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Is cardiac magnetic resonance ready for aortic regurgitation?

Michael Markl1, 2, Jeesoo Lee1, Maurice Pradella1, 3

1Department of Radiology, Northwestern University, Feinberg School of Medicine, Chicago, Illinois, United States of America
2Department of Biomedical Engineering, Northwestern University, McCormick School of Engineering, Evanston, Illinois, United States of America
3Department of Radiology, University Hospital Basel, University of Basel, Basel, Switzerland

Related article
by Haberka et al.,
see p. 965

Current European Society of Cardiology and 
American Heart Association guidelines high-
light the importance of echocardiography for 
the assessment of aortic regurgitation (AR), 
since it is widely available and allows for com-
prehensive evaluation of multiple factors in 
one exam, such as valve morphology, jet angle, 
pressure half time as well as quantifi cation of 
regurgitant volume (RVol) and regurgitant 
fraction (RF), left ventricular (LV) dimensions 
and function [1, 2]. However, standard 2D 
echocardiography is often limited by anatomic 
coverage, and limited inter-, intra-observer, 
and sonographer variability. As a diagnostic 
alternative, cardiac magnetic resonance ima-
ging (CMR) offers superior image contrast 
with fl exible 2D or 3D image orientation and is 
considered the clinical reference standard for 
LV and right ventricular (RV) volumetry [3]. In 
addition, 2D phase-contrast CMR can reliably 
measure blood fl ow in the aorta and has been 
shown to provide reproducible AR RVol and 
RF, which are crucial metrics associated with 
the heart valve disease severity [4]. However, 
despite the benefi ts of CMR over transthoracic 
echocardiography (TTE), only limited data on 
the systematic comparison of both modalities 
have been presented. 

In the current issue of Kardiologia Polska 
(Polish Heart Journal), Haberka et al. present an 
interesting and timely study comparing TTE 
and CMR for the assessment of AR in a group 
of 49 patients [5]. The study cohort included 
a broad range of AR severity determined by the 
quantitative and semiquantitative integrative 
approach described in American Society of 
Echocardiography guidelines [3]. AR severity 
for all patients was also assessed using RVol 

and RF quantifi ed by 2D phase-contrast CMR 
with the same cutoff s for the grading used by 
TTE. In line with previous studies [4, 6, 7], the 
authors demonstrated that TTE overestimated 
AR severity, RVol, and RF in comparison to 
CMR. Further investigation revealed that fac-
tors associated with AR grading discrepancies 
between CMR and TTE were the presence of 
eccentric AR flow jets (≥40° deviation from 
the axis perpendicular to the aortic valve). This 
fi nding illustrates a well-known limitation of 
2D Doppler echocardiography which can only 
quantify the AR fl ow jet velocity component 
parallel to the ultrasound beam. As a result, 
the increased eccentricity of the AR fl ow jets 
can compromise the accuracy of TTE. How-
ever, whether the presence of an eccentric 
jet leads to over- or underestimation by TTE 
was not discussed by the authors. In addition 
to AR assessment, the authors compared the 
diagnostic value of CMR vs TTE for detecting 
LV remodeling impacted by AR. Their study 
found that, for both modalities, LV end-diastolic 
volume (EDV) signifi cantly correlated with RVol, 
which supports the potential benefi t of using 
EDV as an indicator of LV dilatation associated 
with AR [8, 9]. Furthermore, LV EDV and ejection 
fraction (LVEF) were higher for CMR compared 
to TTE. Since LV EDV and LVEF are both used to 
determine (surgical) intervention, this fi nding 
implies that CMR might be preferable in mon-
itoring the progression of AR. 

There are a few limitations: As the authors 
mentioned, there were only 5 cases of severe 
AR, which limits the clinical transferability of 
results. Second, for this type of study, it is of 
importance to ensure the discrepancy of meas-
urements is primarily driven by the diff erence 
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in the technique itself and not by physiological conditions 
between TTE and CMR examination. Blood pressure, heart 
rate, and time between the TTE and CMR exams would have 
been good indicators for changes in subject physiology 
but were not reported. Third, accurate fl ow quantifi cation 
use of 2D phase-contrast CMR requires careful 2D analysis 
plane orientation [10] along the aorta [11], correction for 
eddy-current induced background phase off set [12], and 
the use of suffi  ciently high-velocity encoding sensitivity. 
Finally, only half of the study cohort (n = 24) were used 
to compare AR fl ow metrics between the two modalities 
due to the limited applicability of the proximal isoveloc-
ity surface area (PISA) method. PISA is less suitable for 
AR than mitral regurgitation as the visualization of fl ow 
convergence in color Doppler echocardiography is often 
restricted by thickening and/or calcifi cation of the aortic 
valve which is also the case in this study cohort. As the fo-
cus was to compare TTE vs CMR, other indirect volumetric 
methods (e.g., subtracting mitral valve stroke volume from 
LV stroke volume) [3] available by TTE could have been an 
alternative to PISA in order to improve the statistical power 
of the study results. 

Nonetheless, the data presented in this study by 
Haberka et al. adds valuable information to understand the 
diff erences between the two modalities in AR assessment. 
Further investigation is still required to demonstrate the 
prognostic value of CMR-based AR assessment. TTE will 
thus likely remain the fi rst-choice imaging modality to 
evaluate and follow-up patients with AR in clinical practice 
due to its wide availability. Nevertheless, the advantages 
of CMR are evident in its ability to provide robust and 
reproducible aortic fl ow quantifi cation and assessment of 
global LV and RV function metrics. CMR could thus serve 
as an important clinical tool for patients with severe AR 
who require an accurate and comprehensive diagnosis to 
determine the need and timing of intervention.
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Hypoxic induction of atrial natriuretic peptide (factor) secretion
An infl ammatory interleukin-18 pathway is involved in the control of 
cardioprotective molecule
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In 1985 a seminal article by Lang et al. [1] was 
published in Nature. It described an atrial fac-
tor, which is secreted in response to volume 
load. This changed the concept of the heart 
from being just a pump to also being an en-
docrine organ. The fi nding of atrial natriuretic 
peptide (ANP = ANF, atrial natriuretic factor) 
was followed by the discovery of other cardiac 
peptides such as brain-type cardiac peptide 
(BNP), which instead of atria is mainly secret-
ed by ventricles, and C-type cardiac peptide 
(CNP). In addition, vertebrate groups other than 
mammals have a diff erent repertoire of pep-
tides. Natriuretic peptides or cardiac peptides 
(ANP, BNP, and CNP) play a role at least in vol-
ume regulation, hemodynamics and the control 
of heart function. They protect the heart, for 
example, during ischemia/reperfusion injury. 
In addition, the diuresis and increasing vascu-
lar permeability, which are eff ects exerted by 
cardiac peptides, decrease total blood volume. 
This, in turn, will increase the oxygen-carrying 
capacity of a unit volume of blood, as a constant 
number of erythrocytes is in a reduced plasma 
volume. Thus, cardiac peptides may also func-
tion in the control of oxygen transport. 

