfunction. We demonstrated that standard surgical aortic valve replacement is associated with 
a more pronounced platelet reaction to iatrogenic injury due to intervention, as compared to transcatheter-based technique. 

Pathophysiology of AS is an overly complex issue. 
Impaired fibrinolysis, pronounced calcification, coagula-
tion, and platelet activation abnormalities contribute to 
the progression due to increased fibrin deposition and 
inflammation [9–11]. Platelet activity has an impact on 
the development of atherosclerosis. Platelets contribute to 
the early stage of vascular pathology, such as endothelial 
dysfunction and rupture of vulnerable plaque [12]. Platelet 
activation caused by atherosclerotic plaque rupture or ero-
sion of the endothelium contributes to the formation and 
progression of the atherothrombotic disease [13]. These 
processes lead to clinically relevant consequences — ad-
verse cardiovascular events such as myocardial infarction 
or stroke [14, 15]. The influence of platelet activity on the 
course of AS has been investigated, but results remain 
unequivocal [16]. 

Intervention-induced platelet hypercoagulability may 
pose patients to potentially serious adverse events. It has 
already been proven that platelets play a significant role in 
reparation after injury, wound healing, and organ regenera-
tion [17]. The coagulation cascade is initiated at the injured 
endothelial surface, where platelets migrate and a fibrin-rich 
clot is formed. Progressive postinjury thrombocytosis induc-
es a hypercoagulable state associated with an increased 
risk of thromboembolic complications [18]. Postinjury 
thrombocytosis seems to be an underestimated factor 
of a hypercoagulable state causing platelet hyperactivity.

As reported in the previous study, both TAVR and 
SAVR can induce systemic oxidative stress, although the 
former is associated with a significantly lower redox im-
balance and faster recovery of antioxidant capacity [19]. 
As established experimentally and through observational 
studies, increased levels of endo- and exogenous reactive 
oxygen species are important factors triggering platelet 
activation [20–22]. It is therefore important to understand 
whether there is an association between platelet-related 
oxidative stress and platelet function following TAVR and 
SAVR procedures. In this regard, malondialdehyde (MDA) in 
platelets appears to be a feasible marker and a link between 
oxidative stress and platelet activity, since it is a hallmark 
of lipid peroxidation, a common outcome of cellular redox 
imbalance [23]. Moreover, it correlates with platelet aggre-
gation in response to arachidonic acid, epinephrine, and 
collagen [24], and it is, besides thromboxane A2, a product 

of prostaglandin H2 conversion by thromboxane synthase 
[25, 26]. 

This study aimed to assess whether two available 
methods of AS treatment differ in periprocedural platelet 
activity caused by iatrogenic injury due to intervention. 
To this end, the platelet indices and platelet MDA were 
compared in patients undergoing TAVR and SAVR during 
the hospital stay.

METHODS
The total number of 24 patients with a mean age (SD) of 
71 (13) years who underwent SAVR (n = 12) or TAVR (n = 12) 
procedures between May 2016 and March 2017 were 
recruited for the study. The baseline characteristics of the 
studied group are summarized in Table 1. Written informed 
consent was obtained from each patient before participat-
ing in the research. The study protocol was approved by 
the Ethical Committee of the Medical University in Poznan 
(No. 968/15). All of the studied individuals fulfilled the cri-
teria for high-gradient AS defined according to the current 
European Societ of Cardiology guidelines [27].

The following parameters were evaluated in all stud-
ied patients: (i) platelet indices: total platelet count (PLT), 
platelet distribution width (PDW) and mean platelet 
volume (MPV), (ii) MPV/PLT ratio, (iii) platelet level of lipid 
peroxidation measured by means of its final major product, 
MDA content and MDA/PLT ratio, and (iv) the percentage 
variation of PLT, PDW and MPV in relation to the baseline 
values were also determined [28]. All parameters were 
measured at 4 time-points: pre-procedure, immediately 
post-procedure, then 1 and 2 days after the procedure. 
Subsequently, all values were compared between the two 
groups at each of the measured time-points: functional 
parameter (MDA) vs platelet morphological indicators (PLT, 
MPV, PDW, PLT/MPV). Additionally, the percentage varia-
tion of MDA vs PLT values, MDA vs PDW, MDA vs MPV, and 
MDA vs PLT/MPV ratio, in relation to the baseline values, 
were calculated.

Malondialdehyde concentration
The content of MDA was measured in isolated plate-
lets. Firstly, the platelet-rich plasma was obtained from 
the patient’s blood samples by centrifugation at 200 g for 
12 minutes. Platelet-rich plasma was then transferred to 
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polypropylene tubes, 1/10 vol acid citrate dextrose was 
added, centrifuged again at 900 g for 15 minutes. Plasma 
was aspirated and platelets were suspended in 200 µl of 
distilled water. The platelet MDA level was assessed using 
the TBARS Assay kit (Cayman Chemicals, Ann Arbor, MI, 
USA). The platelets were treated with 300 ml of RIPA Buffer 
(50 mM Tris-HCl, pH 7.4, 1% Triton X-100, 150 mM NaCl, 
1% Tergitol type NP-40, 0.5% sodium deoxycholate, 0.1% 
sodium dodecyl sulfate) to conduct the lysis of cellular 
components. The butylated hydroxytoluene was added 
to the RIPA Buffer to prevent artificial lipid peroxidation 
during platelet lysis. The samples were then centrifuged 
at 1600 g for 10 minutes and the resulting 100 µl of su-
pernatants were transferred to new tubes. The 800 µl of 
thiobarbituric acid was added to generate an MDA-thio-
barbituric acid adduct. The reaction was conducted 
at 95°C for 60 minutes, samples were then placed for 
10 minutes on an icebath for inhibition and centrifuged at 
1600 g for 10 minutes. The absorbance of the final product 
was measured at 532 nm using a SynergyHTX multi-mode 
plate reader (BioTek Instruments, Winooski, VT, USA). The 
MDA content, given as µM, was calculated by comparing 
the absorbance values to a calibration curve (r2 = 0.99) 
prepared using the MDA standard (Cayman Chemicals, 
Ann Arbor, MI, USA). 

Surgical aortic valve replacement
All operations were performed from full median sternot-
omy with the use of cardio-pulmonary bypass (CPB) in 
moderate hypothermia (28°C) and cardioplegic cardiac 
arrest according to St. Thomas Hospital II formula [29]. CPB 
was conducted through an arterial cannula introduced to 
the ascending aorta and a two-staged venous cannula to 
the right atrium. After the ascending aorta was opened, the 
aortic valve was completely removed and the aortic pros-
thesis using 2-0 sutures with Teflon pledges was implanted. 

After aortotomia was closed with 5-0 monofilament suture 
and de-airing of the left heart was completed, ascending 
aorta was de-clamped and reperfusion phase of CPB 
initiated. Successful weaning from CPB was followed by 
removal of all cannulas, protamine administration, careful 
hemostasis, and closure of the chest.

Percutaneous aortic valve implantation
Patients were eligible for TAVR based on the institutional 
heart team’s decision (interventional cardiologist, cardiac 
surgeon, and echocardiography specialist).

The pre-procedural evaluation included: coronary angi-
ography, transthoracic echocardiography (TTE) and trans-
esophageal echocardiography (TEE); contrast-enhanced 
computed tomography (CT) with off-line reconstruction 
to evaluate the aortic valve, and access site (femoral and 
iliac arteries). The final decision regarding the route of the 
vascular approach was made based on the results of the 
CT scan. General anesthesia or deep sedation was used 
during the procedures. The TTE monitoring was performed 
and a temporary pacemaker was inserted from the femoral 
vein for rapid pacing and as a backup in case of iatrogenic 
atrioventricular block consequences [30].

In patients with the percutaneous femoral approach, 
two Proglides™ were introduced before insertion of the 
vascular sheath. The Medtronic CoreValve Evolut R pros-
thesis was implanted in all cases. Once the prosthesis was 
correctly positioned, expanded, and deployed, the contrast 
injection was performed to assess the presence and degree 
of paravalvular leak. Control angiography of the access 
site was performed to assess vessel patency and possible 
bleeding [31]. 

Data presentation and statistical analysis
First, all continuous variables were checked for normality 
by means of the Shapiro–Wilk W test. Those meeting the 

Table 1. Baseline characteristics of studied patients (n = 24)

Variable SAVR (n = 12) TAVR (n = 12) P value

Gender (male), n (%) 7 (58) 6 (50) 0.7

Age, years, mean (SD) 63 (10) 80 (3) 0.001

Height, m, mean (SD) 1.67 (0.11) 1.64 (0.06) 0.43

Weight, kg, mean (SD) 78.8 (13.2) 74.2 (12.3) 0.39

BMI, kg/m2, mean (SD) 28.2 (3.9) 27.5 (4.7) 0.73

Obesity (BMI >30 kg/m2), mean (SD) 4 (33) 5 (42) 0.69

Prior medical history

Arterial hypertension, n (%) 8 (67) 5 (42) 0.24

Atrial fibrillation, n (%) 2 (17) 3 (25) 0.63

PCI, n (%) 3 (25) 5 (42) 0.41

Myocardial infarction, n (%) 0 (0) 3 (25) 0.08

Diabetes mellitus, n (%) 3 (34) 6 (50) 0.43

CABG, n (%) 1 (8) 2 (17) 0.56

COPD, n (%) 1 (8) 2 (17) 0.56

Stroke/TIA, n (%) 0 (0) 2 (17) 0.17

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; PCI, percutaneous coronary intervention; SAVR, 
surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation; TIA, transient ischemic attack
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criteria of normal distribution were presented as means 
with standard deviations and then compared with the 
use of unpaired Student t-test (between TAVI and SAVR 
groups) or repeated-measures ANOVA followed by post 
hoc Tukey HSD test (for time-related changes within 
groups). Otherwise (i.e., for not normally distributed con-
tinuous variables), they were expressed as the medians 
with interquartile range (IQR: first to third quartile) and 
then analyzed statistically by non-parametric tests such 
as Friedman test followed by Dunn’s multiple comparisons 
of ranks. Qualitative variables were compared by means 
of Yates’ corrected χ2 test. P-value <0.05 was considered as 
statistically significant. Analyses were performed with the 
use of Statistica 10.0 for the Windows package (StatSoft, 
Tulsa, OK, USA). 

RESULTS

PLT count 
In both groups, PLT decreased significantly following proce-
dures (P <0.001). However, this drop was more pronounced 
in the SAVR group (P = 0.02 vs TAVI) because in all postop-
erative analyses (samples ‘1’ to ‘3’) PLT count was markedly 
lower than before surgery, whereas in the TAVI group only 
between two points, before procedure vs 48 hours after it 
(Table 2). Interestingly, the intergroup comparison did not 
show any statistical significance (Figure 1).

MPV and PDW
In both groups, these platelet parameters did not change 
during the periprocedural period (MPV, P = 0.67 and 
P = 0.26; PDW, P = 0.05 and P = 0.16; respectively for TAVI 
and SAVR in ANOVA) (Table 3). Of note, MPV before the 
procedure was significantly lower in SAVR than in the 
TAVI group.

MPV/PLT
MPV/PLT ratio increased significantly after procedures in 
both groups (P = 0.01 in TAVI and P = 0.01 in SAVR), although 
its value did not differ between groups (Figure 2A).

Post-hoc analysis disclosed that marked increase in 
MPV/PLT ratio between baseline vs both 24 (P = 0.04) and 
48 hours (P = 0.01) after valve implantations in the SAVR 
group whereas in the TAVI group only between baseline 
and 48 hours after (P = 0.01) the procedures. These findings 
encouraged us to perform a more detailed analysis of this 
parameter. In the next step, a relative increase of this ratio 
was compared between groups and was found to be more 
pronounced 24 hours after procedures (Figure 2B).

Table 2. The results of non-parametric tests of multiple comparisons of platelet count

TAVI

SAVR ‘0’ ‘1’ ‘2’ ‘3’

‘0’ 0.624 0.239 0.010

‘1’ 0.022 1.000 0.777

‘2’ 0.020 1.000 1.000

‘3’ 0.003 1.000 1.000

Abbreviations: SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation; ‘0’, baseline; ‘1’, immediately post-procedure; 2’, 24 hours after procedure; 
3’, 48 hours after procedure

0

50

100

150

200

250

1’ 2’ 3’0’

TAVI SAVR

PLT [10e9/L]

Median 
with IQR

0’ 1’ 2’ 3’

TAVI 175 
(157–231)

141 
(117–182)

137 
(117–156)

112 
(99–137)a

SAVR 210 
(169–230)

144 
(102–164)

137 
(98–172)a

123 
(11–140)a

P value 0.600 0.470 0.862 0.624

Figure 1. Platelet counts in the periprocedural period.
aP <0.05 after (‘1’–‘3’) vs before procedure (‘0’) in multiple compari-
sons of ranks.
Abbreviations: PLT, platelet counts; SAVR, surgical aortic valve repla-
cement; TAVI, transcatheter aortic valve implantation

Table 3. Distribution of mean values and standard deviation (SD) of mean platelet volume (MPV) and platelet distribution width (PDW) 
depending on sampling time after transcatheter aortic valve implantation (TAVI) and surgical aortic valve replacement (SAVR) 

Sampling time

0’ 1’ 2’ 3’

MPV, fl PDW, % MPV, fl PDW, % MPV, fl PDW, % MPV, fl PDW, %

TAVI, mean (SD) 8.83 (0.91) 54.6 (5.4) 8.96 (1.05) 58.8 (5.2) 8.99 (0.86) 59.0 (6.5) 9.27 (0.98) 60.8 (7.0)

SAVR, mean (SD) 8.62 (1.04) 55.1 (5.7) 9.05 (1.17) 60.2 (6.0) 9.31 (1.36) 60.1 (6.6) 9.61 (1.24) 59.7 (6.1)

P value 0.04 0.70 0.30 0.49 0.80 0.48 0.70 0.75
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Figure 2. MPV/PLT ratio (A) and its relative changes (B) after proce-
dures.

Data are presented as the means with standard deviations (a) or the 
medians (b). *P < 0.05 TAVI vs SAVR.
Abbreviations: MPV, mean platelet volume; others: see Figure 1
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Figure 3. Total malondialdehyde (MDA) concentration (A) and its content in a single platelet (B). 
aNon-parametric continuous variables are presented as medians. *P <0.05 TAVI vs SAVR.
Abbreviations: see Figure 1

[%]  ‘1’ vs ‘0’ 2’ vs ‘0’ 3’ vs ‘0’

TAVI 31.4  
(17.2–39.8)

30.5  
(20.4–58.1)

60.4  
(47.9–81.9)

SAVR 56.2  
(42.0–86.6)

63.2  
(31.0–94.3)

85.4  
(62.8–114.6)

P value 0.09 0.04 0.34

MDA and MDA/PLT
Multiple comparisons of ranks test revealed that platelet 
levels of MDA were significantly higher soon after proce-
dures (P = 0.046) and 24 hours (P = 0.02) later in the SAVR 
group than in the TAVI group (Figure 3A).

The parameter of single platelet activity (i.e., MDA/PLT) 
was comparable between groups before and 48 hours after 
procedures but in the other sampling points its value was 
significantly higher in SAVR patients (Figure 3B). 

Multiple comparisons of MDA-to-PLT ratios within 
groups showed differences both in TAVI and SAVR pa-
tients. In the SAVR group, significant differences were noted 
not only after surgery (‘1’ vs ‘0’; P <0.001) but also 24 hours 
later (‘2’ vs ‘0’; P = 0.01) whereas in TAVI one only soon after 
procedures (‘1’ vs ‘0’; P = 0.02).

DISCUSSION 
Certain laboratory tests are done routinely in everyday 
clinical practice. The present study aimed to find out 
whether any of the available platelet-related indices such 
as PLT, MPV, PDW have importance in perioperative care in 
patients after TAVI and SAVR. 

The decrease in PLT after procedures was observed 
in both studied groups. Platelet count was significantly 
lower in patients after SAVR at each time point after the 
operation. It is worth mentioning that none of the in-
vestigated patients had severe thrombocytopenia that 
would require blood or platelet transfusion following 
the procedure. Reasons behind the decrease in PLT after 
SAVR have been studied before. Aortic valve replacement 
operation was carried out using cardio-pulmonary bypass 
in moderate hypothermia (28oC). According to previously 
published data, hemodilution and destructive effect of CPB 
often cause secondary thrombocytopenia [32]. Moreover, 
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preoperative use of antiplatelet agents and hypothermia 
aggravate thrombocyte dysfunction [33].

Platelet count drop has already been observed after 
SAVR but also following percutaneous interventions. It has 
been postulated that it is due to the use of low-osmolar 
contrast agents and unfractionated heparin administration 
during the procedure [34–36]. The decrease in PLT is also 
a consequence of blood loss during (although minimally 
but still invasive) intervention. Unsurprisingly, classical 
aortic valve replacement generates more pronounced 
blood loss than TAVI, which is a transcatheter procedure. 
However, in the present study, the PLT was significantly 
lower 48 hours after TAVI in comparison to baseline. There 
is evidence that patients who have a decrease in PLT 
following transcatheter aortic valve implantation are at 
increased risk of adverse events [37]. However, the exact 
mechanisms for the condition and its consequences require 
further investigation.

Other possible reasons for PLT decrease include dam-
age to the endothelium caused by prosthesis implantation 
and tissue injury. Moreover, shear stress modifications may 
play an important role in the platelet activation [38].

Large size platelets have increased metabolic and enzy-
matic activity profile and high prothrombotic potential [39]. 
It has been proven that increased MPV has an impact on 
myocardial infarction and cardiovascular death occurrence 
and thus is associated with worse outcome [40]. There is an 
inverse relationship between PLT and MPV observed in the 
physiological and pathophysiological state. The goal is to 
maintain hemostatic balance by the sustenance of constant 
platelet mass. The inflammatory process with enhanced 
thrombopoiesis is a clear example of this mechanism. The 
number of circulating platelets increases and many reactive 
large-sized platelets flow to the inflammatory site [41]. 

However, in the present study, no significant correla-
tion with MPV levels was observed among investigated 
patients. Only a trend towards an increase of MPV after 
invasive procedures was noted, probably due to the low 
number of subjects included in this study. 

Further study on a large group of patients is necessary 
to reveal whether any platelet-related laboratory test could 
serve as prediction markers and would be useful in the peri-
operative assessment of patients after SAVR or TAVI. Demon-
strating the significance of parameters regarding platelet 
number and function may be valuable in understanding the 
effect of heart procedures on platelet dysfunction. 

The aim of our study was also to use the levels of MDA in 
platelets in the assessment of oxidative stress. The present 
study has indicated that TAVR induced significantly lower 
redox imbalance as the platelet MDA content, the marker 
of lipid peroxidation, was lower than that in patients un-
dergoing SAVR. These findings have important implications 
— they support the observations of previous research in 
which oxidative stress was measured using several different 
oxidative-stress biomarkers in the patient’s serum [42]. 
Clearly, redox imbalance is less pronounced in the case 

of TAVI compared to SAVR, in which serum MDA levels in-
crease significantly right after the surgical procedure [43]. 
Lower MDA in platelets not only highlights less cellular 
injury but also relates to how the MDA can affect platelet 
reactivity. Previous research has indicated the detrimental 
activation of platelets in some patients after SAVR [44]. Al-
though platelet reactivity can be due to numerous factors 
and can be triggered via various pathways, reactive oxygen 
species are known to play their role as important media-
tors. For example, hydrogen peroxide supports platelet 
activation depending on arachidonic acid and collagen 
and triggers tyrosine phosphorylation of β3 [45, 46]. In turn, 
superoxide anion can enhance platelet activation by ADP, 
arachidonic acid, collagen, and thrombin, but also through 
scavenging endothelium- or platelet-derived nitric oxide 
[47, 48]. Therefore, reactive oxygen species can both induce 
oxidative stress in platelets and trigger their activation. 
Furthermore, MDA can be produced enzymatically by the 
thromboxane synthase in amounts equimolar to throm-
boxane A2 [49]. This further indicates that increased in-
traplatelet MDA content, more profoundly seen in patients 
undergoing SAVR, may also relate to the modification of 
thrombocyte function. Importantly, other studies suggest 
that suppression of platelet MDA levels can normalize 
arachidonate- and collagen-induced aggregation [50]. In 
SAVR patients, the post-procedural increase in this marker 
was higher than in TAVR, but a decreasing trend towards 
the baseline level was seen within 48 hours. This indicates 
that the potential effects of MDA on platelet activity were 
most likely ameliorated. 

Limitations
The limitations of the present study should also be high-
lighted. Firstly, the research encompassed a small sample 
size. It is an effect of the complex protocol including 
the performance of surgical procedures requiring many 
preparations, precise timing of blood sample collection 
at 4 accurate time-points and a proper sample transfer 
to the experimental laboratory for determination of 
MDA levels. Furthermore, there is a need to emphasize 
a significant difference in the age of patients in both 
studied groups (TAVI vs SAVR; mean 80 years vs 63 years, 
respectively). It is a consequence of the qualification 
process by the heart team according to European Society 
of Cardiology guidelines on the management of patients 
with severe symptomatic AS. TAVR is a method preferred in 
elderly and high-risk patients. The findings of the present 
study cannot be used to modify the antiplatelet therapy, 
although they lay a foundation for further investigations 
encompassing larger groups and additional platelet-re-
lated parameters.

CONCLUSIONS
Standard surgical aortic valve replacement is associated 
with a more pronounced platelet reaction to interven-
tion-induced injury, as compared to the transcathe-
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ter-based technique. The importance of these laboratory 
findings warrants further investigation focused on early, 
as well as late, clinical outcomes. Whether these findings 
are of any significance in terms of selecting the appro-
priate antiplatelet therapy after SAVR and TAVI requires 
further investigations.
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INTRODUCTION
The outbreak of the coronavirus disease 2019  
(COVID-19) has spread into a pandemic affect-
ing more than 76 million people worldwide 
and causing nearly 1.7 million deaths so far and 
has become a disaster for healthcare systems 
around the world. Moreover, similar to other 
pandemics of the past, it is forcing preponder-
ant alterations in many fields of medicine. 

According to current practice guidelines, 
a significant portion of patients with heart 
failure (HF) receive implantable cardiovert-
er-defibrillators (ICDs) with or without cardi-
ac resynchronization therapy (CRTs) due to 
well-evidenced clinical benefits which include 
a long-term improvement of prognosis [1]. In 
patients hospitalized for COVID-19, the pres-
ence of HF is a powerful independent predictor 
of mortality and in-hospital complications [2]. 

While a follow-up is a strongly recom-
mended element of care in patients with 
HF and ICD/CRT, including in many cases an 
in-person visit for clinical and technical eval-
uation of the implanted device, the pandemic 
has limited patient’s contact with the medical 
staff in order to obtain rigorous isolation 
and reducing a human-to-human possible 
virus transmission.

In accordance with the Heart Rhythm So-
ciety Guidance, direct medical visits should 
be limited as much as possible in favor of the 
use of telehealth solutions [3]. Furthermore, 
teleconsultations have been approved by the 
Polish National Health Fund and implemented 
countrywide. However, prior to the spread of 
the pandemic, the use of telemedical services 
for patients with HF and ICD/CRTs was not wide-
ly implemented in everyday clinical practice.

Although over the last years, the introduc-
tion of remote monitoring (RM) of ICD/CRTs 
has significantly improved the prognosis in 
HF-patients [4] and its role may be even more 
significant in the current difficult reality, it is 
well known that RM can be clinically effective 
when RM care is based on the experienced 
medical staff. This requires logistic solutions, 
such as developing a model of alert-triggered 
clinical reactions, which requires ample time 
to achieve [5]. Moreover, mainly due to reim-
bursement issues, the use of RM in Poland is 
restricted. Besides some initial data regarding 
their clinical efficacy [6], teleconsultations, as 
the only pattern of supervision in patients with 
HF and ICD/CRT to date, have not been widely 
examined. Therefore, there are some legitimate 
concerns about the safety of such a model of 
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supervision, especially regarding potentially lethal and 
clinically silent events (arrhythmic events, lead integrity 
defects, premature battery depletion, or device-related in-
fections).

Taking into consideration the above-mentioned is-
sues, the purpose of the present study was to analyze the 
landscape of follow-up in patients with HF and implanted 
ICD/CRTs during the first 2 months of the outbreak of 
COVID-19 in Poland. We strongly believe that the study 
may be a cornerstone for assessing the impact of the 
change in supervision related to the pandemic on long-
term clinical outcomes in patients with HF and ICD/CRTs 
in the future.

METHODS
We performed an analysis in consecutive patients with HF 
and implanted ICD/CRTs included in the multicenter regis-
try from 6 tertiary, academic, high-volume cardiovascular 
hospitals in Poland. The study compared follow-up routines 
from the 2-month observation period starting with the 
beginning of the COVID-19 epidemic in Poland (March 14th, 
2020) and the corresponding period of 2019. We investigat-
ed baseline characteristics, types of visits, ICD/CRT inter-
ventions, arrhythmic events, and clinical interventions. The 
percentage of individual forms of visits was calculated 
in relation to the number of all visits in the observation 
periods. At the same time, the number of interventions is 
presented in relation to the overall number of patients in-
cluded in the analysed groups. The study was approved by 
an appropriate institutional review board and — given the 
retrospective nature of the analysis — a written informed 
consent to participate in the study was not required.

Statistical analysis
The qualitative variables were expressed as absolute 
number and percentage and were analyzed with the 
χ2 test (where numbers were anticipated to be less than 
5, Yates’ correction for continuity was implemented). The 
distribution of continuous variables was verified using the 
Shapiro–Wilk test. Continuous variables were expressed 
as median and interquartile range (IQR). The significance 
of differences between median values was tested with 
the U-Mann–Whitney test. A P value of less than 0.05 was 
regarded as significant. Statistical analysis was performed 
using SPSS software version 25.0 (IBM Corp., Armonk, New 
York, United States).

RESULTS AND DISCUSSION
We recorded a reduction (16.5%) in the number of patients 
included in the study and in the control period (1259 and 
1508, respectively), which provided a basis for the analy-
sis. The baseline clinical and device characteristics were 
similar between the study groups (Table 1). During the 

coronavirus pandemic, a landscape shift in the follow-up 
care was observed, with a 16.8% reduction in all follow-up 
visits (1343 vs 1615), a higher rate of cancelled scheduled 
visits (15.8% vs 0.7%; P <0.001), scheduled telephone 
visits (66.7% vs 0%; P <0.001), and scheduled visits using 
only remote monitoring (14.4% vs 0%; P <0.001), as well 
as a lower rate of scheduled outpatients visits (20.1% vs 
87.6%; P <0.001). 

Despite the fact that significantly more patients with 
ICD/CRTs were supervised remotely (RM or teleconsulta-
tions), the rate of diagnosed appropriate ICD interventions 
(anti-tachycardia pacing or shock) due to life-threatening 
ventricular arrhythmias and the detection of de-novo atrial 
fibrillation remained similar in both groups (5.1% vs 4.4%; 
P = 0.43 and 2.62% vs 2.4%; P = 0.7, respectively). Equally, 
a proportion of diagnosed ICD/CRT technical dysfunctions 
were comparable in both analyzed time periods (3.5% vs 
2.65%; P = 0.7). However, a significantly lower rate of inap-
propriate ICD interventions, and any arrhythmia detections 
and clinical reactions, mainly due to a pharmacotherapy 
change, were recorded in 2020 (Table 1). Possible reasons 
for this appear to include the organizational changes in the 
health care system and the greater level of stress among 
patients [7, 8]. However, which is noteworthy, this was not 
related to urgent or scheduled hospitalization recommen-
dations (Table 1). 

The study shows a significant change in the rate and 
types of follow-up visits, inappropriate ICD interventions, 
any arrhythmia findings, and clinical reactions in patients 
with HF and implanted with ICD/CRTs during the first 
2 months of the COVID-19 pandemic in 6 high-volume 
cardiovascular centers in Poland. It is possible that the im-
pact, particularly on long-term clinical outcomes, requires 
further evaluation.

The study has been a retrospective analysis and it 
involves all the limitations related thereto.
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Table 1. A comparison of baseline and device characteristics, type of visits, and clinically important interventions in patients with heart 
failure and implantable cardioverter-defibrillators (with or without resynchronization). The study period is defined as the time between the 
state of epidemic introduced by the Polish government (March 14, 2020) and May 14, 2020. The control period was from March 14, 2019 to 
May 14, 2019

Variable Study period Control period P value

Patients 1259 1508

Baseline characteristics

Male 1003 (79.7) 1185 (78.6) 0.81

Age, years, median (IQR) 68 (15) 68 (15) 0.92

Ischemic aetiology 827 (65.7) 939 (62.3) 0.71

Implantation due to secondary prevention of SCD 189 (15) 256 (17) 0.61

RM 475 (37.7) 525 (34.8) 0.64

Device type 0.92

Single chamber ICD 464 (36.9) 558 (37.0)

Dual chamber ICD 326 (25.9) 404 (26.8)

Subcutaneous ICD 1 (0.1) 3 (0.2)

CRT 467 (37.1) 543 (36)

Device manufacturers 0.03

Abbott/St. Jude 244 (19.4) 332 (22)

Biotronik 235 (18.7) 302 (20)

Boston 410 (32.6) 398 (26.4)

Medtronic 369 (29.3) 476 (31.6)

Follow-up visits 

All follow-up visits 1343 1615

Cancelled scheduled visitsa 212 (15.8) 11 (0.7) <0.001

Scheduled outpatient visitsa 270 (20.1) 1415 (87.6) <0.001

Scheduled telephone visitsa 896 (66.7) 0 (0)

Scheduled visits using only RMa 194 (14.4) 0 (0) <0.001

Unscheduled outpatient visitsa 35 (2.6) 19 (1.2) 0.02

Unscheduled telephone visitsa 11 (0.8) 0 (0) 0.001 

Unscheduled visits triggered by patient or alert using only RMa 118 (8.8) 144 (8.9) 0.91

Appropriate ICD interventionb 64 (5.1) 67 (4.4) 0.43

VT 59 (4.7) 63 (4.2) 0.35

ATP during VT 55 (4.4) 56 (3.7) 0.65

Shock during VT 15 (1.2) 19 (1.3) 0.46

VF 12 (0.9) 17 (1.1) 0.42

Shock during VF 12 (0.9) 16 (1.1) 0.25

Electrical storm 9 (0.7) 5 (0.3) 0.42

Inappropriate ICD interventionb 12 (1.0) 24 (1.6) 0.03

AF de-novo episodeb 33 (2.6) 36 (2.4) 0.72

Any arrhythmiab 107 (8.4) 201(13.3) <0.001

ICD/CRT dysfunctionb 44 (3.5) 40 (2.7) 0.70

Any clinical reactionb,c 206 (16.4) 321 (21.3) <0.001

Phone contact 111 (8.8) 104 (6.9) 0.57

Pharmacotherapy change 82 (6.5) 137 (9.1) <0.001

Urgent hospitalization 41 (3.2) 47 (3.1) 0.52

Scheduled hospitalization 23 (1.8) 30 (2.0) 0.33

Data are presented as the number (percentage) of patients unless otherwise indicated.
aPercent of all visits in the analyzed period. bPercent of all patients included in the analyzed period. cDue to clinical and/or arrhythmic event.
Abbreviations: AF, atrial fibrillation; ATP, anti-tachycardia pacing; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter-defibrillator; IQR, interquartile range 
RM, remote monitoring; SCD, sudden cardiac death; VT, ventricular tachycardia; VF, ventricular fibrillation
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INTRODUCTION
In diabetic patients the coronary arteries appear 
angiographically smaller [1–5]. This is typically 
seen in the reference segments and may influ-
ence stent size selection. The possible explana-
tions for this appearance in diabetics include: 
(1) more diffuse disease, (2) less pronounced 
remodeling, or (3) authentically smaller vessel 
size. The aim of our study was to use coronary 
computed tomography angiography (CCTA) 
in order to compare the dimensions of normal 
coronary arteries in patients with and without 
diabetes mellitus.

METHODS
The current study is a subgroup analysis of 
a larger study focused on the anatomy of nor-
mal coronary arteries [6]. The study conduct 
complied with the Helsinki Declaration and 
was performed with agreement of institutional 
review board. Written consent was not required 
due to the retrospective character of the study. 
Demographic characteristics and patient risk 
factors were collected retrospectively by hospi-
tal chart review. The risk factor definitions have 
been described previously [6]. Patients with 
diabetes mellitus were case-control matched in 
a 1:3 ratio with non-diabetics, exactly according 
to sex and coronary dominance pattern and 
within 0.1 m2 maximal allowance of freedom 
for body surface area (BSA) calculated with the 
Du-Bois formula [7].

In all patients CCTA was performed after 
administration of sublingual nitroglycerin 
(0.8 mg). If necessary, intravenous boluses of 
metoprolol were given to reduce heart rate be-
low 75 bpm. The CCTA studies were performed 
with the use of a dual-source computed tomog-

raphy scanner (Somatom Definiton; Siemens 
Healthcare, Forchheim, Germany) as described 
previously [6].

The normal coronary artery was defined by 
CCTA as free of any calcification and detectable 
atherosclerosis. CCTA measurements were 
performed by a single reader at a dedicated 
workstation (Syngovia software, Siemens, 
Forchheim, Germany). The coronary artery 
dominance pattern and segmentation were 
defined according to the SYNTAX study criteria 
[8]. The distal coronary segments were excluded 
from the analysis. Lumen diameters (LD) and 
lumen areas (LA) were measured in all coronary 
segments. Mean values were computed using 
minimal and maximal dimension and then were 
used for the analyses.  

The statistical analyses were performed 
with MedCalc 9.3.8.0 (MedCalc, Marierkerke, 
Belgium). The categorical data are presented 
as numbers and percentages and analyzed with 
the χ2 test. The Shapiro-Wilk test was performed 
to assess the normality of data distribution. 
Continuous variables are presented as mean 
and standard deviation and compared with 
the t-test, or in the case of non-parametric 
distribution median with first and third quartile 
and compared with the Mann–Whitney U test. 
The Spearman test was used for the correlation 
analysis.  

RESULTS AND DISCUSSION
The population of 201 consecutive subjects 
without CCTA-detected coronary atheroscle-
rosis was described previously in an article 
focused on the influence of sex and coronary 
artery dominance pattern on the coronary 
segments dimensions [6]. Overall, in the cur-
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rent sub-analysis, there were 14 (7%) diabetic patients 
(4 males, mean [SD] age 58 [6] years) and 42 matched 
control subjects (12 males, mean [SD] age 51 [12] years). 
All diabetic patients had type 2 diabetes and were on oral 
antidiabetic medication (8 patients treated with metform-
in, 1 patient with glyclaside, 2 patients with inhibitors of 
dipeptidyl peptidase-4), except for 2 patients treated 
with insulin and 1 patient with newly diagnosed diabe-
tes with diet-controlled disease. The median duration of 
diagnosed diabetes was 5.5 years (Q1 = 2; Q3 = 9 years). 
Diabetic patients were older (58 [6] years vs 51 [12] years; 
P = 0.046), more often had arterial hypertension (100% 
vs 62%; P = 0.005), and their mean (SD) body mass index 
was higher (31.9 [5.6] kg/m2 vs 27.9 [3.3] kg/m2; P = 0.002). 
There were no differences in any coronary segments with 
regards to the LA or LD comparing the two groups (Table 
1). We did not find any correlation between the duration 
of diabetes and coronary dimensions including the left 
main coronary artery LA (r = -0.2; P = 0.48) and LD (r = -0.3; 
P = 0.38) and proximal right coronary artery LA (r = -0.5; 
P = 0.13) and LD (r = -0.5; P = 0.16).

Interobserver variability for appropriate measurements 
was reported previously [6]. 

The main finding of our study is that diabetes mellitus 
per se does not influence the dimensions of coronary ar-
teries in the absence of atherosclerosis. 

The coronary arteries in diabetics with coronary artery 
disease (CAD) appear angiographically smaller than in CAD 
patients without diabetes [1–5]. By excluding any influence 
of diabetes mellitus on non-atherosclerotic coronary artery 
dimensions, the most probable explanations for this find-
ing are either more diffuse atherosclerosis in diabetics or 
impairment of compensatory remodeling.

Coronary angiography can identify reduction of lumen 
size, but cannot explain its pathophysiological background. 

Moseri et al. [1] found that angiographically normal coro-
nary arteries in diabetic patients were smaller as compared 
with matched controls. The authors claimed that their 
findings represented the earliest phase of CAD. However, 
invasive angiography cannot exclude mild atherosclerotic 
lesions that can be identified by CCTA.