The regulation of ANP secretion has been 
shown to depend on mechanical stress on 
the myocytes: the more you stretch the heart, 
the more pronounced the increase of cardiac 
peptide secretion is [1, 2]. Also hypoxia, i.e. 
decreased oxygen level, causes natriuretic 
peptide release [3]. The best known hypoxic 
or even anoxic condition of the heart is infarct, 
but reduced oxygenation in mammals also 
occurs at high altitudes. Hypoxia is caused by 

any mismatch between oxygen consumption 
and blood perfusion of the tissue or the animal: 
in heart infarct, the perfusion of cardiac cells is 
reduced because of impaired coronary circu-
lation, at high altitude coronary circulation is 
not compromised, but the amount of oxygen 
it contains in a unit volume is decreased. It has 
initially been considered that also the hypox-
ia-induced increase in natriuretic peptide secre-
tion would be the result of mechanical stretch 
occurring in hypoxic cardiac cells. However, 
accumulating evidence indicates that hypoxia 
can aff ect natriuretic peptide release even in the 
absence of stretch [4] (note that this editorial 
considers the secretion of both A- and B-type 
natriuretic peptides to be regulated similarly 
[5]). In this context, it is notable that virtually 
all the studies with isolated hearts or cardiac 
cells have been done with physiological saline, 
which has the oxygen capacity of ca. 1/30 as 
compared to blood. Consequently, the cells of 
perfused hearts may become hypoxic when-
ever they are, e.g. stretched, making it diffi  cult 
to diff erentiate between stretch and hypoxia 
as the stimuli causing natriuretic peptide re-
lease [5]. Furthermore, provided that hypoxia 
is the stimulus for natriuretic peptide release, 
isolated heart preparation and the heart in an 
intact animal may behave diff erently, since the 
intact, blood-perfused heart is not experiencing 
hypoxia in conditions making the isolated heart 
hypoxic. In addition to the hypoxic increase of 
natriuretic peptide secretion, also their clear-
ance from the circulation may be aff ected by 
hypoxia. There are natriuretic peptide receptors 
in diverse tissues, and the consensus is that they 
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are largely clearance receptors, which decrease in numbers 
in hypoxia leading to reduced clearance of the peptide.

The regulatory pathway of hypoxia-induced natriuretic 
peptide secretion has, up to now, remained poorly char-
acterized [6]. It may involve the hypoxia-inducible factor 
(HIF), and could directly be controlled by it, as the genes 
encoding natriuretic peptides have hypoxia response ele-
ments in their promoter region [7] and as their transcription 
is increased by HIF [8]. In the current issue of Kardiologia 
Polska (Polish Heart Journal) Li et al. [9] presented studies 
showing that the Src-Interleukin-18 (Src-IL-18) pathway 
regulates ANP production in hypoxic rat atria. Subjecting 
atria to hypoxic conditions (oxygen tension around 55 mm 
Hg) they showed that hypoxia upregulated the expression 
of non-receptor tyrosine kinase Src, causing an increase 
in the expression of IL-18 and its two receptors through 
activation of RhoA signaling. The increase in IL-18 was 
followed by upregulated expression of ATF3, TCF3/LEF1, 
and TCF4/LEF1, leading to an induction of ANP secretion 
in hypoxia. 

Overall, the eff ects of the infl ammatory cytokine IL-
18 on the heart are deleterious: it induces myocardial 
hypertrophy, loss of contractility of cardiomyocytes, and 
apoptosis leading to myocardial dysfunction [9, 10]. In 
contrast, those of natriuretic peptides are cardioprotective 
[3]. This may appear contradictory but is teleologically 
attractive. Whenever there is an inflammatory heart 
condition leading to reduced oxygenation in cardiac 
cells, the very agent, IL-18, involved in the infl ammation, 
will promote natriuretic peptide secretion with a cardio-
protective eff ect.

The whole pathway from hypoxia to IL-18 induction 
may involve the well-known hypoxic stimulation of 
ET-1 (endothelin 1) expression, which increases Src expres-
sion [9]. Reactive oxygen species (ROS) may be signaling 
molecules involved [11]. ROS also appear to be behind 
the ischemia/reperfusion injury: after the ischemic peri-
od, reperfusion causes a surge of ROS to the reperfused 
area. Although the authors did not address the question 
of whether HIF is involved also in the hypoxia response 
pathway they describe, this is quite possible. First, HIF is 
involved in infl ammation [12]. Second, HIF is associated 
with the expression of both ET-1 and Src [13, 14]. Third, 
although the fi ndings are somewhat controversial, ROS 
are also involved in the control of HIF [15].

The study by Li et al. [9] helps us in understanding the 
mechanisms of regulation of natriuretic peptide secretion 
in a hypoxic heart. Furthermore, as their results connect 
the deleterious IL-18 with the cardioprotective ANP, the 
fi ndings have value for the treatment of heart conditions, 
which are associated with hypoxia. However, up to now, 
information on the pathways controlling the natriuretic 
peptide secretion in the hypoxic heart has been delivered 
in small fragments. Maybe the time would now be right to 
combine the bits and pieces in order to see the full picture 
of natriuretic peptide release in hypoxia?
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A B S T R A C T
Current pharmacotherapy for hypertrophic cardiomyopathy (HCM) is not disease-specifi c and has 
suboptimal effi  cacy, often necessitating interventional treatment. EXPLORER-HCM was a phase 3, 
randomized, double-blind, placebo-controlled, multicenter clinical trial investigating the eff ects of 
mavacamten, a fi rst-in-class selective cardiac myosin inhibitor, in patients with HCM, left ventricular 
outfl ow tract obstruction (LVOTO) and New York Heart Association (NYHA) class II or III symptoms. The 
primary endpoint was defi ned as either a ≥1.5 ml/kg/min increase in peak oxygen consumption (pVO2) 
and ≥1 NYHA class reduction or a ≥3.0 ml/kg/min pVO2 increase without NYHA class worsening. Sec-
ondary endpoints evaluated changes in post-exercise LVOT gradient, pVO2, NYHA class, Kansas City 
Cardiomyopathy Questionnaire-Clinical Summary Score (KCCQ-CSS), and Hypertrophic Cardiomyopa-
thy Symptom Questionnaire Shortness-of-Breath subscore (HCMSQ-SoB). A total of 251 patients were 
randomized to receiving mavacamten or placebo. The primary endpoint and all secondary endpoints 
were met signifi cantly more frequently in the mavacamten arm versus placebo. The safety profi le of 
mavacamten was similar to that of placebo. In conclusion, disease-specifi c treatment with mavacamten 
in patients with obstructive HCM led to reduced LVOTO and improvement in both objective functional 
parameters and patient-related health status. 

Key words: hypertrophic cardiomyopathy, left ventricular outfl ow obstruction, mavacamten
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INTRODUCTION
Hypertrophic cardiomyopathy (HCM) is the most common 
genetic cardiomyopathy, with a 1:500 prevalence in the 
general population [1]. The diagnosis of HCM is based 
on demonstrating signifi cant thickening of at least one 
myocardial segment of the left ventricle. Regardless of 
the imaging technique (echocardiography, magnetic res-
onance, computed tomography), a cut-off  value of 15 mm 
in diastole has been adopted. Additionally, in fi rst-degree 
relatives of patients with confi rmed HCM, a wall thickness 
of ≥13 mm is deemed suffi  cient for diagnosis. The core 
pathomechanism of HCM is represented by the enhanced 
affi  nity between actin and myosin fi laments leading to 
hypercontractility, left ventricular diastolic dysfunction, and 
in about 70% of patients, dynamic left ventricular outfl ow 

tract obstruction (LVOTO). So far, roughly 1500 mutations 
in about 11 genes encoding diff erent proteins of the sar-
comere were identifi ed. Most frequently (>70%), genes 
encoding the beta-myosin heavy chain-7 and myosin-bind-
ing C3 proteins are aff ected. Recent investigations in un-
derstudied populations off er local and global verifi cation 
of the genetic mutation underlying HCM [2, 3]. The key 
features of HCM are unexplained wall thickening, abnor-
mal relaxation with increased fi lling pressures, myocardial 
fi brosis. Clinical manifestations are heart failure (HF), atrial 
fi brillation (AF), ventricular arrhythmia, potentially leading 
to sudden cardiac death, syncope, and angina. HCM can 
have a nonobstructive (no-HCM) or more frequent ob-
structive (oHCM) form. Dynamic LVOTO related to systolic 
anterior motion (SAM) of the mitral valve can be present 
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at rest or detected after proper physiological provocative 
test, i.e., exercise, especially in the upright position [4–7] in 
up to 70% cases (sum of resting obstructive and provoked 
obstructive gradients) [8, 9]. Medical treatment of the HCM 
with severe LVOTO (gradient of ≥50 mm Hg) has been 
challenging, with many patients experiencing poor quality 
of life and often drug side eff ects. As the disease-specifi c 
treatment for HCM is still lacking, the current therapeutic 
regimens are based on empiric use of drugs such as be-
ta-blockers (BB), verapamil, or disopyramide. The medical 
therapy is eff ective, however often associated with drug 
side eff ects, in particular in the case of disopyramide. Pa-
tients with symptoms refractory to medical therapy usually 
require septal reduction therapies (SRTs) which remains 
the most eff ective treatment provided it is performed in 
experienced high-volume centers.