Coronary stenoses develop either due to plaque 
accumulation that outstrips the capacity of the coronary 
artery to adapt (limitation of positive remodeling) or 
due to inadequate or negative vessel remodeling with 
limited plaque accumulation. These two processes can 
be visualized with intravascular ultrasound (IVUS) stud-
ies or non-invasively with CCTA. Vavuranakis et al. [5] 
showed with IVUS that compensatory vessel response 
to atherosclerosis is impaired in diabetic patients which 
may explain earlier and accelerated disease progression. 
Jansen et al. [4] found blunted remodeling response to 
atherosclerosis accumulation in reference segments of 
diabetic subjects. A pooled analysis of 5 prospective IVUS 
studies showed inadequate compensatory remodeling 
in diabetics, especially insulin-dependent subjects [9]. 
Typically, the development of type 2 diabetes mellitus 
is proceeded by several years of hyperinsulinemia [10]. 
Moreover, the diagnosis of type 2 diabetes is usually 
delayed by 2 years and 7% of patients are unaware of 
the disease for up to 7 years [11]. In response to insulin, 
the smooth muscle proliferates; and the amount of fi-
brous tissue increases which together with endothelial 
dysfunction may impact the ability of the arterial wall 
to expand [12]. However, it has been unclear whether 
negative remodeling (i.e. vessel shrinkage) in diabetic 
patients may occur independently and prior to the plaque 
accumulation. The results of the current study of diabetic 
patients without any plaque accumulation suggest that 
negative remodeling does proceed the plaque formation 

Table 1. Comparison of lumen area and diameter in diabetic and control subjects

Segment Diabetic group (n = 14) Control group (n = 42) P value

LMCA LA, mm2, median (IQR) 21.7 (19.6–27.1) 21.3 (17.4–28.3) 0.64

LMCA LD, mm, mean (IQR) 5.4 (0.6) 5.3 (0.8) 0.60

Prox LAD LA, mm2, median (IQR) 11.8 (10.1–13,9) 11.5 (9.8-14.4) 0.81

Prox LAD LD, mm, median (IQR) 3.9 (3.6–4.2) 3.9 (3.6–4.3) 0.87

Mid LAD LA, mm2, mean (SD) 7.3 (2.5) 6.9 (2.1) 0.53

Mid LAD LD, mm, mean (SD) 2.9 (0.5) 2.9 (0.5) 0.57

OM LA, mm2 median, (IQR) 3.6 (2.9–4.0) 2.9 (2.4–3.9) 0.19

OM LD, mm, mean (SD) 2.0 (0.3) 1.8 (0.3) 0.14

IM LA, mm2, median (IQR) 2.0 (1.9–4.2) 3.3 (2.2–4.1) 0.33

IM LD, mm, median (IQR) 1.5 (1.4–2.1) 1.9 (1.6–2.1) 0.31

Prox LCX LA, mm2, mean (SD) 12.6 (4.2) 10.4 (4.1) 0.09

Prox LCX LD, mm, mean (SD) 3.9 (0.7) 3.6 (0.7) 0.09

Mid LCX LA, mm2, mean (SD) 12.9 (4.3) 10.7 (4.1) 0.44

Mid LCX LD, mm, mean (SD) 4.0 (0.7) 3.7 (0.7) 0.45

Prox RCA LA, mm2, mean (SD) 13.1 (4.6) 12.5 (4.2) 0.66

Prox RCA LD, mm, mean (SD) 4.0 (0.6) 3.9 (0.7) 0.68

Mid RCA LA, mm2, mean (SD) 11.1 (4.9) 9.4 (4.1) 0.20

Mid RCA LD, mm, mean (SD) 3.7 (0.9) 3.4 (0.8) 0.26

Abbreviations: IM, intermediate artery; LA, lumen area; LAD, left anterior descending coronary artery; LCx, left circumflex coronary artery; LD, lumen diameter; LMCA, left 
main coronary artery; mid, middle; OM, obtuse marginal branch; IQR, interquartile range; prox, proximal; RCA, right coronary artery; SD, standard deviation
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and that the reduction of luminal diameters only begins 
with the start of plaque accumulation.

All the diabetics and control patients routinely received 
sublingual nitroglycerin prior to CCTA. It is possible that the 
size of coronary arteries in diabetic patients was smaller 
at baseline, due to lower levels of nitric oxide mediated 
vasodilation (i.e.. endothelial dysfunction) [13]. 

The current study has some limitations. The study is 
retrospective, and the population is small. However, dia-
betes is one of the strongest risk factors of the CAD and 
the diabetic patients with coronary tree virtually free from 
atherosclerosis are not common. The median duration of 
diabetes was 5.5 years. However, as stated above the pre-
diabetic state and even undiagnosed diabetes could have 
been present for much longer period. 
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Implementation of laser equipment in a center experienced  
in lead extraction: safety and efficacy within 1-year follow-up

Agnieszka Katarzyńska-Szymańska, Maciej Grymuza, Lidia Chmielewska-Michalak, Jacek Migaj, Mikołaj Barczyński, 
Romuald Ochotny, Maciej Lesiak, Przemysław Mitkowski

1st Department of Cardiology, Poznan University of Medical Sciences, Poznań, Poland

INTRODUCTION
As the use of cardiac implantable electronic de-
vices (CIEDs) increases, so does the number of 
indications for their removal. Advancements in 
transvenous lead extraction (TLE) have brought 
physicians to use a variety of methods, includ-
ing laser-assisted lead extraction (LALE) [1, 2].

The LALE procedure offers a potentially 
higher efficacy and the complication rate 
comparable to other TLE techniques. However, 
implementation of a new method is always as-
sociated with the risk of complications (learning 
curve) even in experienced teams [3]. 

METHODS
In this single-center registry we evaluated the 
safety and efficacy of LALE in our center that is 
highly experienced in TLE using a mechanical 
telescopic sheath. The study period involved 
two parts: June 27, 2009 through November 
26, 2011, when the equipment was rented, 
and January 5, 2018 throgh January 29, 2019, 
when it was bought. It was a retrospective, 
observational study, and patients were treated 
according to the guidelines, hence there was 
no necessity to obtain consent from patients to 
take part in the study, nor to gain the approval 
of the Ethics Committee [1, 4]. All patients ad-
mitted to the hospital were eligible for TLE on 
elective judgement or as a bailout. 

Before the surgery, informed written con-
sent for the procedure was obtained, blood 
samples were collected for basic laboratory 
tests and for securing blood in case of trans-
fusion, and also chest X-rays were taken in all 
patients. Transthoracic echocardiography (TTE) 
exams were performed using the GE Vivid 6 on 
admission in the echocardiography exami-
nation room and during the procedure, with 
sterile probe cover, in the electrophysiology 

room. TLE surgeries were performed in the 
electrophysiology room equipped with high 
quality stationary fluoroscopy and medical gas 
supplies where in case of emergency on-site 
rescue procedures can be implemented. The 
cardio-surgical and anesthetic back-up, as well 
as transesophageal echocardiography were 
immediately available. Basic vital signs (heart 
rhythm, blood pressure, pulse oximetry) were 
continuously monitored during the procedure 
and for at least 4 hours after surgery. Trans-
venous temporary pacing lead was inserted 
through the femoral vein, if needed. LALE was 
the technique of choice, although conversion 
from mechanical extraction was necessary in 
5 cases. The extraction technique is described 
in Supplementary material.

Endpoints were classified according to 
the guidelines [1, 4]. Complete procedural 
success was defined as the removal of all tar-
geted leads from the vascular space, without 
any permanently disabling complications or 
procedure-related deaths. Clinical success in 
cases in which a small portion of the lead (less 
than 4 cm) remained in a vascular space and is 
not detrimental to the clinical outcome. Failure 
was defined as the inability to achieve either 
complete procedural or clinical success, or the 
occurrence of a major complication or proce-
dure-related death. 

Statistical analysis
Continuous variables are expressed as median 
values and 1st and 3rd quartiles (Q1–Q3) and 
categorical data are reported as frequencies 
and percentages. Statistics were completed 
using Statistica 13 software (Statistica, TIBCO 
Software Inc., Palo Alto, California, USA). The 
groups were compared using the Mann–Witney 
U test (W Shapiro–Wilk test showed non-nor-
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mally distributed data), and a P <0.05 was considered to 
be significant. 

RESULTS AND DISCUSSION
Laser-assisted lead extraction procedures were performed 
in 33 patients (24 men) at a median age of 64 years (57–74). 
We attempted to remove 49 leads. Detailed patient, lead 
and device characteristics are described in Table S1 and 
Table S2 in Supplementary material. Indications for lead 
extraction were: lead failure (15 [45.5%]), pocket infection 
(9 [27.3%]), cardiac device-related infective endocarditis 
(CDRIE) (5 [15.2%]), elective lead replacement (2 [6%]), and 
dislocation of the lead (2 [6%]). 

Clinical success was achieved in 31 (94%) patients, 
whereas complete lead removal was achieved in 92% of 
lead extraction (45 leads). Complete procedural success 
appeared in 30 (91%) patients. TLE failure occurred in 
3 patients with a dual-chamber pacemaker and was caused 
by inability to remove targeted leads from the vascular 
space in 2 cases and procedure-related death in 1 case. 
As a result, we noticed 4 failures of lead extraction (8%) in 
3 patients. The mean lead dwell time of the failed extrac-
tion leads was 13.6 years (163 months [9–17 months]). The 
clinical success of the first 2 cases was confirmed during 
follow-up, and overall clinical success was 97% (32 out of 
33 patients).

In-hospital complications related to procedure were di-
vided, according to guidelines, into major (including death 
in 1 [3%] patient and cardiac avulsion in 2 [6%] patients) 
and minor (pericardial effusion not requiring surgical inter-
vention in 2 [6%] patients and blood transfusion related to 
blood loss during surgery in 1 [3%] patient) [1, 4]. 

In 4 cases, a second procedure in the same patient was 
necessary to achieve procedural success, and in one situa-
tion, surgical removal of the lead was necessary. 

It is worth noting that the last 9 out of all patients who 
underwent LALE did not have any complications. Those 
procedures were performed after purchase of the labo-
ratory’s own laser generator and after implementing the 
rule that a laser sheath was used only if the locking stylets 
reached the tip of the lead. Another factor that could have 
influenced that observation was the team’s experience 
which had increased since the first use of LALE procedures. 

During the follow-up, 11 out-of-hospital deaths were 
reported. There were three deaths between first and twelfth 
months after the procedure. The median time of death 
after 1 year was 53 months (range, from 17 to 86 months). 

We performed an analysis of all-cause mortality, and 
the patients who died were older and had higher creatinine 
levels (Table 1).

The demographics, lead data, groups of indications for 
TLE are mostly comparable with other studies; however, 
there were some differences, for example the number of 
patients with pacemakers (45.4% vs 70%) [5, 6]. Also pro-
portions of certain indications were different. In our study, 
the main indication for TLE was lead failure. The ELECTRa 
registry shows the same frequency of infectious and nonin-
fectious indications in Europe [7]. Similarly, in the study by 
Ząbek et al. [8], both CDRIE and pocket infection together 
did not account for 20% of TLE indications. 

In our study, the clinical success was achieved in 94% 
of cases, while Kennergren et al. [6] achieved an efficacy 
of 97.6% leads. Wazni et al. [9] described efficacy of 92.2% 
in operated patients, while Byrd et al. [10] reported com-
plete success in 90% of leads. In our study, the mean lead 
dwell time was 150 months. In other studies it was much 
shorter, e.g. 91 months [6]. Byrd et al. [10] observed that 
removal of lead implanted more than 10 years prior to the 
procedure was a predictor of procedural failure. Kennegren 
et al. [6] also reported that a longer time from implanta-

Table 1. Comparison of survivors and non-survivors in the studied patients 

All-cause one-year mortality

Deaths (n = 13), median (IQR) Alive (n = 20), median (IQR) P value

Age, years 68 (64–77) 59.5 (50.5–70) 0.02

BMI, kg/m2 25 (24–28) 28 (24.5–30.5) 0.12

WBC, k/µl 8.1 (6.3–8.9) 7.9 (6.7–9.1) 0.87

RBC, M/µl 4.3 (3.4–4.7) 4,5 (4.2–4.8) 0.74

Hemoglobin, mmol/l 8.4 (8.0–8.9) 8.9 (7.9–9.4) 0.59

Hematocrit, % 41.5 (37–43) 41.8 (38–44) 0.99

Platelets, K/µl 188.5 (161–219) 201 (172–245) 0.25

CRP, mg/l 7.8 (1.3–16.1) 4.7 (1.4–17.2) 0.84

Creatinine, µmol/l 122 (93–135.4) 90.1 (74.6–124.8) 0.03

LVEDD, mm 50 (43–70) 53.5 (47–58) 0.95

LA, mm 48.5 (39–52) 44.5 (38–47) 0.13

Ejection fraction, % 45 (25–60) 55 (35–60) 0.20

Age of the lead, years 7 (4–15) 8 (6–10) 0.91

Age of the oldest lead, years 7 (4–15) 8 (6–10) 0.57

Age of all extracted leads, years 14 (5–17) 9.5 (7–16.5) 0.61

Abbreviations: IQR, interquartile range; BMI, body mass index; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; LA, left atrium dimension; LVEDD, left ventri-
cular end diastolic diameter; RBC, red blood cell count; WBC, white blood cell count
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tion to removal was associated with a higher incidence 
of procedure failure, although it did not reach a level of 
statistical significance. 

In the presented study the rate of major complications 
was 6%, while in other studies it ranged from 4% in the 
Wazni et al. [9] study, through 2.5% in the laser group in 
the PLEXES trial [11], through 2.1% in the Byrd et al. [10] 
study, to 1.7% in the ELECTRa Registry [7]. 

The analysis of all-cause mortality shows that older 
age and a higher creatinine level are predictors of a worse 
outcome of TLE. This result is similar to the study by Brunner 
et al. [12]. Also Jacheć et al. [13] demonstrated that heart 
failure, chronic kidney disease, and pacemaker infections 
together with minor complications influenced 30-day 
mortality. 

CONCLUSIONS
It is unlikely to prove that introducing new procedures like 
the new method of lead extraction is safe and effective. 
The implementation of new surgical methods should be 
initiated in centers that are already highly experienced, 
and which initiate contemporary practice. It is important 
to apply a risk-benefit analysis, especially in patients with 
class II TLE indications, taking into consideration risk factors 
such as older age and kidney impairment, which are proven 
to worsen outcomes of patients after TLE. 

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.

Article information
Conflict of interest: None declared.

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, allowing to download articles and 
share them with others as long as they credit the authors and the 
publisher, but without permission to change them in any way or use 
them commercially. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

How to cite: Katarzyńska-Szymańska A, Grymuza M, Chmielewska- 
-Michalak L, et al. Implementation of laser equipment in a center expe-
rienced in lead extraction: safety and efficacy within 1-year follow-up. 
Kardiol Pol. 2021; 79(5): 569–571, doi: 10.33963/KP.15983.

REFERENCES
1.	 Wilkoff BL, Love CJ, Byrd CL, et al. Heart Rhythm Society, American Heart 

Association. Transvenous lead extraction: Heart Rhythm Society expert 
consensus on facilities, training, indications, and patient management: 
this document was endorsed by the American Heart Association (AHA). 
Heart Rhythm. 2009; 6(7): 1085–1104, doi: 10.1016/j.hrthm.2009.05.020, 
indexed in Pubmed: 19560098.

2.	 Deharo JC, Bongiorni MG, Rozkovec A, et al. European Heart Rhythm 
Association. Pathways for training and accreditation for transvenous 
lead extraction: a European Heart Rhythm Association position paper. 
Europace. 2012; 14(1): 124–134, doi: 10.1093/europace/eur338, indexed 
in Pubmed: 22167387.

3.	 Ghosh N, Yee R, Klein GJ, et al. Laser lead extraction: is there a learning 
curve? Pacing Clin Electrophysiol. 2005; 28(3): 180–184, doi: 10.1111/j.1540-
8159.2005.09368.x, indexed in Pubmed: 15733175.

4.	 Bongiorni MG, Burri H, Deharo HS, et al. 2018 EHRA expert consensus state-
ment on lead extraction: recommendations on definitions, endpoints, 
research trial design: endorsed by APHRS/HRS/LAHRS. Europace. 2018; 
2-(7): 1217, doi: 10.1093/europace/euy050, indexed in Pubmed: 29566158.

5.	 Brunner MP, Cronin EM, Duarte VE, et al. Clinical predictors of adverse 
patient outcomes in an experience of more than 5000 chronic endovas-
cular pacemaker and defibrillator lead extractions. Heart Rhythm. 2014; 
11(5): 799–805, doi: 10.1016/j.hrthm.2014.01.016, indexed in Pubmed: 
24444444.

6.	 Kennergren C, Bjurman C, Wiklund R, et al. A single-centre experience of 
over one thousand lead extractions. Europace. 2009; 11(5): 612–617, doi: 
10.1093/europace/eup054.

7.	 Bongiorni MG, Kennergren C, Butter C, et al. ELECTRa Investigators. The 
European Lead Extraction ConTRolled (ELECTRa) study: a European 
Heart Rhythm Association (EHRA) registry of transvenous lead extrac-
tion outcomes. Eur Heart J. 2017; 38(40): 2995–3005, doi: 10.1093/eu-
rheartj/ehx080, indexed in Pubmed: 28369414.

8.	 Ząbek A, Ulman M, Holcman K, et al. Inflammatory markers in the 
diagnostic workup of pacemaker- and defibrillatorrelated infections 
in patients referred for transvenous lead extraction. Kardiol Pol. 2019; 
77(10): 918–925, doi: 10.33963/KP.14934, indexed in Pubmed: 31424054.

9.	 Wazni O, Epstein LM, Carrillo RG, et al. Lead extraction in the contempo-
rary setting: the LExICon study: an observational retrospective study of 
consecutive laser lead extractions. J Am Coll Cardiol. 2010; 55(6): 579–586, 
doi: 10.1016/j.jacc.2009.08.070, indexed in Pubmed: 20152562.

10.	 Byrd CL, Wilkoff BL, Love CJ, et al. Clinical study of the laser sheath for 
lead extraction: the total experience in the United States. Pacing Clin 
Electrophysiol. 2002; 25(5): 804–808, doi: 10.1046/j.1460-9592.2002.t01-
1-00804.x, indexed in Pubmed: 12049372.

11.	 Wilkoff BL, Byrd CL, Love CJ, et al. Pacemaker lead extraction with the 
laser sheath: results of the pacing lead extraction with the excimer 
sheath (PLEXES) trial. J Am Coll Cardiol. 1999; 33(6): 1671–1676, doi: 
10.1016/s0735-1097(99)00074-1, indexed in Pubmed: 10334441.

12.	 Brunner MP, Yu C, Hussein AA, et al. Nomogram for predicting 30-day 
all-cause mortality after transvenous pacemaker and defibrillator lead 
extraction. Heart Rhythm. 2015; 12(12): 2381–2386, doi: 10.1016/j.
hrthm.2015.07.024, indexed in Pubmed: 26190318.