UNMET CLINICAL NEEDS IN OHCM 
WITH LVOTO

Based on the 2014 European Society of Cardiology (ESC) 
guidelines, pharmacotherapy aiming to relieve the LVOTO 
and improve symptoms encompasses BB, non-dihydropyri-
dine calcium channel blockers (CCB), and disopyramide 
(unavailable in Poland). Similar medical management 
is recommended in recent American Heart Associa-
tion/American College of Cardiology guidelines [10–12]. 
Such therapies often lead to a reduction of LVOT gradient 
and improvement of symptoms. Still, they are often asso-
ciated with clinically signifi cant side eff ects, especially if 
combination therapy is used (BB or CCB + disopyramide). 
Also, the use of CCB in patients with HF and very high LVOT 
gradients is problematic due to their vasodilatory eff ects.

In the presence of LVOTO, BB became the fi rst-line 
pharmacotherapy [13, 14] preferred over verapamil, re-
ducing LVOT gradient via a negative inotropic eff ect. Direct 
comparison between propranolol and verapamil revealed 
that propranolol was more eff ective in gradient reduction, 
but only verapamil was able to signifi cantly decrease New 
York Heart Association (NYHA) class [15]. Verapamil utility 
in oHCM with high resting gradients is limited by its vaso-
dilating eff ects that can, infrequently, worsen gradient and 
symptoms [16, 17]. As such, we tend to avoid it in patients 
with high gradients and severe HF symptoms [16]. 

In the European HCM center of excellence [13, 14] 
nadolol is the fi rst choice drug, considering its good toler-
ability, favorable electrophysiological profi le, potent eff ect 
on gradients, and adequate 24‐h coverage. Conversely, in 
the American HCM center of expertise [16] bisoprolol is the 
fi rst-choice BB due to the highest beta-1 selectivity. Howev-
er, at high doses of BB needed for obstruction, relief might 
be poorly tolerated (hypotension, bradycardia, decreased 
atrio-ventricular conduction, chronotropic incompetence, 
exacerbation of the chronic obstructive pulmonary disease, 
or erectile dysfunction). Verapamil, but not BB, improved 
coronary endothelial dysfunction [18]. Overall, the effi  cacy 
and side eff ect profi le of the current pharmacotherapy 

are not optimal. Established SRTs involve surgical septal 
myectomy (Morrow’s operation) and transcatheter alcohol 
septal ablation. The fi rst one is recommended in younger, 
active patients with a thicker interventricular septum (IVS), 
higher LVOT gradient, and concurrent structural heart 
disease warranting, e.g., simultaneous mitral valve repair 
or replacement. Alternatively, the percutaneous approach 
is considered more suitable in the elderly, with IVS thick-
ness below 18 mm.  Septal reduction therapies eff ectively 
reduce symptoms in the majority (>95% myectomy and 
>75% alcohol septal ablation) of patients, however, they 
must be performed in experienced high-volume centers 
and are not widely available.

All of the above are not targeting the underlying 
pathophysiology of the disease. The contractile apparatus is 
a promising target for novel drug development; therefore, 
investigation for a new drug reducing LVOT gradient was 
crucial. In 2016  a small-molecule allosteric inhibitor of 
myosin was discovered (initially coded MYK-461), currently 
named mavacamten [19]. In contrast to non-specifi c ino-
tropic negative drugs, mavacamten is a specifi c compound 
targeting the primary molecular defect of the cardiomyo-
cyte function [20–22]. 

MECHANISM OF ACTION
From the pathophysiological point of view, both oHCM 
and noHCM are characterized by hypercontractile left 
ventricular myocardium despite hypertrophy status. The 
molecular underpinnings of hypercontractility relate to an 
energetically ineffi  cient myosin. Active myosin is a com-
posite of two myosin heads with intertwined tails. During 
the myosin force production cycle, there is an autoinhib-
ited state, sometimes referred to as a super-relaxed state. 
With certain myosin mutations, in the HCM sarcomere, this 
inhibited state is shortened, leading to hyperactivation 
and excess ATP  utilization [23–25]. Mavacamten, a fi rst-in-
class oral small molecule, targets this process directly as an 
allosteric modulator of cardiac β-myosin, causing revers-
ible inhibition of actin-myosin cross-bridging (Figure 1).
In detail, mavacamten stabilizes this inhibited state, eff ec-
tively lengthening the time that myosin is inactive [23–25]. 
Mavacamten binds to myosin, stabilizes the super-relaxed 
conformation, and shifts the kinetics of the actin-activated 
phosphate release step of myosin activation, thus decreas-
ing ATPase activity and essentially slowing interaction of 
myosin with actin. Although there are multiple myosin 
forms, Mavacamten is specifi c for β-myosin heavy chain, 
expressed in the myocardium. Mavacamten demonstrated 
low clearance, a high volume of distribution, long ter-
minal elimination half-life, and high bioavailability after 
oral intake cross-species. Simple four-species allometric 
scaling led to predicted plasma clearance, the volume 
of distribution, and half-life of 0.51 ml/min/kg; 9.5 l/kg, 
and 9 days, respectively, in humans [26]. Importantly this 
molecule is cardiac-selective and does not infl uence the 
function of skeletal muscles.
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STUDIES IN ANIMAL MODELS
Green et al. [19] demonstrated that chronic administration 
of MYK-461 during development suppresses the develop-
ment of ventricular hypertrophy, cardiomyocyte disarray, 
myocardial fibrosis and attenuates hypertrophic and 
profi brotic gene expression in a mouse model of HCM. In 
the echocardiographic study in the feline genetic model of 
oHCM, treatment with mavacamten reduced contractility 
eliminated SAM, and relieved LVOTO [27]. The latest study 
assessed the eff ect of mavacamten on cardiac muscle 
contraction in two transgenic mouse lines expressing the 
human isoform of cardiac myosin regulatory light chain in 
their hearts [28]. Findings indicate that the drug reduces 
isometric tension and Ca2+-sensitivity of contraction via 
decreased strong cross-bridge binding. 

FIRST IN MAN STUDIES
In the fi rst study in patients, mavacamten was evaluated 
in a subgroup of oHCM in the open-label PIONEER-HCM 
(Pilot Study Evaluating drug in Subjects With Symptomatic 
Hypertrophic Cardiomyopathy and Left Ventricular Outfl ow 
Tract Obstruction) [29]. The PIONEER-HCM was a prospec-
tive, phase 2 study to evaluate the pharmacokinetics and 
pharmacodynamics of mavacamten. The inclusion criteria 
were resting LVOT gradient greater than 30 or provoked 
gradient greater than 50 mm Hg. The study included 21 pa-
tients. In subgroup A (n = 11), higher-dose mavacamten 
resulted in a signifi cant and rapid reduction in the degree 
of post-exercise LVOTO (average ~90 mm Hg decrease in 
post-exercise LVOT gradient). In this subgroup, there was 
also a substantial (17%) improvement in exercise capacity 
(peak oxygen consumption [VO2] + 3.5 ml/kg/min). Sub-
group B (n = 10) received lower doses of mavacamten. 
While improvement in LVOT obstruction (average ~25 mm 
Hg decrease in post-exercise LVOT gradient) and exertional 
capacity (peak VO2 + 1.7 ml/kg/min) were more modest, 
there was still signifi cant symptom improvement. In both 
higher and lower doses of mavacantem, a substantial 
reduction in gradient was observed. Furthermore, eight 
participants had a decrease of LVOT gradient <30 mm Hg. 
Apart from positive hemodynamic changes, a benefi cial 
lowering of serum N-terminal pro-brain natriuretic peptide 

(NT-proBNP) was also observed (biomarker representing 
myocardial wall stress). Importantly, the left ventricular 
ejection fraction declined by 6% to 15%, which corresponds 
with the expected mode of cellular action of the myosin 
inactivator. These positive fi ndings set the stage for the 
recently presented EXPLORER-HCM (Clinical Study to Eval-
uate Mavacamten [MYK-461] in Adults With Symptomatic 
Obstructive Hypertrophic Cardiomyopathy) study.

RANDOMIZED, MULTICENTER STUDIES
EXPLORER-HCM is a multicenter, phase 3, randomized, 
double-blind, placebo-controlled trial to investigate the 
effi  cacy and safety of mavacamten in treating symptomatic 
220 patients with oHCM. EXPLORER-HCM trial enrolled 
adult patients with an established diagnosis of HCM, 
maximal LVOT gradient exceeding 50 mm Hg (at rest or 
provoked by Valsalva maneuver or exercise), preserved left 
ventricular ejection fraction (LVEF ≥55%), and NYHA class II 
or III HF symptoms. Moreover, patients had to be capable 
of performing upright cardiopulmonary exercise testing. 
Main exclusion criteria included a history of exercise-in-
duced syncope or sustained ventricular tachyarrhythmia 
(VT) within 6 preceding months; QT interval corrected 
using Fridericia’s formula >500 ms, AF present on screening 
electrocardiogram, and any AF without anticoagulation 
for at least 4 weeks or with insuffi  cient rate control within 
6 months before screening. Prior septal reduction therapy 
did not exclude a patient, provided it was performed more 
than 6 months before screening. Continuation of standard 
HCM pharmacotherapy with a BB or calcium channel block-
er was allowed as long as the dosing remained unchanged 
for at least 2 weeks before the screening, and no modifi ca-
tions were expected throughout the study. The base dose of 
mavacamten was 5 mg qd and was individually up-titrated 
to a maximum of 15 mg at weeks 8 and 14 to achieve the 
target reduction of LVOT gradient <30 mm Hg and mava-
camten plasma concentration between 350 ng/ml and 
700 ng/ml. The primary composite endpoint was defi ned 
as an increase of pVO2 by at least 1.5 ml/kg/min accompa-
nied by at least one NYHA class reduction or an increase of 
pVO2 by at least 3.0 ml/kg/min with no worsening of NYHA 
class. Among secondary endpoints, changes in post-exer-

Figure 1. Mechanism of mavacamten action
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cise LVOT gradient, pVO2, percentage of patients with at 
least one NYHA class improvement, and cardiomyopathy 
questionnaires (KCCQ-CSS, HCMSQ-SoB) were evaluated.

Eligible adults with oHCM and NYHA were randomized 
1:1 to receive once-daily, oral mavacamten, or matching 
placebo for 30 weeks [30]. 98% of patients enrolled com-
pleted the study. Of the 2% who dropped out, none was 
lost due to reduced LVEF or symptoms of HF. Overall rates of 
adverse events, serious adverse events, and cardiac adverse 
events, including AF, were comparable for patients treated 
with mavacamten and placebo. Safety and tolerability of 
the agent were similar to placebo. One patient died by 
sudden death in the placebo group.

Main results
The primary endpoint was achieved by 45 (37%) patients 
in the mavacamten group and 22 (17%) in the placebo 
group (+19.4%; 95% CI, 8.7–30.1; P = 0.0005). Addition-
ally, in the mavacamten group, an increase of pVO2 by at 
least 3.0 ml/kg/min together with at least one NYHA class 
improvement was noted in 45 (37%) patients, while the 
same eff ect in the placebo group was found in 10 patients 
(diff erence +12.5%; 95% CI, 4.0–21.0).

Secondary endpoints also pointed at the improvement 
associated with mavacamten administration. The decrease 
in post-exercise LVOT gradient in the treated group was 
greater by 35.6 mm Hg (95% CI, −43.2 to −28.1; P <0.0001) 
with a mean reduction from 86 mm Hg to 38 mm Hg vs 
84 mm Hg to 73 mm Hg. The pVO2 increase with mavaca-
mten was 1.4 ml/kg/min greater than with placebo (95% CI, 
0.6–2.1; P = 0.0006). 80 (65%) patients treated with mavaca-
mten noted an improvement by at least one NYHA class vs 
40 (31%) patients receiving placebo (diff erence 33.8%; 95% 
CI, 22.2–45.4; P <0.0001). Furthermore, in the mavacamten 
group 61 (50%) patients achieved NYHA class I, whereas, 
in the placebo group, there were 27 (21%) of them. Corre-
spondingly, also patient-reported outcomes as assessed by 
KCCQ-CCS (positive change better) and HCMSQ-SoB (neg-
ative change better) favored treatment with mavacamten 
(KCCQ-CCS +9.1; 95% CI, 5.5–12.7; HCMSQ-SoB −1.8; −2.4 to 
−1.2; P <0.0001 for both). Complete response was defi ned 
as a reduction of LVOT gradient <30 mm Hg together with 
achieving NYHA class I. Such a result was noted in 32 (27%) 
patients treated with mavacamten, and only 1 (1%) receiv-
ing placebo (+26.6%; 95% CI, 18.3–34.8). Reduction of LVOT 
gradient below the standard cut-off  value for interventional 
treatment that is <50 mm Hg was achieved by 53% more 
often in the mavacamten group (74.3% vs 20.8% [diff erence 
53.5%; 95% CI, 42.0 to 65.0, P<0.001)].

Notably, a signifi cant number of patients on placebo 
had improvement in the primary endpoint and NYHA 
class. This highlights the need for proper double-blinding 
in such studies, which evaluate the physical performance 
and HF symptoms. On the other hand, the reduction of the 
NT-proBNP observed in the mavacamten group supported 

the conclusion that the diff erences between the groups 
were truly significant. Also, the reduction of the LVOT 
gradient was by 35% greater on mavacamten than on pla-
cebo and all of the secondary endpoints were consistently 
showing the superiority of the drug over placebo. Another 
important issue is the variability of the LVOT gradients. The 
variability tends to be higher for resting gradients and 
less for gradients provoked by exercise. The post-exercise 
gradient was the secondary endpoint of the trial, which 
makes the variability less relevant.

The reduction of cardiac biomarkers concentrations 
was similarly rapid and sustained, parallel to the hemody-
namic changes noted. At week 30 compared with baseline, 
the drop in NT-proBNP after mavacamten treatment was 
80% greater than for placebo, and the decrease in hs-cTnI 
was 41% greater for mavacamten than for placebo. 