13.	 Jacheć W, Polewczyk A, Polewczyk M, et al. Risk factors predicting com-
plications of transvenous lead extraction. Biomed Res Int. 2018; 2018: 
8796704, doi: 10.1155/2018/8796704, indexed in Pubmed: 30662917.

http://dx.doi.org/10.1016/j.hrthm.2009.05.020
https://www.ncbi.nlm.nih.gov/pubmed/19560098
http://dx.doi.org/10.1093/europace/eur338
https://www.ncbi.nlm.nih.gov/pubmed/22167387
http://dx.doi.org/10.1111/j.1540-8159.2005.09368.x
http://dx.doi.org/10.1111/j.1540-8159.2005.09368.x
https://www.ncbi.nlm.nih.gov/pubmed/15733175
http://dx.doi.org/10.1093/europace/euy050
https://www.ncbi.nlm.nih.gov/pubmed/29566158
http://dx.doi.org/10.1016/j.hrthm.2014.01.016
https://www.ncbi.nlm.nih.gov/pubmed/24444444
http://dx.doi.org/10.1093/europace/eup054
http://dx.doi.org/10.1093/eurheartj/ehx080
http://dx.doi.org/10.1093/eurheartj/ehx080
https://www.ncbi.nlm.nih.gov/pubmed/28369414
http://dx.doi.org/10.33963/KP.14934
https://www.ncbi.nlm.nih.gov/pubmed/31424054
http://dx.doi.org/10.1016/j.jacc.2009.08.070
https://www.ncbi.nlm.nih.gov/pubmed/20152562
http://dx.doi.org/10.1046/j.1460-9592.2002.t01-1-00804.x
http://dx.doi.org/10.1046/j.1460-9592.2002.t01-1-00804.x
https://www.ncbi.nlm.nih.gov/pubmed/12049372
http://dx.doi.org/10.1016/s0735-1097(99)00074-1
https://www.ncbi.nlm.nih.gov/pubmed/10334441
http://dx.doi.org/10.1016/j.hrthm.2015.07.024
http://dx.doi.org/10.1016/j.hrthm.2015.07.024
https://www.ncbi.nlm.nih.gov/pubmed/26190318
http://dx.doi.org/10.1155/2018/8796704
https://www.ncbi.nlm.nih.gov/pubmed/30662917


572 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

Correspondence to:
Jarosław Drożdż, MD, PhD,
2nd Department 
Cardiology,
Medical University of Lodz, 
Pomorska 251, 92–213 
Łódź,
phone: +48 42 201 43 08,
e-mail: jaroslaw.drozdz@
umed.lodz.pl

Copyright by the 
Author(s), 2021

Kardiol Pol. 2021;   
79 (5): 572–574;   
DOI: 10.33963/KP.15984

Received:  
March 11, 2021

Revision accepted:  
April 22, 2021

Published online:  
April 29, 2021

�� S H O R T  C O M M U N I C A T I O N

Hospitalizations and interventional procedures in cardiology 
departments in the region of 2.5 million inhabitants during 
the SARS-CoV-2 pandemic
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INTRODUCTION
The COVID-19 pandemic has affected many 
aspects of our lives. This applies in particular 
to healthcare, and it is important to understand 
that it is not only restricted to aspects that are 
directly related to the diagnosis and treatment 
of SARS-CoV-2 infection. Other medical spe-
cialties face a number of barriers and everyday 
difficulties in carrying out their work and the 
consensus is that the care of patients with 
other diseases has deteriorated recently, thus 
a term of a syndemic has been coined to reflect 
collateral damage to non-communicable dis-
eases care. It is disturbing that this also applies 
to cardiovascular diseases, which are the most 
common cause of death in Poland [1, 2].

A multicenter study from 15 European coun-
tries shows a 32% decrease in the number of pa-
tients hospitalized in cardiology departments [3]. 
The reduction in the number of acute coronary 
syndromes in the analysis was 32% in ST-seg-
ment elevation myocardial infarction (STEMI), 
44% in non-ST-segment elevation myocardial 
infarction (NSTEMI), and 21% in unstable angina 
(UA) [3]. Recent data published by the National 
Registry of Interventional Cardiology Procedures 
in Poland, the respective percentages are 36%, 
39%, and 58%, with an accompanying 74% de-
crease in the number of procedures in chronic 
coronary syndromes [4]. The number of coronary 
angiography and angioplasty in high-volume 
interventional cardiology centers in Poland 

decreased 44% and 36%, respectively [5] with 
significant regional disparities [6]. 

The main goal of this publication is to 
compare quantitative data of cardiac hospi-
talizations and coronary interventions in years 
2019–2020 from all cardiology departments 
that provide care to the population of 2.5 mil-
lion inhabitants of the Lodz Voivodship.

METHODS
Every year, the National Cardiology Consultant 
and regional representatives send a question-
naire to all heads of cardiology departments in 
Poland. The results of the questionnaire include 
the number of performed cardiological proce-
dures, predominantly coronary interventions 
and electrocardiology. The analysis of the data 
is used by the National Cardiology Consultant 
in planning activities as part of his professional 
duties and it is the subject of joint discussions 
at annual meetings.

In order to calculate the actual impact of 
the COVID-19 pandemic on the work of cardi-
ology departments, the 2020 questionnaire was 
sent to all 22 cardiology departments in Lodz 
Voivodship, referring to the same areas of activ-
ity of the centers, but divided into consecutive 
quarters of 2020. The date of hospital discharge 
(before or after April 1st, 2020) was adopted as 
a decisive factor for assigning a given procedure 
to the prepandemic quarter. As the Ministry of 
Health declared the national state of epidemics 
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on March 20, 2020, we assumed that the consequences in 
terms of numbers of procedures could be detected starting 
from the second quarter of 2020.

The scope of the analysis included the number of 
beds, the composition of the medical staff, the number of 
hospitalizations and coronary interventions in each center, 
divided into the following categories: coronary angiogra-
phy (CORO), coronary angioplasty (PTCA), STEMI, NSTEMI, 
UA and chronic coronary syndromes (CCS). Data on the 
procedures performed in the field of electrocardiology will 
be analyzed separately. 

Statistical analysis
For that statistical analysis the hospital administrative data 
was used, therefore the Ethics Committee agreement was 
not required. The Wilcoxon’s test was carried out in order 
to determine whether the paired sets of data collected by 
the 22 cardiology departments were statistically different. 
Statistical analysis was performed in STATISTICA 13.1 soft-
ware (TIBCO Palo Alto, CA, USA) and P values at the level of 
0.05 were considered statistically significant. 

RESULTS AND DISCUSSION
The total number of beds in cardiology departments 

did not change significantly (561 in  2019 vs 580 in 
Q1 2020, P = 0.47; 561 in 2019 vs 564 in Q2 2020, P = 0.80; 
561 in 2019 vs 533 in Q3 2020, P = 0.62; 561 in 2019 vs 
577 in Q4 2020, P = 0.62). This includes similar numbers 
of Intensive Cardiology Unit beds (149 in 2019 vs 152 in 
Q1 2020 P = 0.19; 149 in 2019 vs 150 in Q2 2020, P = 1.00; 
149 in 2019 vs 144 in Q3 2020, P = 0.42; 149 in 2019 vs 149 in 
4Q 2020, P = 1.00), with similar numbers of working cardiol-
ogists (216 in 2019 vs 214 in Q1 2020, P = 0.61; 216 in 2019 vs 
216 in Q2 2020, P = 0.58; 216 in 2019 vs 227 in Q3 2020, 
P = 0.31; 216 in 2019 vs 228 in Q4 2020, P = 0.31). The fol-
lowing total numbers of beds (with numbers of Intensive 
Cardiology Units beds in parentheses) were dedicated to 
COVID-19 patients in the consecutive quarters of 2020: Q1, 
0 (0); Q2, 20 (8); Q3 14 (8); Q4, 60 (20).  

The relative numbers of hospitalizations and coronary 
procedures in 2019 and consecutive quarters of 2020 are 
presented in Figure 1. The Supplementary material presents 
all 22 heads of cardiology departments, all numerical data, 
statistical analysis, as well as the original survey. 

The key information resulting from the presented data 
is a statistically significant decrease in a total of hospi-
talizations and a noticeable but statistically insignificant 
decrease in the number of interventions in NSTEMI patients 
in the pandemic quarters of 2020 compared to the quar-
terly average of 2019. In addition, there is only a modest 
decrease in the number of interventions in STEMI patients 
with a statistically significant difference detected only be-
tween the average value in 2019 quartely and in the first 
quarter of 2020 (the average value of 508 in 2019 vs 522, 
447, 493, 442 in consecutive quarters of 2020). There is also 
a statistically significant decrease in the total number of 

PTCAs between the first and third quarter of 2020 and the 
quarterly average of 2019 (2019 in the year 2019 vs 2283, 
1946, 2131, 1717 in consecutive quarters of 2020).

These observation indicate a good adaptation of the 
guidelines of the European Society of Cardiology [7], the 
Polish Cardiac Society [8], at least regarding the number of 
coronary procedures in the emergency states. The lack of 
significant decrease in the number of STEMI patients who 
underwent interventional treatment seems to confirm the 
high efficacy of the teams’ work.  

On the other hand, a significant reduction of interven-
tional revascularization procedures in NSTEMI is likely to 
generate heart failure patients in the future. Additionally, 
the significant decrease in the total number of hospitali-
zations not aimed at coronary interventions is worrying. 

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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Figure 1. Hospitalizations and coronary procedures in all cardiolo-
gy departments in Lodz Voivodship in years 2019–2020, shown as 
a percentage of the mean numbers in the corresponding quarters  
(Q) of 2019. The list of items was ranked from the highest percenta-
ge in Q4 2020.

Abbreviations: CCS, chronic coronary syndrome; CORO, corona-
ry angiography; NSTEMI, non-ST-segment elevation myocardial 
infarction; PTCA, coronary angioplasty; STEMI, ST-segment elevation 
myocardial infarction; UA, unstable angina

0

20

40

60

80

100

Q1 2020 Q2 2020 Q3 20202019

STEMI
PTCA
UA
CSS

Q4 2020

[%]
200

CORO
NSTEMI
Hospitalizations



574

K A R D I O L O G I A  P O L S K A ,  2 0 2 1 ;  7 9  ( 5 )

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

REFERENCES
1.	 Huet F, Prieur C, Schurtz G, et al. One train may hide another: Acute 

cardiovascular diseases could be neglected because of the COV-
ID-19 pandemic. Arch Cardiovasc Dis. 2020; 113(5): 303–307, doi: 
10.1016/j.acvd.2020.04.002, indexed in Pubmed: 32362433.

2.	 Clerkin KJ, Fried JA, Raikhelkar J, et al. COVID-19 and cardiovascular 
disease. Circulation. 2020; 141(20): 1648–1655, doi: 10.1161/CIRCULA-
TIONAHA.120.046941, indexed in Pubmed: 32200663.

3.	 Sokolski M, Gajewski P, Zymliński R, et al. Impact of coronavirus disease 
2019 (COVID-19) outbreak on acute admissions at the emergency and 
cardiology departments across Europe. Am J Med. 2021; 134(4): 482–489, 
doi: 10.1016/j.amjmed.2020.08.043, indexed in Pubmed: 33010226.

4.	 Siudak Z, Grygier M, Wojakowski W, et al. Clinical and procedural char-
acteristics of COVID-19 patients treated with percutaneous coronary 
interventions. Catheter Cardiovasc Interv. 2020; 96(6): E568–E575, doi: 
10.1002/ccd.29134, indexed in Pubmed: 32686899.

5.	 Legutko J, Niewiara Ł, Bartuś S, et al. Decline in the number of coronary 
angi-ography and percutaneous coronary intervention procedures in 
patients with acute myocar-dial infarction in Poland during the coro-
navirus disease 2019 pandemic. Kardiol Pol. 2020; 78(6): 574–576, doi: 
10.33963/KP.15393, indexed in Pubmed: 32469190.

6.	 Gąsior M, Gierlotka M, Tycińska A, et al. Effects of the coronavirus dis-
ease 2019 pandemic on the number of hospitalizations for myocardial 
infarction: regional differences. Population analysis of 7 million people. 
Kardiol Pol. 2020; 78(10): 1039–1042, doi: 10.33963/KP.15559, indexed 
in Pubmed: 32820878.

7.	 ESC Guidance for the diagnosis and management of CV disease during 
the COVID-19 pandemic. Available online: www.escardio.org/Educa-
tion/COVID-19-and-Cardiology/ESC-COVID-19-Guidance. [Last accessed: 
October 4, 2020].

8.	 Cardiology during COVID-19 pandemic. Statement of Polish Cardiac 
Society. Available online: https://ptkardio.pl/aktualnosci/510-kardio-
logia_podczas_epidemii_covid19_stanowisko_polskiego_towarzyst-
wa_kardiologicznego. [Last accessed: October 4, 2020].

http://dx.doi.org/10.1016/j.acvd.2020.04.002
https://www.ncbi.nlm.nih.gov/pubmed/32362433
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.046941
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.046941
https://www.ncbi.nlm.nih.gov/pubmed/32200663
http://dx.doi.org/10.1016/j.amjmed.2020.08.043
https://www.ncbi.nlm.nih.gov/pubmed/33010226
http://dx.doi.org/10.1002/ccd.29134
https://www.ncbi.nlm.nih.gov/pubmed/32686899
http://dx.doi.org/10.33963/KP.15393
https://www.ncbi.nlm.nih.gov/pubmed/32469190
http://dx.doi.org/10.33963/KP.15559
https://www.ncbi.nlm.nih.gov/pubmed/32820878
http://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
http://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
file:///H:/CZASOPISMA/Kardiologia%20Polska%202021/5.2021/Sk%c5%82ad/%20https://ptkardio.pl/aktualnosci/510-kardiologia_podczas_epidemii_covid19_stanowisko_polskiego_towarzystwa_kardiologicznego.%20
file:///H:/CZASOPISMA/Kardiologia%20Polska%202021/5.2021/Sk%c5%82ad/%20https://ptkardio.pl/aktualnosci/510-kardiologia_podczas_epidemii_covid19_stanowisko_polskiego_towarzystwa_kardiologicznego.%20
file:///H:/CZASOPISMA/Kardiologia%20Polska%202021/5.2021/Sk%c5%82ad/%20https://ptkardio.pl/aktualnosci/510-kardiologia_podczas_epidemii_covid19_stanowisko_polskiego_towarzystwa_kardiologicznego.%20


575w 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

Correspondence to:
Tufan Çınar, MD,
Health Sciences University, 
Sultan II. Abdülhamid,
Han Training and Research 
Hospital, 
Department of Cardiology, 
Tibbiye Street, 34668, 
Uskudar, Istanbul, Turkey,
phone: +90 216 542 2020, 
e-mail:  
drtufancinar@gmail.com

Copyright by the 
Author(s), 2021

Kardiol Pol. 2021; 
79 (5): 575–576; 
DOI: 10.33963/KP.15878

Received:  
November 11, 2020

Revision accepted:  
March 2, 2021

Published online:  
March 16, 2021

�� C L I N I C A L  V I G N E T T E

Left ventricular mass mimicking ST-segment elevation 
myocardial infarction: an initial manifestation of squamous 
cell carcinoma

Şahhan Kılıç, Tufan Çınar, Vedat Çiçek, Mehmet Uzun, Murat Selçuk, Ahmet Lütfullah Orhan

Department of Cardiology, Health Sciences University, Sultan II. Abdülhamid Han Training and Research Hospital, Istanbul, Turkey

Although secondary cardiac metastases are 
mostly asymptomatic and often occur in pa-
tients with a history of malignancy, they can 
manifest as acute coronary syndrome, including 
ST-segment elevation myocardial infarction 
(STEMI) [1, 2]. Here, we present the first case of 
an adult patient diagnosed with a left ventricu-
lar (LV) mass due to squamous cell carcinoma 
(SCC) of unknown origin following STEMI.

A 76-year-old male patient presented to 
our emergency department with chest pain 
persisting for 2 hours. His medical history was 
not remarkable. Electrocardiography (ECG) 
performed at the emergency department 
revealed an ST elevation in V2–V6, I, and aVL 
leads (Figure 1A). The patient was immediately 
transferred to the catheterization laboratory for 
primary percutaneous coronary intervention. 
Coronary angiography revealed total occlusion 
of the proximal part of the diagonal artery 
(Figure 1B, Supplementary material, Video S1). 
The occlusion could not be crossed despite the 
use of multiple guidewires and balloon support 
(Figure 1C, Supplementary material, Video S2). 
During hospitalization, ST elevations persisted. 
Bedside transthoracic echocardiography re-
vealed a mass in the apical and lateral segments 
of the LV (Figure 1D, Supplementary material, 
Video S3). Initially, the mass was thought to be 
a thrombus due to its appearance and accom-
panying persistence of ST elevation. Besides, 
there was no history of malignancy, therefore 
metastases were considered highly unlikely. 
Following consultation of cardiac surgeons, 
the patient underwent emergency surgery. 
The mass was found to be solid and fibrous 
by nature and involving the myocardium and 
endocardium. The mass was resected, and the 
LV was repaired using the sandwich technique 
(Figure 1E). However, the patient died of car-

diogenic shock on the first postoperative day. 
Microscopic and immunohistochemical exam-
inations confirmed the diagnosis of SCC of the 
LV myocardium (Figure 1F). 

In the case of the patient, since we thought 
that there was no myocardial involvement 
and the characteristics of the mass would not 
affect the decision on surgery, we left the final 
diagnosis of the mass for the intraoperative 
and postoperative period and did not perform 
any advanced imaging modality, such as pos-
itron emission tomography, cardiac magnetic 
resonance imaging (MRI), or computed to-
mography. Perhaps the absence of a coronary 
lesion that could explain such an extensive ST 
elevation should have suggested a myocardial 
involvement, which is the main conclusion for 
cardiologists. Besides that, if performed, the 
cardiac MRI would accurately assess whether it 
was a thrombus or a malignant tumor.

Due to the lack of estimation of the size and 
possible origin of the tumor in the cardiac MRI 
or computed tomography imaging tests, the 
extent of the LV tumor resection was probably 
too large and the remaining LV volume too 
small to ensure cardiac output, resulting in 
cardiogenic shock [3]. If imaging tests were 
performed, there was a chance to identify the 
primary tumor and to qualify the patient for 
oncological treatment without cardiac surgery.

In conclusion, what we have learned from 
this case is that every patient with a cardiac 
mass should undergo imaging modalities that 
could reveal the presence of the mass, and, if 
present, the extent of myocardial involvement 
before making decision on surgery. 