NONOBSTRUCTIVE HCM
Another direction of investigation (MAVERICK-HCM study) 
was designed to evaluate the dosing of mavacamten 
in HCM without LVOTO since the drug has extended 
pharmacokinetic properties [31]. Fifty nine patients were 
enrolled and observed for over 16 weeks. Patients were 
subdivided into 3 subgroups (n = 19 allocated to serum 
drug concentration of ~200 ng/ml, n = 21 allocated to 
~500 ng/ml, and n =19 to placebo), followed by an 8-week 
washout period. The MAVERICK-HCM study fulfi lled its pri-
mary objective concerning safety and tolerability. The drug 
was well tolerated, with no diff erences in reported serious 
adverse events (SAE) between treatment groups (10% on 
mavacamten and 21% on placebo). A common SAE was AF 
(5% in both groups), and the majority of other side eff ects 
(>70%) were not clinically relevant. The main secondary 
outcome was a reduction in plasma biomarkers. In the 
pooled mavacamten groups, the NT-proBNP decreased by 
53% vs 1% in the placebo group (–435 pg/ml vs –6 pg/ml; 
P = 0.0005). Similarly, the cardiac troponin I also decreased 
by 34% in the pooled-mavacamten group compared to 
a 4% increase in the placebo group (P = 0.009). The investi-
gators evaluated exploratory functional endpoints, includ-
ing peak VO2 or NYHA functional class. Among a high-risk 
subgroup with elevated myocardial injury biomarkers 
(cardiac troponin I >99th percentile) or elevated diastolic 
fi lling pressures (average E/e’ >14 on Doppler-echocardi-
ogram), one-third of mavacamten treated patients met 
the composite functional endpoint defi ned as achieving: 
(1) an improvement of at least 1.5 ml/kg/min in peak 
VO2 with a reduction of NYHA functional class; or (2) an 
improvement of 3.0 ml/kg/min or more in peak VO2 with 
no worsening in NYHA functional class — compared with 
none in the placebo group (P = 0.03). The eff ect on the 
plasma level of both biomarkers is particularly benefi cial 
given recent evidence demonstrating the unfavorable 
role of  persistently high levels of these biomarkers in 
HCM [32, 33].
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IMAGING STUDIES
The recent cardiac magnetic resonance substudy of EX-
PLORER [34] is the fi rst to show the favorable infl uence of 
mavacamten on cardiac remodeling in HCM. Mavacamten 
was associated with a signifi cant reduction in the total in-
tracellular myocardial mass index as well as left ventricular 
(LV) mass index, maximum LV wall thickness, and left atrial 
volume index. Importantly, no changes in fi brosis level 
were observed over 30 weeks. Furthermore, the contractile 
function was maintained in the normal range. Reduction 
in hypertrophy and left atrial volume were demonstrated 
parallelly with a decrease in plasma levels of biomarkers 
of myocardial stress and injury.

ONGOING STUDIES
The findings of EXPLORER-HCM and MAVERICK-HCM 
studies are further confi rmed in two ongoing long-term 
extension studies — A Long-term Safety Extension Study 
of Mavacamten (MYK461) in Adults with Hypertrophic 
Cardiomyopathy Who Have Completed the MAVERICK-HCM 
(MYK-461-006) or EXPLORER-HCM (MYK-461-005) Trials 
(MAVA-LTE). 

The main goals of LTE are: (1) assessment of the 
long-term safety and tolerability of mavacamten in par-
ticipants with HCM who completed the prior studies; (2) 
collection of data on the long-term outcomes in patients 
with symptomatic noHCM and oHCM; and (3) evaluation 
of the echo-guided mavacamten titration algorithm in 
symptomatic oHCM participants. The active treatment in 
both studies is 2 years, and all patients receive the drug.

VALOR-HCM (Evaluation of Mavacamten in Adults with 
Symptomatic Obstructive Hypertrophic Cardiomyopathy 
who are Eligible for Septal Reduction Therapy) study will 
verify the hypothesis that in patients (n = 100) with symp-
tomatic oHCM the course of mavacamten over 16 week will 
reduce the need for SRTs [35]. Until then SRTs remain the 
most eff ective treatment for drug-refractory oHCM [36].

CLINICAL PERSPECTIVE 
Mavacamten seems to be a useful drug for the full spectrum 
of HCM presentations (obstructive and nonobstructive). 
Beneficial effects include LVOT gradient reduction, an 
increase of exercise tolerance, and a decreased level of 
biomarkers (reduction of wall stress and ischemia injury). 
Also, clinical status and quality of life tend to follow these 
hemodynamic changes. Mavacamten is the fi rst in class 
drug targeting the key underlying molecular mechanisms 
of cardiomyocyte hypercontractility in HCM. 
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Left atrial strain — a current clinical perspective

Karolina Kupczyńska1, Giulia Elena Mandoli2, Matteo Cameli2, Jarosław D Kasprzak1

11st Department and Chair of Cardiology, Bieganski Hospital, Medical University, Łódź, Poland
2 Department of Medical Biotechnologies, Division of Cardiology, University of Siena, Siena, Italy

A B S T R A C T 
The speckle-tracking technique has become an easily accessible, quick-to-use, and straightforward 
tool for assessing advanced myocardial function. Achievements in the analysis of the left atrium have 
demonstrated that it plays an important role in the physiology and pathophysiology of the circulatory 
system. Deformation analysis allows the detection of even subtle functional abnormalities when atrial 
enlargement is not yet detected. Thus, left atrial strain has a documented diagnostic and prognostic 
value in many clinical scenarios. Furthermore, this technique is increasingly entering routine clinical 
practice. The analysis becomes possible thanks to new tools that simplify the speckle-tracking assess-
ment. Left atrial strain improves diagnostic possibilities of standard echocardiographic examination, 
and its diagnostic and prognostic value is sometimes comparable with more advanced and less avail-
able techniques. In this review, we discuss the principles of performing strain analysis and the results 
of current research, and thus the potential possibilities of sophisticated atrial assessment application 
in various clinical scenarios.

Key words: atrial cardiomyopathy, left atrial strain, speckle tracking echocardiography
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FUNCTIONAL SIGNIFICANCE 
OF THE LEFT ATRIUM

Dysfunction and structural remodeling of the left atrium 
(LA) are signifi cant components of cardiovascular patholo-
gy [1, 2]. Early detection of these abnormalities contributes 
to evaluating even preclinical diagnosis of ventricular 
dysfunction or valve disease. It can also corroborate the 
diagnosis of emerging atrial cardiomyopathy [3, 4].

Traditional echocardiographic evaluation of the LA 
used to be oversimplifi ed and limited to the anteroposteri-
or dimension and semi quantifi cation of atrial component 
of ventricular fi lling, and only recently it was supplemented 
with standardized volumetry [5]. However, routine meas-
ures of atrial function have not been implemented yet [6].

LA function consists of three components, mainly: res-
ervoir, conduit, and active pump [7]. In the case of normal 
diastolic function, the relative contribution of the particular 
LA phases into the left ventricular (LV) fi lling is as follows: 
reservoir 40%, conduit 35%, pump 25% [8].

LA contractility modulates LV fi lling and plays an essen-
tial role in maintaining cardiac output even in the setting 
of impaired relaxation or reduced compliance of LV [1, 7]. 
The importance of reservoir and pump phases increases, 
and the conduit phase’s role decreases in patients with 
disturbed LV relaxation [8]. The impaired phasic function 

of the LA was described in many cardiovascular diseases, 
including atrial fi brillation (AF), stroke, cardiomyopathies, 
and valvular heart disease [2]. 

LEFT ATRIAL STRAIN ASSESSMENT 
Speckle-tracking echocardiography (STE) has become an 
established method for quantifying myocardial function 
[9]. It provides reliable estimates of myocardial deforma-
tion with further accuracy, thanks to the recent advent of 
dedicated software packages. Measurements of atrial strain 
using STE are well-validated [10, 11] and, notably, correlated 
with the histologically proven fi brotic remodeling of the LA 
wall [12–14]. However, the results obtained with diff erent 
echocardiographic machines and post-processing software 
packages should be interpreted with caution because 
vendor variability is not well studied yet.

In contrast to Doppler techniques, STE is independent 
of the angle of the ultrasound beam and cardiac transla-
tional movements. A two-dimensional speckle consisting 
of a group of pixels is traced in all directions within the 
imaging plane. The main limitation can be partial displace-
ment of the speckles outside the imaging plane. Three-di-
mensional echocardiography may overcome this limitation 
by analysis within a volumetric dataset [15]. The most 
frequently used measurement based on the STE technique 
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is global longitudinal strain, describing the relative change 
in the muscle length averaged for visible segments [5]. 
The strain is a change in the distance between two points 
of the myocardium occurring in the cardiac cycle. When 
the distance decreases (shortening), the deformation has 
a negative value, and when the distance increases (length-
ening), its value is positive. The strain rate refl ects the rate 
of change of the mentioned distance [16, 17]. 