Supplementary material
Supplementary material is available at https://
journals.viamedica.pl/kardiologia_polska.
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Figure 1. A–F. Electrocardiographic, coronary angiographic, and pathological findings in the patient. A. Electrocardiographic findings. B. 
Coronary angiographic image showing total occlusion (arrow) of the proximal diagonal artery. C. Recanalization could be achieved in the 
infarct-related artery despite the use of multiple guidewires and balloon support (arrow). D. Transthoracic echocardiographic image showing 
a mass (arrow) in the apical and lateral parts of the left ventricle in an apical 4-chamber view. E. Gross pathology of the mass. F. Hematoxy-
lin–eosin staining of the tumor; immunohistochemical analysis revealed that the tumor was p40 (+)
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Severe cardiovascular involvement in a patient 
with rheumatoid arthritis
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Gokhan Cicek1, Mustafa Duran1, Sani Namik Murat1 
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A 57-year-old female patient was admitted 
to the emergency department with angina 
pectoris. Her past medical history included 
hypertension and rheumatoid arthritis (RA). 
Electrocardiography revealed diffuse ST seg-
ment depression. She was hospitalized with 
a diagnosis of the acute coronary syndrome. 
Diffuse aortic calcification was detected on 
posteroanterior and lateral chest radiography 
(Figure 1A and 1B). Echocardiography revealed 
severe aortic regurgitation and aortic root cal-
cification (Supplementary material, Figure S1A 
and S1B). In addition, moderate mitral regur-
gitation and mitral annular calcification were 
observed (Supplementary material, Figure S1C 
and S1D). The left ventricular ejection fraction 
was normal. Coronary angiography revealed 
calcification of the left main coronary artery 
without evident obstructive coronary artery 
disease (Supplementary material, Figure S1E). 
We investigated the patient for widespread 
calcification of major vessels and viscera. 
Pathologic parenchymal punctate calcifications 
and nodular choroid plexus calcification were 
observed in the cerebrum on computed tomog-
raphy (CT) images (Supplementary material, 
Figure S1F). Carotid artery Doppler ultrasound 
demonstrated atherosclerotic plaques in the 
left carotid artery and complete occlusion of 
the right carotid artery. Diffuse atheromatous 
plaques were detected in the aorta on sagittal 
and axial plane conventional thoracic CT imag-
es (Figure 1C and 1D) and three-dimensional 
reconstruction thoracic CT images, indicating 
porcelain aorta (PA) (Figure 1E). It was observed 
that episodes of bradycardia and tachycardia, 
detected by bedside monitoring, resulted in 
severe dyspnea and chest discomfort. She was 
symptom free other than these attacks during 
hospitalization. Severe bradycardia led to fre-

quent premature ventricular contractions with 
long compensatory pauses. Twenty-four hour 
Holter monitoring recordings were compatible 
with sick sinus syndrome.

The underlying pathogenesis of cardiovas-
cular disease in RA involves diffuse subclinical 
atherosclerosis and atherosclerotic plaque calci-
fication caused by chronic inflammation [1]. The 
extent of systemic inflammation is a predictor 
of poor cardiovascular outcomes [2]. Aorta is 
the one of the main target tissue in most of 
autoimmune diseases [3]. Patients with RA have 
a higher risk of developing calcification in the 
aorta, and carotid and coronary arteries [4]. PA 
is detected incidentally on chest radiography or 
CT images as extensive calcification of the aorta. 
It is associated with increased morbidity and 
mortality. The atherosclerotic PA is associated 
with RA and seen in individuals with hyperten-
sion, hyperlipidemia, and other autoimmune 
diseases [5]. Chronic inflammatory response 
leads to immunological vascular damage, which 
triggers microinfarctions and contributes to 
dystrophic calcification of soft tissues. 

We diagnosed valvular heart disease as 
mitral and aortic valve regurgitation, cardiac 
conduction disorder as sick sinus syndrome, and 
diffuse arterial calcification as PA in our patient. 
We detected the complete occlusion of the 
right carotid artery, and dystrophic cerebral and 
cardiac calcifications. We attributed severe dysp-
nea, and chest discomfort attacks to increased 
aortic insufficiency during bradycardia episodes 
and increased mitral insufficiency to tachycardia 
episodes. We implanted a dual-chamber pace-
maker in the patient to prevent bradycardia 
episodes. To prevent tachycardia attacks, we 
administered the maximum well-tolerated dose 
of a beta-blocker to the patient, which resulted 
in evident clinical improvement in 1 week.
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Figure 1. A, B. Chest radiography demonstrating diffuse aortic calcification. C, D. Conventional thoracic computed tomography images demon-
strating diffuse aortic calcification. E. Three-dimensional reconstruction computed tomography images of the porcelain aorta

A B

C D

E

In conclusion, advanced cardiovascular and cerebral 
investigations should be performed during the clinical 
evaluation of patients with RA. 

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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Surgical revascularization in STEMI patient after failed 
percutaneous coronary interventions with broken 
angioplasty wire protruding into the aortic root
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Percutaneous coronary interventions (PCI) have 
an established position in the management of 
patients presenting with acute coronary syn-
dromes [1]. Rare, but serious adverse events 
may be related to stents/wire distortions [2, 3].

We present a case of a 67-year-old male 
who was admitted to a hospital with anterior 
wall ST-elevation myocardial infarction. Urgent 
coronary catheterization revealed left anterior 
descending artery (LAD) occlusion close to 
diagonal branch origin (Figure 1A). Middle 
segments of circumflex (CX) and right coronary 
(RCA) arteries were also significantly stenotic 
(Figure 1B). The heart team decided to perform 
emergent LAD angioplasty. 

The bolus of 7.9 ml of INN-eptifibatide was 
administrated and followed by continuous infu-
sion with a 14 ml/h rate. The drug-eluting sent 
(Xience 3.0 × 28 mm) was implanted into LAD. 
The drug-eluting sent (Xience 3.0 × 28 mm) was 
implanted into LAD. After stent implantation, 
a part of the wire was entrapped in the coronary 
artery. The metallic coil covering the core of the 
angioplasty wire was left in the proximal part of 
LAD and protruded into the aortic root. 

The patient was referred for emergency 
surgery. The procedure was performed through 
median sternotomy in cardiopulmonary by-
pass. After transverse aortotomy, the aortic root 
lumen was inspected, and the metallic coil was 
localized (Figure 1C). As the foreign body of 7 cm 
in length was irremovable, it was transected and 

left in the proximal portion of the left main coro-
nary artery (Figure 1D). The operators decided to 
perform revascularization of LAD, CX, and RCA. 
The saphenous vein bypass grafts (SVBG) were 
performed into CX and RCA and the left internal 
mammary (LIMA) was anastomosed into LAD 
with continuous 7-0 monofilament suture. The 
estimated blood flow was 7 ml/min with pulsa-
tion index (PI) of 3.4 in LIMA-to-LAD 39 ml/min 
with PI 1.3 in SVBG-to-CX and 43 ml/min with PI 
1.1 in SVBG-to-RCA grafts, respectively. 

The surgical approach allows achieving 
complete revascularization in acute coronary 
syndromes. Postoperative bypass blood flow 
measurements provide significant information 
about the quality of performed anastomoses. 
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Figure 1. A. Angiography of acute left descending artery occlusion with metallic coil of the guidewire left in the proximal part. B. Right coronary 
artery angiography. C. Intraoperative view into aortic root with metallic coil. D. 7 cm long metallic coil removed from the aortic lumen	

A B

C D
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Mitral annulus disjunction as an incremental risk factor  
for ventricular arrhythmia in young patient 

Marcin Książczyk, Małgorzata Lelonek

Department of Noninvasive Cardiology, Medical University of Lodz, Łódź, Poland

Mitral annulus disjunction (MAD) is an ab-
normality defined as the distance of ≥2 mm 
between the mitral valve leaflet insertion point 
into the left atrial wall and the left atrium’s con-
nection point to the ventricular myocardium 
measured in systole in transthoracic echocar-
diography (TTE) or any distance between the 
abovementioned points in cardiac magnetic 
resonance (CMR) or coronary computed to-
mography angiography [1, 2]. MAD was found 
in 20%–32.6% of patients with mitral valve 
prolapse (MVP) [1, 3, 4]. On the contrary, MVP 
was found in 78% of patients with MAD [5]. 

A 23-years-old female patient was referred 
to our department with palpitations and pre-
syncope recurring for a few months. There was 
no coronary artery disease, cardiomyopathies, 
channelopathies, arrhythmias, or sudden 
cardiac death in her family history. Resting 
electrocardiogram showed normal sinus 
rhythm without any specific abnormalities ob-
served in channelopathies, corrected QT (QTc) 
440 ms (Supplementary material, Figure S1). 
TTE revealed MVP with moderate mitral regur-
gitation (Figure 1A). 24-hour Holter recorded 
non-sustained ventricular tachycardia (VT) of 
frequency 140 bpm, variating in cycle length, 
lasting 4.2 seconds, preceded by bradycardia 
50 bpm with normal QTc 402 calculated with 
Bazett’s formula for the last sinus evolution 
before arrhythmia at night (Figure 1B), 27 pre-
mature ventricular contractions per hour, and 
median QTc interval 414 ms. Due to the strong 
suspicion of MAD, CMR was performed. CMR 
confirmed MAD and showed a longitudinal 
MAD distance of 5.2 mm (Figure 1C–E), poste-
rior mitral valve leaflet billowing up to 7 mm, 
and moderate mitral regurgitation with a re-

gurgitant fraction of 21%; there was no late 
gadolinium enhancement in the left ventricle 
wall as well as papillary muscles, and left ven-
tricle ejection fraction (LVEF) was as much as 
54%. Clinical presentation, resting electrocardi-
ogram, and 24-hours Holter allowed excluding 
common channelopathies as potential risk 
factors for VT. Besides, according to Schwartz 
et al. diagnostic criteria for congenital LQTS, 
the patient was of low probability of LQTS. In 
contrast, TTE and CMR allowed excluding car-
diomyopathies.

Mitral annulus disjunction arrhythmic syn-
drome is a clinically significant diagnosis evi-
denced by several clinical studies. In the study 
by Dejgaard et al. [5], ventricular arrhythmias 
(VA) (non-sustained VT, sustained VT, or aborted 
cardiac arrest) are postulated to occur in 34% 
of patients with MAD. In the same study, 71% 
of patients reported palpitations, 41% demon-
strated presyncope, and 13% experienced 
syncope [5]. Young age, lower LVEF, papillary 
muscle fibrosis [5], and disjunction distance 
>8.5 mm [3] are markers for the prediction of 
VA. Sudden cardiac death might occur in up 
to 3.8% of patients with MAD [4]. MAD should 
be considered in younger patients with no 
other cause for VA or presyncope/syncope of 
uncertain etiology [5]. Our patient VA occurred 
despite preserved LVEF, absence of papillary 
muscles late gadolinium enhancement, and 
MAD distance ≤8.5 mm. We administered 
metoprolol succinate 25 mg once a day in VT 
prevention and referred the patient for subcu-
taneous loop recorder implantation. In further 
studies, in patients with the MAD arrhythmic 
syndrome, pharmacological or device therapies 
should be evaluated [5]. 
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Figure 1. A. Transthoracic echocardiography presenting moderate mitral regurgitation and mitral valve posterior leaflet prolapse in apical 
four-chamber view. B. Non-sustained ventricular tachycardia, variating in cycle length, preceded by bradycardia with normal corrected QT 
recorded at night in 24-hour Holter. C–E. Cinematographic sequences of cardiac magnetic resonance in C. vertical long axis (two chambers) 
view; D. horizontal long axis (four chambers) view, and E. sagittal left ventricle outflow tract (three chambers) view showing mitral annulus 
disjunction distance of 5.2 mm measured between mitral valve posterior leaflet insertion point into the left atrial wall (orange arrowhead) 
and the left atrium’s connection point to the ventricular myocardium (orange arrow), mitral valve posterior leaflet billowing of 7 mm (red 
two-headed arrow in panel E) and moderate mitral regurgitation jet (white asterisk in panel F).

Abbreviations: a, mitral valve anterior leaflet; Ao, ascending aorta; LA, left atrium; LV, left ventricle; p, mitral valve posterior leaflet; RA, right 
atrium; RV, right ventricle
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Acute heart failure in the course of fulminant myocarditis 
requiring mechanical circulatory support in a healthy young 
patient after coronavirus disease 2019
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The novel coronavirus (SARS-CoV-2) respon-
sible for coronavirus disease 2019 (COVID-19) 
not only affects the respiratory system but may 
have significant cardiovascular effects as well, 
causing arrhythmias, heart failure, myocarditis, 
and coagulation abnormalities [1]. 

A 20-year-old male with no prior cardiac 
medical history was admitted to our hospital 
with fever and dyspnea. Six weeks before ad-
mission he suffered from diarrhea shortly after 
his 10-year-old brother presented similar symp-
toms. Echocardiography performed 5 months 
earlier was unremarkable.

After admission, the patient deteriorated 
due to acute heart failure. Both NT-proBNP 
(26000 pg/ml [n <125 pg/ml]) and troponin T 
(850 ng/l [n <14 ng/l]) levels were significantly 
elevated on admission. Echocardiography 
revealed a severely lowered left ventricular ejec-
tion fraction (LVEF) of 15%. The patient required 
norepinephrine and dobutamine in increasing 
doses. Real-time PCR of his nasopharyngeal 
swab for the presence of SARS-CoV-2 RNA 
returned negative. 

A blood test showed elevated inflamma-
tory markers. Multiple tests were performed  
in search for the origin of the infection — how-
ever, both bacterial and viral causes were 
excluded. 

Shortly after, an intra-aortic balloon pump 
(IABP) was implanted with mild improvement. 
The following day, due to complete cardiovas-
cular insufficiency, veno-arterial extracorporeal 
membrane oxygenation (ECMO) was implant-
ed. The patient improved quickly with this 

treatment and on the fourth day from ECMO 
implantation his LVEF increased to 48% and 
myocardium thickness increased to 20–21 mm, 
suggesting edema (Figure 1). Both ECMO and 
IABP were explanted after 6 days of therapy.

Magnetic resonance imaging revealed 
a small left ventricular cavity without regional 
wall motion abnormalities and a dynamic LVEF 
of 69% (Figure 1). On T2-weighted imaging, 
the myocardial signal was globally increased. 
Delayed late gadolinium imaging showed 
diffuse fibrosis in the anteroseptal and inferior 
walls. These findings were in keeping with acute 
myocarditis. 

The diagnosis of fulminant myocarditis due 
to COVID-19 infection was confirmed (serolog-
ical tests were positive for IgG and negative 
for IgM 8 weeks after first gastrointestinal tract 
symptoms). 

Involvement of the cardiovascular sys-
tem may occur in patients suffering from 
COVID-19 despite the absence of upper respira-
tory tract infection (URTI) symptoms. Several 
possible mechanisms of myocardial injury dur-
ing COVID-19 infection have been discussed [2]. 
Surprisingly, myocarditis and other cardiovas-
cular symptoms appear in COVID-19 patients 
after a prolonged period (up to 10–15 days) 
counting from the initial onset of URTI symp-
toms [3]. At this point, no viral particles may be 
detected. Myocarditis may be due to both plain 
viral invasion and an exaggerated secondary 
immune response. We hypothesize that the 
latter may be the pathomechanism of our pa-
tient’s fulminant myocarditis.
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SARS-CoV-2 induced fulminant myocarditis is an 
uncommon clinical presentation, with a mortality rate of 
approximately 40%–70% [4]. Nonetheless, the application 
of circulatory support systems, including IABP, Impella 
implantation, or ECMO might be beneficial for these pa-
tients. The hemodynamic rule of unloading the inflamed 
myocardium, which reduces wall stress and decreases 
myocardial oxygen requirements, supports myocardial 
recovery and is a viable treatment option in patients with 
fulminant myocarditis [5]. 
Our case report provides a unique insight into the traits of 
acute heart failure caused by fulminant myocarditis after 
a SARS-CoV-2 infection highlighting the value of mechan-
ical circulatory support in these patients.
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Multimodality imaging results of neointimal healing  
after magnesium scaffold implantation in an acute coronary 
syndrome setting
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Treatment with bioresorbable magnesium 
scaffolds (Magmaris, Biotronik AG, Bülach, 
Switzerland) is recommended only for stable 
angina pectoris [1]. Confirmation of promising 
results using Magmaris in acute coronary syn-
drome (ACS) can be found in recently published 
registries [2].

A 57-year-old woman with typical risk fac-
tors (hypertension, hyperlipidemia) was admit-
ted to the CathLab because of non-ST-segment 
elevation ACS. Coronary angiography showed 
a severe lesion at the proximal part of the left 
anterior descending artery (Figure 1A). The 
lesion characteristics (focal, concentric, smooth 

contour without calcification and thrombus) 
were encouraging for bioresorbable magnesi-
um scaffolding. The lesion was predilated with 
a 3.5 mm at 16 atm non-compliant balloon, 
followed by implantation of a 3.5 × 20.0 mm 
bioresorbable magnesium scaffold at 16 atm; 
post-dilation was performed with a 3.5 mm at 
16 atm non-compliant balloon. Optimal results 
(device expansion, struts apposition, no edge 
dissection) were confirmed on the final an-
giography (Figure 1B) and optical coherence 
tomography (OCT) assessment (Figure 1D). 
Three days later, the patient was discharged on 
aspirin and ticagrelor.

Figure 1. A. Coronary angiography: baseline lesion at the proximal part of the left anterior descending artery 
(arrow). B. Optimal results after Magmaris implantation. C. Control 12-month follow-up. D. Optical coherence 
tomography assessment: baseline after Magmaris implantation E. and control 12-month follow-up. F. Control 
12-month follow-up intravascular ultrasound
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Control coronary angiography performed 12 months 
later showed perfect angiographic results (Figure 1C). Ne-
ointimal healing was evaluated by OCT and intravascular 
ultrasound, confirming almost completed the scaffold 
bioresorption process. The magnesium scaffold or its foot-
print was no longer discernible by OCT (Figure 1E). Only 
intravascular ultrasound IVUS images contain the visible 
healing bright spots (amorphous calcium phosphate) 
within the neointima (Figure 1F). 

At that time, DAPT was discontinued. Four-year clinical 
follow-up confirmed a further uneventful course of coro-
nary artery disease.

Multimodality intracoronary imaging confirmed the 
95% magnesium alloy resorption at 12 months. Presented 
magnesium scaffold images confirmed superiority over the 
polymeric scaffold regarding neointimal healing during the 
first year after scaffold implantation. 

The second generation of bioresorbable scaffolds with 
their unique properties that ‘do their job and disappear’ 
may also be a promising therapeutic option for ACS pa-
tients.
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Reaching the left bundle branch pacing area within 
36 heartbeats
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Left bundle branch (LBB) area pacing has 
emerged as a promising method of physio-
logical pacing both for bradycardia and heart 
failure indications [1]. This method addresses 
some limitations of the His bundle pacing 
technique [2]. One of the critical aspects of LBB 
lead implantation is monitoring the depth of 
penetration into the interventricular septum. 
This is necessary to reach the LBB area while 
avoiding perforation into the left ventricle. 
Several measures to monitor lead depth were 
proposed, including fulcrum sign, sheath angi-
ography, impedance monitoring, changes in the 
QRS notch in V1 lead, pacing from the ring elec-
trode, monitoring of the endocardial signal, and 
observation of fixation beats, that is, premature 
ventricular contractions induced mechanically 
by the penetrating lead tip [3]. The presented 
ECG was obtained from a 65-year-old woman 
with heart failure and atrial fibrillation in whom 
atrio-ventricular node ablation and permanent 
pacing were planned to achieve rate control. 
The purpose of the report is to illustrate a novel 
LBB lead implantation technique, developed in 
our electrophysiological laboratory, based on 
continuous pacemapping during screwing in 
the LBB lead. 