The majority of published studies on the LA strain (LAS) 
are based on the measurements performed with LV-ded-
icated software, but several dedicated tools are currently 
available. In addition, due to increasing interest in the 
functional assessment of the LA, the international expert 
group has recently published a document to standardize 
LAS evaluation [6].

LAS is measured from the apical 4- and 2-chamber 
views. For a reliable analysis, the apical views should be 
optimized to avoid foreshortening and to record a maxi-
mized cross-sectional view of the LA cavity. The assessment 
can involve only a 4-chamber view (6 LA segments) or both 
4- and 2-chamber views to report the average value from 
12 segments (Figure 1). The 3-chamber view should not be 
taken into account because of the proximity of the aortic 
valve and aorta, which could falsify LAS measurements 
[2, 6]. It is crucial to keep the frame rate above 60 [18, 19].

LAS measurements should be interpreted with caution 
for the defi nition of the reference point. In fact, for LAS, 
two possibilities were explored, using QRS-complex or 
P-wave as the starting points for LA border detection [16, 
17, 20]. The software automatically indicates the upslope of 
the R-wave as the starting point and generates the frame 
for endocardial tracing. This timepoint is a surrogate for 
end-diastole [6]. The analysis, which is focused on other 
zero-reference points, such as the onset of QRS complex 
or P-wave, requires additional manipulations on the ECG 
curve [10]. The strain curve with diff erent starting points is 

presented in Figure 2. Data from 26 expert centers (MASCOT 
HIT study, Multicentric Atrial Strain COmparison between 
Two diff erent modalities) proved that both methods are 
characterized by similar reproducibility. Still, calculations 
using the QRS complex as a reference point were associated 
with better feasibility and shorter analysis time [10]. This 
convention is also more universal because it can be applied 
in AF. The strain curve generated using this method enables 
the assessment of:
• LA strain in the reservoir phase (LAS-r) corresponding 

to LA early diastole with maximum relaxation of its wall, 
also known as peak atrial longitudinal strain (PALS);

• LA strain in the conduit phase (LAS-cd) corresponding 
to LA mid-diastolic emptying with its passive short-
ening;

• LA strain in the contraction phase (LAS-ct) or peak atrial 
contraction strain (PACS) corresponding to LA systole 
with active myocardial shortening producing the atrial 
contribution to LV fi lling [21].
Thus, the total function of the LA is best refl ected by 

reservoir strain expressed in percentage points, algebrai-
cally positive. 

The LAS calculated using P-wave as the starting point 
is known as epsilon (ε). The generated strain curve allows 
to assess:
• peak negative ε corresponding to LA contractile;
• peak positive ε corresponding to LA conduit phase;
• total ε as the absolute value of both abovementioned 

peaks, refl ecting the LA reservoir phase [22].
Recently available software dedicated to the LA, such 

as AutoStrain LA or LA Automated Function Imaging, 
allows for a quick assessment with a smooth transition 
between the P-wave and R-wave methods. For example, 
Figure 3 shows the results of the LA strain assessment with 
AutoStrain LA.

STE also enables the assessment of the LA strain rate 
by a curve with three peaks. In the analysis with R-wave 
set as a reference point, the fi rst peak is positive and cor-
responds to the LA reservoir phase. The consecutive two 
peaks are negative. The fi rst corresponds to the LA conduit 
phase (passive LA strain rate) and the second one to the 
LA contractile (active LA strain rate) [23, 24]. However, STE 
strain rate analysis is of less interest in the literature. A sig-
nifi cant limitation is the temporal resolution of acquired 
images. The frame rate should be increased signifi cantly in 
tachycardia. The strain rate as a time-dependent parameter 
requires higher temporal resolution, optimally >100 frames 
per second [25]. A recently developed novel imaging tech-
nique enabling the acquisition of images with 200 frames 
per second is a promising prospect [26].

The analysis of LAS dispersion is possible due to ad-
vanced assessment of regional data and is calculated as 
the standard deviation of regional values of time to the 
maximum peak of segmental strain curves normalized to 
the R-R interval [27, 28]. 

Figure 1. Segmental division of the left atrium in 4- and 2-chamber 
apical views using the speckle tracking echocardiography 

Abbreviations: LA, left atrium; LV, left ventricle; RA, right atrium; RV, 
right ventricle
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Figure 2. Left atrial strain (LAS) 
nomenclature depending on the 
choice of zero reference time-
point — QRS-complex (panel 
A) and P-wave (panel B). When 
R-wave is set as the starting 
point, the fi rst positive peak cor-
responds to the left atrium (LA) 
reservoir phase, the second peak 
characterizes LA contractile, and 
the diff erence between those 
peaks corresponds to the conduit 
phase. When P-wave is set as the 
reference, the fi rst negative peak 
characterizes the LA contraction, 
positive peak — conduit phase, 
and their sum corresponds to the 
LA reservoir phase

Several parameters derived from LAS were proposed to 
describe the cardiac function better. The LA stiff ness index 
refl ecting decreased compliance of LA can be non-invasive-
ly calculated as the quotient of mitral E/E’ ratio and LAS-r. 
This parameter can be used as a surrogate of invasively 
measured stiff ness requiring pulmonary capillary wedge 
pressure assessment. The LA stiff ness index was revealed 
to be useful for diff erentiating healthy controls, patients 
with diastolic dysfunction, and patients with heart failure 
(HF) and preserved and reduced ejection fraction [29]. 
Moreover, this parameter is related to collagen synthesis 
and predicts AF recurrence after pulmonary vein isolation 
[30]. Interestingly, the LA stiff ness index is decreased in 
competitive athletes coexisting with the enlarged LA as 
physiological adaptation [31].

LA function should be interpreted in the context of 
LV, and it is interesting to analyze atrioventricular strain 
calculated as the sum of absolute LAS-r and LV strain. 

However, in patients with hypertension and/or diabetes 
mellitus without alteration of standard echo parameters, 
the best marker of subclinical abnormalities was LAS-r [32].

Experience with LAS calculated from 3D datasets is 
preliminary, but current software used for 4D LA analysis 
automatically calculates the strain curve with longitudinal 
and circumferential strain values (Figure 4).

NORMAL VALUES OF LEFT ATRIAL STRAIN
A meta-analysis of 40 studies conducted predominantly 
using EchoPAC software (General Electric Healthcare, 
Milwaukee, WI, USA) defi ned a range of normal values for 
atrial deformation (Table 1). The authors compiled data 
obtained both with tools provided by General Electric and 
other suppliers, without noting signifi cant vendor-related 
diff erences [33].

The authors of the multicenter NORRE study (Normal 
Reference Ranges for Echocardiography) determined 

A

B
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Figure 3. Left atrial strain derived left atrium (LA) dedicated software (AutoStrain LA). Strain curve generated depending on zero-reference 
timepoint — QRS-complex (panel A) and P-wave (panel B). Courtesy Philips Poland

a range of reference values   for LAS and LA stiff ness index 
using commercially available VIS — Vendor Independent 
Software (TomTec Imaging System, Unterschleißheim, 
Germany) (Table 2). The study included 371 healthy indi-
viduals. In the multivariate analysis, it turned out that age 
is independently related to the individual components of 
deformation, regardless of gender or an echocardiograph 
type used for registration [11].

Table 3 shows the strain values  obtained in the MASCOT 
HIT study and derived from three study groups (healthy 

volunteers, patients with LV pressure overload, or LV vol-
ume overload). The median time needed for analysis with 
R-wave reference point was shorter (120 sec, interquartile 
range [IQR], 80–165 sec) than with P-wave set as a starting 
point (110 sec, IQR, 78–149 sec) [10].

ATRIAL CARDIOMYOPATHY
An important concept related to the LA is atrial cardiomy-
opathy, defi ned as a complex of changes in the structure, 
tissue architecture, contractility, or electrophysiological 

A

B
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Figure 4. Left atrial assessment derived from 4D full volume data set enabling volumetric and strain analysis (Automated Function Assess-
ment, Echopac, GE Healthcare, Chicago, IL, USA)

Abbreviations: LAScd, longitudinal strain during conduit phase; LASct, longitudinal strain during contraction phase; LASr, longitudinal strain 
during reservoir phase; LAScd_c, circumferential strain during conduit phase; LASct_c, circumferential strain during contraction phase; LAS-
r_c, circumferential strain during reservoir phase

Table 3. Summary of left atrial strain values   obtained in the MASCOT HIT study for all subgroups: healthy individuals, patients with pressure 
overload (hypertension or aortic stenosis), and patients with left ventricular volume overload (heart failure or mitral regurgitation) [10]

Healthy volunteers LV pressure overload LV volume overload

P-wave R-wave P-wave R-wave P-wave R-wave

LAS-r, % 30.5 ± 8 33.5 ± 10.9 21.9 ± 6.8 23.0 ± 8.5 19.2 ± 7.4 18.9 ± 9.2

LAS-ct, % Not published 15 ± 5.3 Not published 13.4 ± 5.7 Not published 10 ± 5.7

Abbreviations: see Figure 1 and Table 1

Table 1. Summary of the left atrial strain reference values   obtained from the meta-analysis [33]

Mean (95% CI) Comments

LAS-r, % 39.4 (38–40.8) 40 studies (2542 subjects)

LAS-ct, % 17.4 (16–19) 18 studies (1005 subjects)

LAS-cd, % 23 (20.7–25.2) 14 studies (805 subjects)

Abbreviations: LAS-cd, left atrial strain — phase of conduit; LAS-ct, left atrial strain — phase of contraction; LAS-r, left atrial strain — phase of reservoir

Table 2. Reference values defi ned in the NORRE study for the individual components of left atrial deformation (lower limit of normal) and the 
stiff ness index (upper limit of normal) [11]48.7%, and 41.4% for left atrial strain (LAS

Age range 20–40 years 
(n = 137)

40–60 years 
(n =  173)

>60 years 
(n = 61)

LAS-r, % ≥31.1 ≥27.7 ≥22.7

LAS-ct, % ≥7.2 ≥9.3 ≥7.7

LAS-cd, % ≥16.2 ≥12 ≥11.5

LA stiff ness index ≤0.22 ≤0.42 ≤0.55

Abbreviations: LA stiff ness index — ratio of E/E’ to LAS-r (dimensionless parameter). Other — see Figure 1 and Table 1

characteristics aff ecting the atria with the possibility of 
clinically signifi cant manifestation [34]. LAS can be easily 
implemented to identify abnormalities in LA function 
corresponding to atrial fi brosis. Furthermore, STE detects 
LA dysfunction before anatomical changes occur [4, 

35]. However, it should be emphasized that atrial car-
diomyopathy is currently a pathophysiological concept 
rather than a clinical unit with specifi c diagnostic criteria 
and treatment rules, and further research is needed in 
this fi eld.
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ATRIAL FIBRILLATION
AF is a factor contributing to the development of atrial 
cardiomyopathy and its manifestation, which may explain 
the weak temporal relationship between episodes of AF 
and embolic stroke [36].

LAS both in the reservoir (optimal cut-off  value LAS-r 
≤19%) and contractile phase (LAS-ct ≤8.7%) enables the 
identifi cation of patients with a history of AF in the popu-
lation with hypertension [37].

Abnormal LAS is a proven predictor of AF occurrence, 
especially in patients after cryptogenic stroke [38, 39]. 
Recently, Kawakami et al. proposed an innovative ap-
proach, analyzing whether the assessment of LA strain 
brings additional benefi ts against well-established LV 
strain analysis. Based on the obtained results, the au-
thors proposed an algorithm in which a patient with 
an increased 5-years risk of AF and normal LA volume 
should at fi rst have LAS-ct assessed while in the case of 
increased LA volume, LV global longitudinal strain should 
be evaluated fi rst [40].

Surprisingly few studies refer to LA deformation in 
the active phase of the pump as a prognostic factor [21]. 
However, this parameter assessed on the fi rst day after 
successful electrical cardioversion showed a predictive role 
in maintaining sinus rhythm during a one-year follow-up. 
The value of LAS-ct >3.4% derived from the 4-chamber 
view analysis was an optimal cut-off . LAS-r >14.6% was 
a signifi cant predictor of survival without AF recurrence 
[41]. Figure 5 shows the comparison of LA strain results 
in a patient without a history of AF and a patient with AF, 
before and after successful electrical cardioversion.

A LAS-r ≤10, 75% had a sensitivity of 85% and a spec-
ifi city of 99% in predicting 6-months AF recurrence after 
electrical cardioversion carried out due to persistent and 
long-lasting persistent AF and was an independent marker 
in multivariate analysis [42].

Impaired LA function favors the formation of thrombi, 
especially in the LA appendage. Intra-atrial thrombus was 
related to LA dysfunction assessed during AF with the best 
discriminating power by a LAS dispersion >22% (sensitivity: 

Figure 5. Left atrial strain and strain rate assessment in a patient without atrial fi brillation history (left panel), and in a patient with atrial 
fi brillation before and one day after successful electrical cardioversion (middle and right panels respectively)
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45% and specifi city: 89%) and LAS-r ≤11% (sensitivity: 74%, 
specificity: 65%) [27]. Moreover, both parameters were 
independent factors related to the presence of thrombi, 
even after adjustment for CHA2DS2-VASc score [27, 43], and 
LAS dispersion adjusted for LV ejection fraction or LV global 
longitudinal strain [27].

Similarly, Obokata et al. reported that LAS-r assessed 
in AF improved the predictive ability of the CHA2DS2-VASc 
score in the prediction of systemic embolism and was also 
an independent prognostic factor of mortality following 
stroke. The best criterion for discriminating between patients 
with stroke and a demographically and clinically matched 
control group with AF but without an embolic event was 
LAS-r <15.4%. In this study, LA roof segments were excluded 
from the analysis [44].

HEART FAILURE
The importance of LA assessment is demonstrated by in-
cluding its enlargement as one of the diagnostic criteria in 
the current HF defi nition [45]. In addition to its prognostic 
signifi cance, LA volume is also used to assess LV diastolic 
function and the diagnosis of HF with preserved LV ejection 
fraction (HFpEF) [46, 47]. However, LA function could be 
already abnormal even if LA size is preserved. 

Patients with HFpEF had impaired LAS-r and LA passive 
and active strain rates compared to healthy controls. More-
over, HFpEF patients with LA enlargement or a history of 
AF had lower LA strain values [24]. 

Another study revealed in a group of 4312 consecutive 
patients with acute HF that LAS-r <18% identifi es individu-

als who may develop new-onset AF within 5-year follow-up, 
both in the HF with reduced ejection fraction (HFrEF) sub-
group and analyzed together HFpEF and HF with mid-range 
ejection fraction (HFmrEF) [48]. In advanced HFrEF, LAS-r 
strongly correlated with the amount of invasively analyzed 
fi brosis on LA bioptic samples (Figure 6) [49].

DIASTOLIC DYSFUNCTION
The quantifi cation of LA volume is used to support the 
diagnosis of LV diastolic function. However, macroscopic 
changes in its structure are the late manifestation of dys-
function. Left atrial strain deteriorates along with the se-
verity of diastolic dysfunction and is proposed as a helpful 
parameter to distinguish particular grades of diastolic dys-
function with good to excellent diagnostic ability. A LAS-r 
>35% allowed to diff erentiate patients with normal dias-
tolic function with an accuracy of 72%. Moreover, a LAS-r 
≤19% had the accuracy of 95% to identify patients with the 
3rd grade of diastolic dysfunction [50]. The cut-off  of LAS-r 
<20% was proposed to improve the diagnosis in case of an 
indeterminate degree of diastolic dysfunction [51].