During lead progression from the right 
to the left side of the septum the paced QRS 
changes: QRS gradually narrows, R wave in 
V1 appears and V6 R-wave peak time (RWPT) 
shortens. The technique of continuous pace-
mapping, similarly to the premature beats 
method [3] is a practical application of this phe-
nomenon. Instead of waiting for mechanically 
induced ectopic beats, however, local depolar-
izations are forced by continuous pacing from 
an external pacemaker that remains connected 
to the distal pin of the lead during the whole 
process of lead rotation/implantation. 

Figure 1 illustrates a smooth transition 
from right ventricular capture to LBB capture 
during uninterrupted pacing at 120 bpm 
during lead rotation; it is a collage of 18 out 
of 36 consecutive QRS complexes (for unedit-
ed continuous tracing see Supplementary 
material, Video S1). A revolving connector for 
the distal pin of the LBB lead is a prerequisite 
for the presented technique. Preparation 
and use of a simple model of such connector 
are presented in Supplementary materials:  
Video S1 and Figure S1.

The ability to monitor in real-time the paced 
QRS morphology is very valuable. Continuous 
change of paced QRS morphology ensures the 
operator that the lead is advancing into the 
septum and the appearance of R wave in lead 
V1 indicates that the LBB area was just reached. At 
this moment the lead rotations should be stopped 
to test for LBB capture. Conversely, lack of QRS 
morphology change is a sign that the lead is not 
making any forward movement but rotating in 
the same position (“drill behavior” [4]) — indicat-
ing that the lead support/forward pressure should 
be increased or the implantation site changed. 

In contrast to the popular implantation 
method of interrupted pacing, the novel 
continuous pacemapping technique enables 
real-time monitoring of lead behavior and 
depth, facilitates reaching the LBB capture area 
with one lead rotation episode, allows detailed 
analysis of V6 RWPT change, and has the po-
tential to limit the risk of septal perforation. We 
believe that such LBB lead implantation meth-
od is superior and might become a standard 
technique soon.

Supplementary material
supplementary material is available at https://
journals.viamedica.pl/kardiologia_polska.
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Hemoptysis as the first sign of angiosarcoma —  
an extremely aggressive cardiac tumor
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A 19-year-old male was admitted to the hospital 
with a two-month history of hemoptysis. Previ-
ously healthy, with no significant family history, 
he was initially examined for lung pathology. 
On admission, a chest X-ray showed dissemi-
nated consolidations in the lungs. Computed 
tomography showed subpleural opacities and 
multiple, bilateral solid nodules with ground-
glass opacities (Figure 1A, 1B). The nodules 
were more dispersed in the peripheral lobules, 
which is suggestive of neoplastic spread [1]. The 
chest scans also showed an irregular mass in 
the right atrium. The patient was transferred to 
the cardiac surgery department. Transthoracic 
echocardiography (TTE) revealed a 70 × 45 mm 
heterogeneous lobulated tumor in the right atri-
um infiltrating the free wall of the right atrium, 
right ventricle, and tricuspid valve, suggestive 
of malignancy. Cardiac magnetic resonance 
demonstrated inhomogeneous late gadolinium 
enhancement of the mass infiltrating the pericar-
dium (Figure 1C, 1D). Laboratory tests showed 
elevated D-dimer concentration, liver enzymes, 
and fibrinogen. Cancer biomarkers were within 
reference ranges. The most probable diagnosis 
was a primary cardiac neoplasm with metastatic 
spread; pulmonary lesions were highly sugges-
tive of metastases of angiosarcoma. Surgical 
treatment was precluded due to the anatomical 
location and infiltration of the tumor. Biopsy 
of the lesion was necessary to implement any 
systemic treatment. Nevertheless, the patient 
refused this procedure and asked for discharge. 

The patient was readmitted to the cardiol-
ogy department two weeks later with severe 
dyspnea, weakness, and excessive hemopty-
sis. TTE confirmed enlargement of the tumor to 
80 × 70 mm (Figure 1E, 1F). Due to hemoptysis 

the patient required numerous blood transfu-
sions and intensified pain therapy. Biopsy of the 
tumor was eventually performed and poorly 
differentiated angiosarcoma cells classified as 
G3 were found. The patient was immediately 
transferred to the oncological center to under-
go palliative chemotherapy. During transport, 
his condition got worse and he was admitted 
directly to the Intensive Care Unit with a suspi-
cion of pulmonary embolism. After 2 days the 
patient died due to multiple organ dysfunction 
and septic shock.

Cardiac angiosarcomas are a rare pathology 
with an average survival period of 7 months if 
diagnosed in the metastatic stage [2]. Lesions 
of the right heart have a poorer prognosis com-
pared to those on the left. They are described 
as infiltrative, bulky, heterogeneous lobulated 
masses with areas of hemorrhage and necrosis 
on echocardiography [3]. Surgical resection is 
essential, and both complete and partial re-
section contribute to longer survival. Adjuvant 
chemotherapy is used due to frequent metasta-
ses and their efficacy in reducing tumor tissue. 
Combining surgical resection, chemotherapy 
and radiotherapy can extend survival time up 
to 3 years [4].

If the tumor is not resectable, biopsy 
and histopathological analysis are crucial to 
implementing systemic treatment. This case 
exemplifies that if angiosarcoma is suspected, 
the biopsy must not be postponed. The course 
of the disease is very aggressive with extensive 
progression in tumor mass seen after two 
weeks. A prompt diagnostic workup is of vital 
importance for the rapid implementation of 
targeted therapy and requires the involvement 
of a multi-specialist team [4, 5].
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Figure 1. Multimodality imaging of cardiac angiosarcoma. A. X-ray of the lungs showing diffuse ground-glass opacities (black arrows). 
B. Computed tomography of the lungs showing ground-glass opacities in the center and periphery (white arrows) and subpleural opacifica-
tions (black arrows). C. Initial TTE, subcostal view showing a large right atrial tumor with a possible thrombus on the periphery.  
D. T1-weighted magnetic resonance imaging showing lesion in the right atrium of the heart (thick arrow) and metastatic lesions in both 
lungs (thin arrows). E. TTE after 2 weeks, apical 4-chamber view showing the tumor mass encroaching RA and infiltrating the free wall.  
F. TTE after 2 weeks, subcostal view, showing the enlargement of the tumor mass.

Abbreviations: LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; TTE,  transthoracic echocardiogram
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Emergency mechanical thrombectomy to treat embolic 
stroke complicating catheter ablation of cardiac arrhythmia
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A 75-year old male patient with a complex med-
ical history (myocardial infarction, diabetes mel-
litus, heart failure with ejection fraction of 35%, 
renal transplant, and resynchronization therapy 
cardioverter-defibrillator) was transferred to our 
clinic due to an electrical storm. His symptoms 
persisted for a month. Device interrogation 
revealed 42 episodes of ventricular tachycardia 
(VT) with a heart rate of 185 bpm, terminated 
with antitachycardia pacing. No antiarrhythmic 
treatment had been used before. He had no 
history of neurologic deficits.

Echocardiography confirmed the presence 
of lateral, inferior and infero-basal scar. No 
thrombus was found in the left ventricle (LV). 
The patient was referred for transaortic catheter 
ablation of VT substrate with the use of a 3-di-
mensional mapping system. In local anesthesia, 
the right femoral artery was cannulated, and 
an ablation catheter was introduced without 
any difficulty to the LV. Intravenous heparin 
(100 U/kg) was administered as soon as the 
arterial sheath was inserted, and the first acti-
vated clotting time was 314 seconds. Electro-
anatomical mapping of the LV was started, and 
soon we observed deterioration of the patient 
condition — loss of contact and symptoms of 
right-sided hemiparesis, however, with no signs 
of hemodynamic instability. The consulting 
neurologist found the patient to be conscious, 
in mixed type aphasia, and right hemianopsia, 
hemiplegia, and hemihypoesthesia. A stroke of 
the left (dominant) cerebral hemisphere was 
diagnosed and the arrhythmia ablation proce-
dure was aborted. Due to prior administration 
of heparin, the patient was disqualified from 
thrombolysis. However, he still met the criteria 
for mechanical thrombectomy because 1) com-
puted tomography (CT) angiography revealed 
a large-vessel occlusion (segments M1 and 
M2 of the left middle cerebral artery); 2) cerebral 

plain CT excluded cerebral bleeding; 3) the time 
from stroke onset was <6 hours; 4) ASPECTS 
score was >6 (10 in that case), NIH Stroke Scale 
was >6 (21 in that case) [1]. The patient was 
then transferred to the interventional radiology 
laboratory (within the radiology unit in our hos-
pital). Emergency mechanical thrombectomy of 
the left middle cerebral artery was performed, 
using the existing vascular access (8 F sheath) 
with optimal angiographic effect (TICI 3). An-
giographic scans pre- and post-procedure are 
shown in Figure 1. Embolic material macroscop-
ically consistent with ruptured atherosclerotic 
plaque was removed from the occluded artery 
with stent-retriever. During the following days, 
the patient experienced the withdrawal of all 
neurologic deficits. Follow-up CT scan showed 
no ischemic lesions. Antiarrhythmic treatment 
with amiodarone was initiated, with no further 
episodes of sustained VT during hospitalization. 
The patient was referred to the rehabilitation 
department, with the possible ablation in 
stand-by. He was discharged home with no neu-
rologic deficit. Three months later the patient 
experienced heart failure exacerbation and 
severe pneumonia and died in a local hospital 
due to sepsis and multiorgan failure.

Our experience proves that emergency 
mechanical thrombectomy in such a setting is 
feasible. It may be treated as a bailout option in 
patients experiencing thromboembolic compli-
cations during ablation procedures of ventricu-
lar arrhythmias, as in  our patient, or other inter-
ventions [2–4]. Importantly, arterial access may 
be preserved during patient’s transfer for easy 
vascular access to mechanical thrombectomy. 
Pre-set logistic workflow that  shortens the time 
to cerebral reperfusion, should be prepared in 
advance. Multi-specialty collaboration is fun-
damental in optimizing stroke thrombectomy 
pathways and outcomes [5].
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Left bundle branch block as a sign of coexisting left main  
and right coronary artery occlusion, successfully treated  
with percutaneous coronary intervention

Adrian Włodarczak1, Piotr Rola2, Mateusz Barycki2, Jan Jakub Kulczycki1, Marek Szudrowicz1,  
Barbara Engel2, Adrian Doroszko3, Maciej Lesiak4
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A 53-year-old male, active smoker with hyper-
tension, hyperlipidemia, history of stroke and 
type 2 diabetes mellitus, was admitted to the 
hospital with symptoms of dyspnea and chest 
pain (class IV in the Canadian Cardiovascular 
Society scale).

Physical examination revealed cachexia, 
dyspnea with rales and crackles on auscultation 
(Killip–Kimball II). Transthoracic echocardiog-
raphy showed enlarged, whole-hypokinetic 
left ventricle (left ventricular end-diastolic 
dimension/left ventricular end-systolic dimen-
sion = 68 mm/59 mm) with reduced ejection 
fraction (20%–25%) and coexisting moderate 
functional mitral regurgitation, without other 
mechanical complications. Additionally, a mod-
erate amount of fluid in the right pleural cavity 
was diagnosed. Electrocardiogram showed 
sinus rhythm of 90/min conducted with the 
left bundle branch block (LBBB). The serum 
troponin I was positive. 

In the emergency department, intravenous 
loop-diuretic, unfractionated heparin (5000 IU) 
were administered, following the prior loading 
doses of clopidogrel (600 mg) and acetylsalicyl-
ic acid (300 mg) given in the ambulance.

Coronary angiogram revealed chron-
ic-total-occlusion of the right coronary artery 
with coexisting occlusion of the left main 
(LM) as a culprit lesion (Figure 1A, 1B). Due 
to advanced atherosclerosis, initial dou-
ble-intravenous bolus of eptifibatide was 
administered (followed by the 24-h IV-infu-
sion at the dose of 2 μg/kg/min) and a rescue 
percutaneous coronary intervention was 
performed using the left-radial approach with 

EBU3.5-Guide-Catheter (6 F) (Medtronic Ire-
land, Galway, Ireland). During the procedure 
we used: BMW Universal-II (Abbott-Vascular, 
Santa-Clara, California, US), Sion (Asahi-INTECC 
Co. Aichi, Japan), and Fielder XT (Asahi) guide-
wires. After LM opening with a 2 mm bal-
loon-catheter (Figure 1C), we revealed a critical 
stenosis including: the LM, ostium of the left 
anterior descending (LAD), circumflex (Cx), and 
the intermediate artery (IM) without signs of re-
sidual thrombus (Figure 1D). Due to significant 
calcification, we performed a high pressure 
(24 atm) pre-dilatation of the LM alongside 
with LAD and Cx with a non-compliant balloon 
3.0 × 15 mm. Using the Culotte technique, we 
implanted two coronary drug-eluting stents 
Orsiro 3 × 18 mm (Medtronic) into Cx and 
XiencePRO 3.5 × 18 mm (Abbott) into LAD. Af-
terwards, we performed optimization of: Cx/IM 
and LM/LAD/Cx with the kissing balloon tech-
nique using 3 × 5 mm and 3.5 × 15 mm (14 atm) 
catheters and subequal proximal-optimization 
technique in the LM using the non-compliant 
4 × 8 mm (18 atm) balloon. During the pro-
cedure catecholamines were used to obtain 
hemodynamic stabilization, without need for 
additional mechanical left ventricle function 
support. The patient was discharged after 
13 days of hospitalization with mild improve-
ment of the left ventricle function, previously 
switched to ticagrelor from clopidogrel. Due 
to persistent LBBB, an implantation of cardiac 
resynchronization therapy with defibrillator 
was scheduled, following the ejection fraction 
assessment after 3 months of an optimal med-
ical treatment. 

mailto:piotr.rola@gmail.com
mailto:piotr.rola@gmail.com


594

K A R D I O L O G I A  P O L S K A ,  2 0 2 1 ;  7 9  ( 5 )

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

Acute coronary syndrome due to the LM occlusion is 
characterized by relatively high mortality [1, 2]. This loca-
tion of the culprit lesion is associated with a suggestive 
electrocardiogram pattern, including the widespread ST 
depression in the precordial leads, accompanied by the ST 
segment elevation in the aVR and V1 and rarely ST elevation 
myocardial infarction [3]. In this case, the electrocardiogram 
revealed the LBBB, which is rather uncommon. While some 
data suggests that the one-stent technique can be suitable 
for dealing with the LM bifurcation [4, 5], we used the two-
stent Culotte technique, with the multiple kissing-balloon 
inflation (Figure 1E). Such an approach made it possible to 
obtain optimal angiographic results (Figure 1F). The pre-
sented case demonstrates that even extremely advanced 
coronary artery disease can be successfully treated with the 
two-stent technique by 6 F radial access without additional 
mechanical circulatory support.
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pandemic — the impact of the vaccination program. 
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A bstract     
The coronavirus disease 2019 (COVID-19) pandemic resulted in an urgent need to reorganize the work 
of echocardiography laboratories in order to ensure the safety of patients and the protection of physi-
cians, technicians, and other staff members. In the previous Expert Opinion of the Working Group on 
Echocardiography of Polish Cardiac Society we provided recommendations for the echocardiographic 
services, in order to ensure maximum possible safety and efficiency of imagers facing epidemic threat. 
Now, with much better knowledge and larger experience in treating COVID-19 patients and with intro-
duction of vaccination programs, we present updated recommendations for performing transthoracic 
and transesophageal examinations, including information on the potential impact of personnel and 
the patient vaccination program, and growing numbers of convalescents on performance of echocar-
diographic laboratories, with the goal of their ultimate reopening.   

Key words: COVID-19, echocardiography, echocardiographic laboratories, vaccination
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INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic re-
sulted in an urgent need to reorganize the work of echo-
cardiography laboratories in order to ensure the safety of 
patients and protection of physicians, technicians, and 
other staff members. In the previous Expert Opinion of 
the Working Group on Echocardiography of Polish Cardiac 
Society we provided recommendations for the echocardi-
ographic services, in order to ensure maximum possible 
safety and efficiency of imagers facing epidemic threat [1].

Restrictions imposed on transthoracic (TTE) and 
transesophageal (TEE) examinations due to the pandemic 
resulted in significant limitation of access of patients with 
cardiovascular diseases to services. Currently, a year after 
the initial document, there is a need to provide updated in-
formation on the current knowledge on the COVID-19 pan-
demic as well as, perhaps even more importantly, on the 
potential impact of the vaccination program and growing 
numbers of convalescents on everyday practice of echo-
cardiographic laboratories. Moreover, with much better 
knowledge and larger experience in treating COVID-19 pa-
tients, and with the introduction of vaccination programs, 
recommendations for TTE or TEE adopted for epidemic con-
ditions, and health requirements need to be updated. This 
update is especially appropriate now when a substantial 
proportion of medical personnel in Poland are vaccinated 
with two doses of a mRNA vaccine and when, despite the 
current peak of the pandemic, we must think about the goal 
of restoring full capacity of echocardiographic laboratories, 
once the pandemic is under control [2].

For the purpose of this document we define the latter 
as the low and decreasing number of cases; the number 
of positive tests/number of all tests below 5%; contact 
tracing system is active and fully operational; at least 70% 
of personnel and general adult population are vaccinated; 
no new viral strains escaping from acquired immunity are 
detected. 

Importantly, while certain regulators accept fully vac-
cinated people gathering indoors without wearing masks, 
we propose that until the end of the pandemic also vacci-
nated personnel and patients should wear masks during 
echocardiographic examinations, both in the in-patient 
and out-patient settings [3]. This recommendation may 
change as knowledge about the efficacy of vaccination 
programs expands. 

COVID-19 AND CARDIOVASCULAR DISEASE
The COVID-19 pandemic has numerous cardiovascular 
implications. Firstly, severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) may adversely affect the 
cardiovascular system of infected patients. The proposed 
underlying pathophysiological mechanisms include hypox-
emia, systemic inflammatory response, hypercoagulability, 
sympathetic stimulation, direct myocardial and vascular 
infection and myocyte necrosis. Myocardial injury detected 
by elevated cardiac biomarkers has been observed in 5% 

to 38% of hospitalized patients, depending on the criteria 
used. The most frequently described clinical manifestations 
of cardiovascular involvement include thromboembolism, 
arrhythmia, myocarditis, acute coronary syndrome, stress 
cardiomyopathy and heart failure, but the autopsy data 
suggest that their incidence may be underestimated [4, 5].

Secondly, one should consider adverse cardiovascu-
lar effects of drugs prescribed to treat SARS-CoV-2 and 
post-viral complications, such as pediatric inflammatory 
multisystem syndrome. Thirdly, pre-existing cardiovascular 
diseases are the most common comorbidities in infected 
patients, with hypertension being the most common one. 
Of note, both cardiac involvement during SARS-CoV-2 in-
fection and preexisting cardiovascular disorders have been 
shown to be associated with more severe clinical course of 
COVID-19 and worse prognosis [6].

ACUTE AND LONG-TERM 
ECHOCARDIOGRAPHIC FINDINGS IN 

COVID-19 PATIENTS
COVID-19 is a primarily respiratory infection, with common 
cardiovascular involvement in severe and critical stages of 
the disease. Echocardiography represents a versatile diag-
nostic procedure requiring high level of physician-patient 
interaction, thus posing a risk for infection. This is especially 
true for transesophageal studies (also most of stress-echo 
protocols) which are highly aerosol-generating. The policies 
of use of TTE in COVID-19 healthcare facilities may vary, 
but the general indication depends on potential impact of 
findings upon the management of the patient. Both the ev-
idence of cardiovascular involvement during COVID-19 and 
precise identification of preexisting cardiovascular condi-
tions may contribute to proper management. 

Cardiac dysfunction present prior to the SARS-CoV-2 in-
fection can influence the findings, the clinical course of the 
infection and the prognosis. Therefore, prior to interpre-
tation of the echocardiographic study, an attempt should 
be made to determine the preexisting cardiac pathology 
based on the history and available medical records. Symp-
toms reported during COVID-19 are nonspecific and can 
result from other organ damage (i.e., lungs, skeletal mus-
cles, kidneys, nervous system, etc.) or from psychological 
reasons and stress. Therefore, TTE is crucial to detect and 
differentiate the cardiac and non-cardiac reasons.

The most important cardiac complications of COV-
ID-19 are myocardial injury and cardiovascular thrombosis 
[7–9]. Myocardial damage is more frequently found in 
patients with abnormal electrocardiogram or elevated 
biomarkers (troponin or natriuretic peptides) and these 
patients should undergo TTE. It is probably more com-
mon in hospitalized patients. Nearly half of patients with 
elevated troponins had at least moderate left ventricular 
(LV) dysfunction, which was associated with doubled risk 
of death, comparing to patients with no LV wall motion 
abnormalities. Myocardial function impairment can be 
reversible or irreversible. Both left and right ventricular 
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dilatation are associated with poor prognosis. Global or 
regional myocardial injury visible on echocardiography 
can be detected in up to 25% of hospitalized patients with 
COVID-19 and is associated with an increased risk of mor-
tality. Intracardiac clots forming on the damaged cardiac 
endothelium or migrating from the veins to the pulmonary 
circulation may be observed (Figure 1). Pericardial or pleural 
fluid initially reported as rare in COVID-19 patients, has 
been recently more frequently described in the context 
of perimyocarditis [10]. In a  study at least mild pericardial 
effusion was found in 7.2% of severely ill patients with 
myocardial dysfunction [10]. Cardiac tamponade was also 
reported in a case study [11].

Most common clinical indications for TTE in the acute 
COVID-19 are hemodynamic assessment (including fluid 
status), rising cardiac biomarkers, suspicion of pulmonary 
embolism, acute coronary syndrome, heart failure, or 
myocarditis [13]. Other indications include history of car-
diac disease, suspicion of endocarditis, and evaluation for 
cardioembolic source of stroke [14]. In practice, many TTE 
tests are performed in mechanically ventilated subjects 
hospitalized due to COVID-19. Thus, in patients with clinical 
deterioration, TTE exams (optionally combined with lung 
ultrasound [LUS] tests and 4-point venous compression 
ultrasound [CUS]) may be needed to document myocardial 
dysfunction or other complications indicating the need 
for early intensive treatment. It is particularly important in 
patients with preexisting heart disease or comorbidities. In 
most patients simplified protocols are preferred to limit 
personnel exposure to infected patients. Advanced analysis 
(e.g., strain imaging), if considered essential, can be per-
formed offline to document subtle ventricular dysfunction.

Recovery of the myocardial damage is variable and 
long-term sequelae may persist, depending on the baseline 
status, the severity of viral or inflammatory damage, and 
the speed and completeness of recovery phase. 

Some patients may never recover completely follow-
ing acute COVID-19. Symptom-free convalescents do 
not require cardiac imaging, however lack of complete 
recovery is an indication for the control TTE. In most cases, 
echocardiography should be performed when there is no 
further risk of infecting the personnel. Subclinical myocar-
ditis may be of some concern, especially in patients with 
innate or acquired immune deficits. As data is conflicting 
further studies are needed to assess the long-term cardiac 
consequences of SARS-CoV-2 infection. 

Last but not least, abnormalities detected in COVID-19 or 
post-COVID-19 patients include also the results of delayed 
cardiac care, like myocardial infarction (untreated or treat-
ed late or without reperfusion) that can be complicated 
with classical mechanical complications [12]. Delayed 
diagnosis due to the pandemic can result in late detection 
of decompensated chronic conditions, such as valvular 
disease (predominantly aortic stenosis, mitral and tricuspid 
regurgitations) or heart failure of any origin. 

LUNG ULTRASOUND 
Radiography and computed tomography remain the 
mainstay for evaluation of COVID-19 pneumonia. Although 
LUS has proven its diagnostic value and capability in COV-
ID-19 patients, it lacks standardization and suffers from 
the absence of quantitative approaches. Importantly, LUS 
findings are nonspecific for COVID-19. A diffuse pattern of 
B-lines, irregular pleural lines, and subpleural consolida-
tions affecting mainly the lower lobe and posterior lung 
segments, which show a bilateral, patchy, and peripheral 
pattern, represent typical LUS findings in COVID‐19 pneu-
monia [15].

Figure 1. Transthoracic echocardiography in patients with 
COVID-19 — thrombi (arrows) in the left ventricle (A, B) and in the 
right ventricle (C). 

Abbreviations: Ao, aorta; LA, left atrium; LV, left ventricle; RA, right 
atrium; RV, right ventricle

A

B
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There is still great variability regarding the optimal tech-
nique, including different proposed scanning protocols 
and scoring algorithms. For this reason,  Italian texperts 
proposed standardization for international use of LUS for 
the management of patients with COVID‐19 [16]. Fourteen 
standard areas (7 areas per lung) are suggested for scanning 
in each patient, using landmarks on chest anatomic lines 
(3 posterior — paravertebral line; 2 lateral — mid-axillary 
line; 2 anterior — mid-clavicular line). In the absence 
of a standardized score for COVID-19 patients, Italian 
experts proposed to use a previously validated scoring 
system. The final score is obtained by summing up the 
scores of each area. Some studies suggested that a higher 
LUS score indicating a poorly aerated lung and a more 
severe pulmonary involvement may thus be useful for 
predicting adverse outcomes in patients with COVID-19, 
and important for risk stratification in COVID-19 patients 
[17]. Canadian experts described the 6-zone (3 zones per 
lung) protocol aimed at speeding up and simplifying the 
examination dedicated for cardiologists (posterior basal, 
lateral and anterior — for each lung), and we propose to 
use this protocol (Figure 2) [18]. 

According to the experience and reports of many 
groups throughout the world, even with a rather empir-
ical approach, LUS seems to be an useful, radiation-free, 
bedside method which can be applied after the TTE 
examination. Current enthusiasm for LUS should lead to 
high-quality controlled studies which can determine its 
real utility among COVID-19 patients.  

Despite the fact that currently there is no clear data 
showing that LUS improves outcomes, the COVID-19 era 
poses unprecedented challenges, but also learning oppor-
tunities. Web based ultrasound simulators are available for 
training (Figure 3) [19].

COLLATERAL DAMAGE TO  
CARDIOVASCULAR HEALTHCARE 

The COVID-19 pandemic has significantly impacted health-
care systems around the world, including echocardiogra-
phy laboratories. A large portion of available resources 
has been repurposed towards fighting the pandemic. The 
remaining available cardiology departments and person-
nel have been often advised to defer scheduled elective 
procedures, especially those associated with increased 
risk of SARS-CoV-2 transmission, such as transesophageal 
echocardiography [1]. Moreover, patients’ fear of infection 
and the desire to not overburden the healthcare system 
have also been keeping them from seeking medical care 
in case of symptoms unrelated to COVID-19, both in 
urgent and chronic clinical scenarios [20]. Thus, the COV-
ID-19 pandemic has adversely influenced the care and 
treatment of cardiovascular patients. The full scope and 
the long-term consequences of this “collateral damage” 
are yet to be determined, but the data published so far is 
already alarming, even though the exact extent of observed 
detrimental effects varies greatly between reports and 
affected regions. To date, most studies have concentrated 
on patients with acute myocardial infarction, indicating 
lower number of their hospital admissions, higher rate 
of delayed presentations and a significant reduction in 
coronary angiographies and percutaneous coronary inter-
ventions [21, 22]. However, the hospitalizations for heart 
failure and cardiac arrhythmias, as well as the cumulative 
number of hospitalizations for acute and chronic cardiovas-
cular conditions have also markedly decreased during the 
pandemic [23]. Similarly, a substantial drop in the number 
of outpatient cardiovascular visits has been reported, 
although it was partly compensated using telehealth 

Figure 2. Simplified 3-zone protocol for bilateral lung ultrasound 
examination for cardiologists. Anterior (A), lateral (L), and postero- 
-basal (PB) lung zones are examined

Figure 3. Web-based lung ultrasound simulator (www.lus.mstech.
eu). The probe is dragged over the chest with a computer mouse. 
The user recognizes typical artifacts (here B-lines), which are then 
assigned to the standard lung ultrasound points. The findings are 
then verified and corrected in case of errors
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[24]. There also has been a considerable reduction in the 
number of inpatient and outpatient cardiac procedures 
and investigations [25, 26].

With regard to echocardiography, preliminary analysis 
of the survey study performed by the Working Group on 
Echocardiography of the Polish Cardiac Society suggests 
that the vast majority of centers have been performing 
significantly fewer examinations than before the pandemic. 
The drop has been most evident in TEE, in case of which 
indications for examination have been often reevaluated 
and narrowed, and a negative COVID-19 test prior to 
the procedure was required in the laboratories on non- 
-COVID-19 wards. Most of the laboratories have also 
reported temporary shortages of staff due to COVID-19, 
quarantine or dispatching them to work in infectious 
disease departments. As a result, there even have been in-
stances of temporary cessation of any activities. Moreover, 
a significant number of centers have been at least partially 
transformed to diagnose and treat COVID-19 patients. Thus, 
waiting times for both scheduled echocardiographic ex-
aminations and elective surgical and percutaneous proce-
dures recommended for patients after echocardiographic 
examinations have been extended. Therefore, it comes as 
no surprise that a significant increase in out-of-hospital 
cardiac arrests and deaths was noted in the affected regions 
[27–29], and was accompanied by substantial overall excess 

mortality, which could not be explained by the number of 
COVID-19 fatalities [30, 31]. All these data call for urgent re-
introduction of widely available echocardiography services.

REACTIVATION OF ECHOCARDIOGRAPHIC 
LABORATORIES 

Despite the current peak of the pandemic, there is an ur-
gent need for restoring full capacity of echocardiographic 
laboratories. It may be feasible in near future, as an increas-
ing number of staff and patients are already either vaccinat-
ed or have recovered from COVID-19. Distinct separation 
of laboratories providing services for COVID-19 infected 
or COVID-free patients should be instituted, if logistically 
possible. Echocardiographic laboratories that are not 
directly involved in the care of COVID-19 patients should 
attempt to return to their full pre-pandemic activity and 
perform all study types, according to standard protocols, 
as well as try to alleviate collateral damage to the services 
caused by COVID-19. Waiting lists for echocardiographic 
examinations should be verified as prolonged waiting 
period for echocardiography examination has become 
a serious issue. Urgent patients for whom further delays 
may be life-threatening should be placed on a priority list 
(e.g., decompensated heart failure, severe aortic stenosis).

Although access to echocardiographic services should be 
urgently facilitated, all essential restrictive precautions and 

Figure 4. Suggested personal protection equipment, according to the probability of COVID-19, type of echocardiographic examination, 
patient and personnel vaccination/convalescent status. 

Abbreviations: TEE, transesophageal echocardiography; TTE, transthoracic echocardiography
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safety measures should be preserved, to minimize the risk of 
infecting other patients and medical personnel at the peak 
of the pandemic. Decrease of the number of cases following 
an effective vaccination program may however enable to 
modify some protective measures or get away from them in 
the future. It is therefore strongly recommended that every 
member of an echo team be vaccinated against SARS-CoV-2.

Echocardiographic protocols should be differentiat-
ed according to the location of the echocardiographic 
laboratory (in-patient vs outpatient, COVID-19 vs non- 
-COVID-19 services) and the epidemiologic status of the 
patients examined. When separation of COVID-19 and 
non-COVID-19 patients is impossible for logistic reasons, 
patient management should include isolation of infec-
tious patients and case grouping, possibly at the end of 
the day, to ensure appropriate personnel protection and 
disinfection of the facilities. For recommendations see also 
Table 1, Figure 4.

Recommendations for non-COVID-19 in-patient 
echocardiographic services 
Echocardiography laboratories in COVID-19-free wards 
should perform full range of examinations, following stand-
ard protocols. Intraprocedural TTE and TEE monitoring 
should also be reinstituted. At the peak of the pandemic, 
SARS-CoV-2-free status of non-vaccinated patients with-
out COVID-19 symptoms should be confirmed through 
appropriate institutional screening procedures, including 
reverse-transcription polymerase chain reaction (RT-PCR) 
testing for the presence of SARS-CoV-2 immediately prior 
to admission and at the wards, according to local hospital 
policy and existing legal requirements. Surgical gloves and 
FFP2 masks (if available) should be used at all times during 
echocardiographic examinations in hospital settings. 

Vaccinated patients without symptoms of infection, 
may be considered as having minimal probability of 
being infectious, at least for the 6 months after an index 
event. Therefore, when/if the pandemic is under control 
(as defined above), preventive measures may be relaxed. 
However we do recommend that appropriate personal pro-
tective equipment should be always available/used during 
echocardiographic examinations in hospital settings until 

the end of the pandemic. Exceptions may be considered 
only for contacts between fully vaccinated individuals. For 
recommendations see also Table 2, Figure 4.

In-patient COVID-19 echocardiographic services
The rules and procedures concerning echocardiography 
examination in COVID-19 wards do not change. Full per-
sonal protection must be available for every test (TTE, TEE), 
including those of potentially infected patients awaiting 
definite diagnostic test result. Minimum standards of 
personal protection as proposed below may be locally 
tightened up, according to local policies and pandemic 
situation. Complete disinfection of the lab and equipment 
should be performed on a regular basis as per local stand-
ards. Due to intense personal contact, every test ordered 
should have the potential to influence the management. 
The duration of TTE examination should be minimized and 
focused protocols are recommended to obtain the most 
important and clinically useful information quickly. If possi-
ble, analyses and measurements should be performed off-
line to focus on problem-oriented examinations, facilitate 
therapeutic decisions, and minimize the risk of infecting 
medical personnel. Performing stress-testing during acute 
COVID-19 is contraindicated. It is the responsibility of 
hospital administration to ensure digital data transfer to 
reading lab with workstations to ensure analysis quality and 
safety. For recommendations see also Table 3 and Figure 4.

Out-patient echocardiographic services
Access to echocardiographic services is of key importance 
to ascertain reinstitution of routine care, especially for heart 
failure and structural heart disease patients. Out-patient 
echocardiographic services should therefore remain open; 
however, in patients with suspected COVID-19 (based 
either on their symptoms or contact history) or other 
respiratory infection, routine echocardiography should 
be postponed until COVID-19 diagnosis is excluded by the 
RT-PCR test or until the risk of transmission is considered 
minimal (usually no less than 10 days after symptom onset). 

Until the pandemic is under control, both vaccinated 
and unvaccinated patients without clinically suspected 
COVID-19 should wear face mask in echo lab. Enhanced 

Table 1. Recommendations for echocardiographic laboratory organization

Laboratories providing services for COVID-19 and non-COVID-19 patients should be separated, if logistically possible

Echocardiographic laboratories providing services for non-COVID-19 patients should return to their pre-pandemic level of activity

Patients with urgent indications for whom further delays may be life-threatening should be prioritized

Table 2. Recommendations for non-COVID-19 in-patient echocardiographic services

In-patient echocardiographic laboratories in non-COVID-19-dedicated wards should return to their pre-pandemic activity and perform all test types according 
to standard protocols

Decisions on the reinstitution of “lockdowns” of regular echocardiographic services should be made on the local basis rather than national basis

With regard to COVID-19 testing, echocardiography laboratories should follow local hospital policies and existing legal requirements

When/if the pandemic is under control (as defined above), preventive measures may be eased

We do recommend however that appropriate personal protective equipment should be always available/used during echocardiographic examinations in 
hospital settings until the end of the pandemic
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personal protection is suggested in personnel prior to full 
vaccination, in cases of immune deficiencies or in case 
of emergent virus variants that may reduce vaccination 
efficacy. During TTE the echocardiographic laboratory staff 
should wear FFP2 or surgical masks (as per local policy) and 
probes must be disinfected between tests.

Transesophageal echocardiography during the SARS-
COV-2 pandemic is recognized as a high-risk aerosol-gen-
erating procedure. In the early stages of the pandemic, 
indications were limited to emergency, in which test find-
ings were crucial for the diagnostic and therapeutic pro-
cesses. Currently it is recommended to reestablish full TEE 
echocardiographic services in patients without COVID-19, 
including patients with indications for structural interven-
tions, catheter ablation, and other procedures. However 
RT-PCR tests must be obligatory for patients with suspected 
respiratory infection, as per general testing strategy, to 
avoid contamination of laboratories remaining in COV-
ID-free status, while personnel protection for TEE should 
be implemented regardless of patients’ status. At the peak 
of the pandemic, elective TEEs should be preceded by 
negative COVID-19 results also in apparently asymptomatic 
non-vaccinated patients. Medical personnel should always 
use personal protective equipment against airborne infec-
tions during TEE, irrespectively of the patient’s status. Full 
protective gear including FFP3 face mask, eye protection 
(goggles or shields), and full barrier uniform is prerequisite 
when TEE is performed in an infected patient. When/if the 
pandemic is under control (as defined above), TEE exami-
nations in asymptomatic patients need not be proceeded 
by RT-PCR COVID-19 testing. We do recommend, however, 
that surgical gloves and FFP2 (or FFP3) masks should be 

always used, until the end of the pandemic. Exceptions 
may be considered only for contacts between fully vacci-
nated individuals.

Stress echocardiography is a valuable option in 
non-COVID patients and services must be also reintro-
duced. Most types of stress echo (except for pacemaker 
rapid stress-testing) carry the risk of hyperventilation and 
aerosol generation, and, therefore, should be performed 
according to sanitary standards, like TEE in non-COVID 
facilities. Therefore, until the pandemic is under control, 
in non-pacemaker stress tests medical personnel should 
always use personal protective equipment against airborne 
infections, including FFP2 (optimally FFP3) face masks, dis-
posable insulating gowns, protective eyewear and gloves.

Once the pandemic is under control, exceptions may be 
considered for contacts between fully vaccinated individ-
uals. For recommendations see also Table 4 and Figure 4.

Impact of vaccination on echocardiographic 
services
The efficacy of both mRNA vaccines has been confirmed in 
pivotal randomized clinical trials with over 70 000 partici-
pants, including 40.9% and 42% high risk individuals and 
demonstrating over 95% efficacy [32, 33]. Real life data 
from United Kingdom (UK) and Israel, where effective vac-
cination programs were launched, confirm mRNA (UK and 
Israel) and adenoviral vaccine (UK only) efficacy. Vaccination 
programs proved their effectiveness also among healthcare 
workers [34]. Therefore, given confirmed efficacy and safety 
of mRNA vaccines as well as high morbidity and mortality 
associated with COVID-19 infections [35], we recommend 
universal vaccination of medical personnel and patients. 

Table 3. Recommendations for COVID-19 in-patient echocardiographic services

Recommendations for the COVID-19 patients and patients with unknown SARS-CoV-2 status remain unchanged, and all TTE and TEE studies must be perfor-
med with full personal protection, regardless of the vaccination status of the personnel

Indications for tests should remain restrictive with predictable influence upon clinical management

Echocardiographic protocols should be shortened

Whenever possible analyses and measurements should be performed off-line, outside the infectious zones and digital data transfer and analysis is encouraged
Abbreviations: TEE, transesophageal echocardiography; TTE, transthoracic echocardiography

Table 4. Recommendations for out-patient echocardiographic services

Out-patient echocardiographic laboratories should return to their pre-pandemic activity and perform all test types, according to the standard protocols

Stress echocardiography services should be reinstituted, and most of the protocols (except for rapid pacing) must be considered as aerosol-generating and 
personnel protection level should equal to that proposed for TEE

In patients with suspicion of COVID-19 (based either on their symptoms or contact history) or ongoing respiratory infection routine echocardiography should 
be postponed until COVID-19 diagnosis is excluded by the RT-PCR test or until the risk of transmission is considered minimal (usually no less than 10 days after 
symptom onset)

Vaccinated patients and convalescents without symptoms of infection should be considered as SARS-CoV-2 negative, at least for 6 months after an index 
event, unless new SARS-CoV-2 variants with demonstrated vaccine resistance are present in the community; 

Routine screening of asymptomatic individuals using RT-PCR tests before TTE is not recommended;

Routine screening of asymptomatic individuals using RT-PCR tests before TEE may be considered, based on the local prevalence of COVID-19 cases; 

Antigen testing for screening asymptomatic patients is not recommended; 

Face masks should be worn by patients and medical personnel during TTE

Transducers must undergo disinfection after each study
Abbreviations: RT-PCR, reverse-transcription polymerase chain reaction; other abbreviations: see Table 3
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There is limited data about the durability of protection 
from the vaccines therefore this recommendation may be 
updated based on the available new data, but currently it 
is reasonable to assume that immune memory to SARS- 
-CoV-2 lasts longer than 6 months. This may be assumed 
provided that no mutation is present that reduces acquired 
convalescent immunity and/or vaccine efficacy. For recom-
mendations see also Table 5.

The use of personal protective equipment in the 
context of vaccination programs and the presence 
of convalescents
This paper builds upon previous authors’ position state-
ments, as far as personnel protection equipment (PPE) is 
concerned, but with some important modifications. Pa-
tients were previously classified into three groups: 
•	 with confirmed COVID-19;
•	 with suspected COVID-19 (either symptomatic or iden-

tified by contact tracing but with unknown PCR), and 
•	 with low probability of COVID-19 (no signs of respi-

ratory infection and/or other early COVID symptoms, 
including those with recent negative molecular test). 
Two groups are added to this classification: 

•	 convalescents within 6 months following COVID-19 and 
•	 vaccinated individuals within 6 months following 

a completed vaccination, at least 7 days after the sec-
ond dose (recommendations may be extended over the 
next 6-month period once more complete data on the 
mid-term vaccine efficacy is available).

Recommendations regarding personal protective 
equipment use in the echocardiographic 
laboratories 
Non-vaccinated healthcare professionals (including those 
who received only one dose of the vaccine) should keep 
on wearing previously recommended adequate PPE in-
cluding FFP3 masks or equivalent respirators, appropriate 
gown and eye protection while performing examinations 
in groups 1 and 2. If PPE supplies are adequate, healthcare 
professionals examining group 3 patients should wear 
FFP2 masks rather than surgical masks (changed recom-
mendation) until the pandemic is under control. The same 
recommendations apply to vaccinated healthcare profes-
sionals. In the case of asymptomatic patients belonging 
to groups 4 and 5 the following recommendations apply: 
•	 non-vaccinated healthcare professionals (including 

those who received only one dose of the vaccine) 
should continue wearing previously recommended 
adequate PPE including FFP2 or FFP3 masks or equiv-
alent respirators; 

•	 vaccinated healthcare professionals (only those who 
received full cycle) should wear previously recommend-
ed, adequate full PPE for TEE with FFP2 mask rather 
than surgical mask, until the pandemic is under control;

•	 for TTE, FFP2 masks rather than surgical masks should 
be worn, together with disposable gloves, until the 
pandemic is under control;

•	 recommendations may be eased, when the pandemic is 
under control, but despite the fact that some regulators 
accept fully vaccinated people gathering indoors with-
out masks, we propose that until the end of the pan-
demic also vaccinated personnel and patients should 
wear face masks, especially during aerosol-generating 
procedures like echocardiographic examinations.
It is important to note that current recommendations 

have been issued at a time of uncontrolled spread of the 
infection and in the absence of robust national systems for 
emergent virus variants tracking, and the lack of sufficient 
knowledge about the efficacy of the vaccines towards these 
variants. Therefore, authors recommend echocardiographic 
laboratory directors to regularly update their knowledge 
about the COVID-19 pandemic.  
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A bstract     
Permanent cardiac pacing is a recognized method of treatment of patients with sick sinus syndrome 
and/or atrioventricular conduction disturbances. Implantation of a traditional pacing system with trans-
venous leads is associated with a risk of complications, such as pneumothorax perforation of cardiac 
wall or cardiac device-related infection. An alternative method that may be used for permanent cardiac 
pacing is represented by the leadless pacemaker, implanted directly into the target cardiac chamber. 
Such devices have been implanted in Poland since 2016, but the number of procedures is limited due 
to the lack of clear reimbursement rules.

The expert panel appointed by the National Consultant in Cardiology and the Executive Board of the 
Heart Rhythm Section of the Polish Cardiac Society presents a statement on the use of a leadless pace-
maker in Polish conditions. The statement present streatment  method  and results of clinical studies that 
confirm its safety and efficacy, indications and contraindications for its use, and precise requirements 
to be fulfilled by the implanting centers. 

Key words: leadless pacemaker, expert opinion
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INTRODUCTION
Permanent cardiac pacing is a method of treatment com-
monly used in patients with bradycardia due to sinus node 
disease and/or atrioventricular conduction disturbances 
[1]. A pacemaker (PM) consists of a device can, containing 
the battery and the processor controlling its operation, 
and the lead or leads, routed transvenously into the target 
cardiac chambers. Implantation of a PM with endocardial 
leads is associated with a risk of complications during the 

procedure. Those complications include pneumothorax, 
perforation of heart chambers and dislocations [2]. The use 
of endocardial leads also increases the risk of lead-depend-
ent endocarditis [3]. Last but not least, the leads are the 
main source of problems leading to malfunction of pacing 
systems, mainly due to their mechanical damage. Infec-
tions of the PM pocket, developing in the postoperative 
period or later, as a result of progressive skin damage or 
developing decubitus, constitute another crucial problem 
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of electrotherapy. Due to those reasons, the development 
of a leadless cardiac pacemaker (LCP), implanted directly 
into the cardiac chambers, has been carried out for many 
years now [5]. Currently, the PM produced by Medtronic 
company (Micra Transcatheter Pacing System) is the only 
available LCP, and therefore the majority of publications 
presenting the outcomes of this method are based on the 
analyses of the use of that particular system. One might 
expect though, that in the course of time other manufac-
turers will also introduce their own devices of that type.

CONSTRUCTION AND OPERATION  
OF THE LCP

The currently available LCP weighs 1.75 g, has a volume of 
0.8 cm3 and 26 mm of length. The implantation procedure 
involves the introduction of a vascular sheath of an outer 
diameter of 27 Fr through the femoral vein into the right 
ventricle. In the next step, having confirmed the appro-
priate placement of the sheath, the pacemaker’s body 
is released from its end and fixed in the interventricular 
septum by means of special nitinol tines. Once stimulation 
threshold and appropriate sensing have been confirmed, 
the device is finally separated from the guiding catheter 
and left in the cardiac chamber. The operating parameters 
of the pacemaker are entirely programmable, both sensing 
and pacing current (energy and the pulse width), which 
makes the device operation identical to the PM system 
with transvenous leads. Adaptation of pacing rate to the 
physical activity is also available (rate-responsive mode). 
Magnetic resonance imaging is also possible in patients 
with that type of pacing system [6].

The leadless pacemaker is currently available in two 
versions the VR version — performing pacing in VVI(R) 
mode and the AV version — offering a possibility of ven-
tricular pacing triggered by atrial activity (the VDD mode). 
This is acquired by using an accelerometer that effectively 
senses vibrations associated with blood flow through the 
tricuspid valve. Research data show that atrio-ventricular 
synchrony may be acquired in nearly 90% of heart beats 
[7–9]. The limitation of this device is, however, the relatively 
low upper sinus rate tracked in VDD mode, and above that 
rate, the device automatically switches into VVIR mode. The 
device life is estimated at 8–12 years, depending on the 
percentage of paced beats and pacing threshold.

CURRENT KNOWLEDGE ABOUT THE SAFETY 
OF USE AND EFFICACY OF LCP

The research data collected so far confirm the safety 
of use and efficacy of LCP. A procedural success rate of 
99.2% was reported for the very first study of 725 patients 
who underwent PM implantation. During the follow-up 
of 6 months, serious complications were observed in 
25 patients, resulting mainly from mechanical damage to 

the heart wall or femoral vein, that occurred during the 
implantation procedure [10]. During follow-up prolonged 
up to 12 months, 96% of patients were free from serious 
complications of the therapy, and thus the rates of serious 
complications  were reduced by 48% in comparison with 
patients having transvenous systems, as reported in ear-
lier studies [11]. It has been thereby confirmed that the 
incidence of complications during implantation of LCP is 
lower compared to a traditional PM, the reoperation rate is 
lower, and final pacing and sensing parameters are stable. 
In another study, including 795 patients, LCP was success-
fully implanted in 99.6% of cases and serious complications 
occurred in 1.5% of patients during 1-month follow-up [12]. 
In the follow-up period extended to 12 months, altogether 
including 1817 patients, serious complications were report-
ed in 2.7% of patients, which equals to 63% reduction in 
comparison with the patients undergoing PM implantation 
with transvenous leads [13].

Although the leadless pacemaker offers a valuable 
alternative for the commonly used transvenous systems, is 
not free from certain limitations. Implantation technique, 
small size, and healing into the heart wall may result in 
significantly more difficult removal of the device if such 
a necessity occurs [14–16]. LCP cannot be used in patients 
with a filter in the inferior vena cava, with mechanical 
tricuspid valve, or in the case of femoral vein anatomy 
precluding the introduction of a sheath size required for 
LCP implantation. The procedure is also contraindicated 
if there is any risk of potential interference with other pre-
viously implanted devices or intolerance of materials that 
the device is made of. Nonetheless, LCP is a cardiac pacing 
modality for patients without vascular access needed for 
traditional PM implantation, or patients with skin lesions 
that increase risk of infection of a transvenous system. 
Moreover, LCP may be a safe therapeutic option for pa-
tients with infective complications of previously implanted 
transvenous systems, or at high risk of such events [17]. Of 
note, in an obvious manner, the use of LCP eliminates the 
risk of endocardial lead-related complications, as well as 
local complications affecting the PM pocket, which have 
always been the weak point of traditional permanent 
cardiac pacing.

Leadless cardiac pacemaker implantations have been 
performed in Poland since January 2016, however, its use 
is limited by the lack of clear rules for reimbursement, and 
it follows individual applications to the National Health 
Fund or is performed as part of clinical trials.

A working group appointed by the National Consultant 
in Cardiology and the Board of the Heart Rhythm Section 
of the Polish Cardiac Society, having analyzed the available 
data and related it to participants’ personal experience, 
issues an opinion on the use of leadless pacing systems in 
Polish conditions. 
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RECOMMENDATIONS  
FOR IMPLANTATION OF A LCP

A. Implantation of a leadless cardiac 
pacemaker should be considered (class IIA of 
recommendations) in the following clinical 
settings in patients qualified for permanent 
cardiac pacing:

1. Lack of vascular access or other reasons 
precluding or significantly limiting the 
possibility of performing a standard transvenous 
implantation
This recommendation applies to the damage of the vas-
cular system, both the subclavian vein and superior vena 
cava, resulting from an illness, iatrogenic causes, the use of 
vascular ports and other similar situations, as well as con-
genital abnormalities and anomalies in the cardiovascular 
system, and the history of their treatment (e.g. the history 
of tricuspid valve repair or implantation of a tricuspid bi-
oprosthesis).

2. Recurrent or permanent focal or systemic 
inflammation, that may lead to (or led in the past) 
infective endocarditis
This recommendation, for example, includes patients with 
infected orthopedic or other implants, in whom infection 
of the implant is difficult to control and radical treatment 
is not planned. It also applies to patients with chronic 
inflammatory disorders of the skin or other organs, that 
increase the risk of infective endocarditis.

3. Comorbidities (or necessary medical 
interventions) that led to infective endocarditis, 
and therefore to the extraction of the traditional 
cardiac pacing system
This recommendation applies to patients undergoing 
dialysis or other analogous therapeutic interventions re-
quiring permanent vascular access, as well as patients on 
long-term immunosuppressive treatment, or with other 
comorbidities that significantly and permanently impair 
the immunity.

4. Comorbidities (or medical interventions) that 
led to local damage within the pocket of the 
implanted pacemaker, resulting in its removal, 
or conditions in which the implanted device 
restricts or precludes the use of specific oncologic 
therapeutic interventions (e.g. radiotherapy)
This recommendation applies to patients undergoing radi-
otherapy in the course of oncologic treatment if it overlaps 
the pocket of the traditionally implanted pacemaker.

B. Implantation of a leadless cardiac pacemaker 
may be considered (class IIB of recommendations) 
in the following clinical settings in patients 
qualified for permanent cardiac pacing:

1. Comorbidities (or medical interventions) leading 
to an increased risk of infective endocarditis
This recommendation applies to patients undergoing dial-
ysis or other analogous therapeutic interventions requiring 
permanent vascular access, as well as patients on long-term 
immunosuppressive treatment, or with other comorbidities 
that significantly and permanently impair the immunity.

2. Comorbidities or clinical situations (or medical 
interventions) possibly leading to local damage of 
the pacemaker pocket or the leads
This recommendation applies to patients undergoing ra-
diotherapy or in whom radiotherapy is considered in the 
course of oncologic treatment if it overlaps the traditional 
pacemaker pocket, and implantation of a traditional pace-
maker is planned. This recommendation also applies to 
patients potentially or chronically pacemaker dependent, 
in whom the risk of mechanical damage to the transvenous 
lead(s) is increased due to the nature of their work or limited 
supervision because of other socio-medical factors.

3. Comorbidities (or medical interventions) 
requiring permanent or periodical vascular access
This recommendation applies to patients, in whom there 
is an increased probability that vascular access may be 
needed for reasons other than implantation of a cardi-
ac pacemaker.

4. Anticipated small percentage of pacing in young 
patients with a long life expectancy 
This recommendation applies to young patients, requiring 
only ventricular pacing or with only occasional atrioven-
tricular conduction disturbances. In such cases, the possible 
risks and benefits of the procedure should be evaluated 
with special care.

C. Leadless cardiac pacemaker should be avoided 
(class III of recommendations) in the following 
clinical situations in patients qualified for 
permanent cardiac pacing:

1. Sick sinus syndrome, especially with maintained 
retrograde ventriculoatrial conduction, in case of 
chronic bradycardia, when a high percentage of 
ventricular pacing is anticipated
This contraindication applies to patients with chronic 
(non-paroxysmal) sinus bradycardia, in whom, due to the 
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high percentage of pacing and maintained retrograde 
conduction, atrial contraction occurs nearly simultaneously 
with ventricular contraction (when atrioventricular valves 
are closed), causing the symptoms of pacemaker syndrome.

In all of the abovementioned recommendations, in 
case of maintained sinus rhythm, implantation of a leadless 
pacemaker capable of ventricular pacing triggered by atrial 
rhythm should be preferred.

REQUIREMENTS FOR CENTERS  
IMPLANTING LCP

Apart from the centers that have already performed 
implantation of LCP systems, cardiology centers that have 
the most considerable experience in performing cardiac 
electrophysiology and electrotherapy procedures, as 
well as in the treatment of early and late complications of 
such procedures, including transvenous lead extractions 
should be preferred. The availability of cardiac surgery in 
the center is essential. The possibility of performing outpa-
tient follow-up visits of patients after electrotherapy and 
electrophysiology procedures is indispensable.

It is recommended to introduce the national registry 
of leadless pacemaker implantations and regular supervi-
sion from appropriate regulatory boards over the centers 
performing such procedures.

SUMMARY
Leadless pacemaker implantation is an important 

therapeutic option for patients requiring permanent 
cardiac pacing, in whom the use of a transvenous system 
is impossible or is associated with a high risk of complica-
tions. The possibility of maintaining vascular access intact 
for the purpose of future treatment and interventions is 
an important merit. It should be noted that the number 
of Polish centers utilizing this method is small, and their 
experience limited, which is mainly due to the current 
reimbursement regulations. The authors of that statement 
believe that introduction of clear reimbursement rules and 
fees covering entirely the costs of the procedure will result 
in increased availability of that method to fully satisfy the 
demand in Poland, which is estimated at approximately 
300 procedures annually. 
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