CORONARY ARTERY DISEASE
The LA can also be aff ected by ischemic heart disease, 
mainly as a consequence of LV myocardial damage. Both 
LAS-r and LAS-ct were impaired in patients with acute 
myocardial infarction, with a circumfl ex artery identifi ed 
as a culprit lesion [52]. LAS-r assessed within 48 hours 
after primary percutaneous coronary intervention for the 
fi rst ST-segment elevation acute myocardial infarction was 

Figure 6. Left atrial strain correlates with fi brosis on atrial samples. Comparison between left atrial bioptic specimens (hematoxylin and eosin 
staining) with increasing amounts of wall myocardial fi brosis and corresponding left atrial strain curves, showing progressively reduced 
longitudinal deformation. Adapted from Lisi et al. [49]
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the independent predictor associated with a lower risk of 
adverse LV remodeling (OR, 0.77; P = 0.003; optimal cut-
off , 28.9%) and adverse clinical events (OR, 0.88; P = 0.04; 
optimal cut-off , 23.8%) during 6-month follow-up [53]. 

CARDIAC AMYLOIDOSIS
Cardiac amyloidosis, in the study by Nochioka et al., was 
associated with severe LA dysfunction. Mean LAS-r was 
signifi cantly lower in the patients with amyloidosis than in 
healthy controls (18.8 ± 11.6% vs 40.6 ± 6.2%; P <0.001). It 
should be mentioned that diff erences in LA function were 
identifi ed between amyloid subtypes with most abnormal 
LAS-r in wild-type transthyretin amyloidosis [54]. 

VALVULAR HEART DISEASE
LA functional parameters decrease in valvular heart disease 
and have prognostic signifi cance. In asymptomatic patients 
with pure mitral valve stenosis, LAS-r <17.4% showed 
a good predictive value to predict AF in 4-year follow-up 
[55]. In the study by Sugimoto et al., LA pump and reser-
voir function were impaired in patients with primary and 
secondary mitral regurgitation. The subgroup with primary, 
but not secondary, regurgitation had some exercise reserve 
in LA functional parameters, even in moderate to severe 
regurgitation. Patients with mild to moderate secondary 
mitral regurgitation had a higher stiff ness index than pa-
tients with moderate to severe primary mitral regurgitation 
during exercise. Moreover, LAS-r >16% at peak exercise 
predicted a 3-year event-free survival [56]. A reduced basal 
LAS-r could also predict mid-term adverse events, including 
AF, stroke, acute HF, and cardiovascular death, in patients 
with asymptomatic moderate mitral regurgitation, helping 
identify a subpopulation of patients with a more advanced 
stage of the disease [57].

STE analysis of LA had very good predictive value for 
the prognosis of postoperative AF in patients with aortic 
stenosis undergoing surgical replacement. The LAS-r 
<16.9% had a sensitivity of 86% and specifi city of 91% in 
predicting new-onset AF after implantation of biological 
aortic valve prosthesis [58].

ANTHRACYCLINE THERAPY 
Recently published results proved the importance of LA 
strain assessment in monitoring the cardiotoxic eff ects of 
cancer chemotherapy. STE analysis enables early diagnosis 
of cardiac dysfunction and starting treatment. Signifi cant 
reduction in LAS-r can be defi ned as a relative decrease 
of >10% or LAS-r <35%. LAS-r and LAS-cd, but not LAS-ct, 
showed a signifi cant decline in patients with breast cancer 
during doxorubicin therapy [59].

CONCLUSIONS
The LA  function assessment by STE is a relatively simple and 
robust tool allowing to disclose pathophysiological mecha-
nisms in the broad spectrum of cardiovascular disease. The 
prognostic signifi cance of LA strain has been demonstrated 

in many clinical scenarios, including the defi nition of diastol-
ic dysfunction, cardioembolic risk, and even cardiovascular 
mortality in a selected patient population. The most actual 
diagnostic application includes heart failure and atrial car-
diomyopathy (with emphasis on identifying AF episodes) 
and may infl uence clinical decision-making, refi ning the 
prediction of rhythm-control strategy success in AF.
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A B S T R A C T
Background: Transthoracic echocardiography (TTE) is the fi rst imaging modality used to assess aortic 
regurgitation (AR). However, it is not possible to provide precise quantifi cation in all patients. 

Aim: Our aim was to compare TTE and cardiovascular magnetic resonance (CMR) measurements in 
grading AR and left ventricle (LV) remodeling. 

Methods: A total of 51 consecutive patients with AR in TTE (New York Heart Association I/II, 55%/38%) 
were enrolled into the study and 49 individuals (age, 57.1 [14]; 61% males) underwent a non-contrast 
CMR (2 patients excluded) obtained on 1.5 T system (GE Optima MR450w). 

Results: The comprehensive quantitative grading with AR volume (AR vol) and regurgitant fraction (RF) 
were measurable in TTE in 24 cases and showed an association with CMR parameters (AR vol: r = 0.75; 
P <0.001 and RF: r = 0.55; P <0.01). CMR revealed larger LV end-diastolic volumes (EDV) (185.5 [61] vs 
158.4 [61] ml; P = 0.03) and a trend towards higher left ventricular ejection fraction (59% [8] vs 56% [8]; 
P = 0.08). The association of AR vol and LV EDV was stronger in CMR (r = 0.85; P <0.0001) compared to 
TTE (r = 0.6; P = 0.001). The inter-modality agreement (TTE-CMR) in AR grading was low (κ = 0.15), with 
highly concordant grading in mild AR (91%). 

Conclusions: CMR provides a comprehensive assessment of AR severity and LV remodeling with a weak 
or a moderate agreement with TTE. 

Key words: aortic regurgitation, cardiovascular magnetic resonance, echocardiography

Kardiol Pol 2021; 79, 9: 965–971

INTRODUCTION
Transthoracic echocardiography (TTE) is the main imag-
ing modality used to assess patients with chronic aortic 
regurgitation (AR). It is used for screening, grading, and 
monitoring patients with AR and mild symptoms. Current 
guidelines recommend aortic valve (AV) replacement or 
repair in patients with overt symptoms and/or severe 
left ventricle enlargement or systolic dysfunction [1]. 
The AR is usually well tolerated by most patients over 
several years and it is crucial to detect the optimal time 
to surgery and when the clinical prognosis is reduced. 
However, due to the limitations of ultrasound and the 
complex nature of AV disease, it is not possible to pro-
vide precise quantifi cation of AR and dimensions of the 

left ventricle (LV) in all patients. Therefore, our aim was 
to compare TTE and cardiovascular magnetic resonance 
(CMR) measurements in grading AR and LV remodeling 
in patients with chronic AR. 

METHODS

Study population
All the consecutive patients scheduled for routine TTE in the 
echocardiography laboratory were screened (2018–2019) 
and 51 patients were included in the study group after 
consideration of exclusion criteria. The chronic regurgita-
tion of the native aortic valve (with or without concomitant 
stenosis) was the inclusion criterion. 
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W H A T ’ S  N E W ?
First, the study showed only a weak or moderate intermodality agreement between transthoracic echocardiography (TTE) and 
cardiovascular magnetic resonance (CMR) in quantitative aortic regurgitation (AR) grading. Second, the CMR-TTE compatibility 
was higher in patients with central jets with no associations with the degree of aortic valve (AV) degeneration or the Carpentier 
classifi cation. Third, CMR provided signifi cantly larger left ventricular end-diastolic volume (LV EDV) compared to TTE, which is 
especially important in patients with AR. Fourth, there was a signifi cant association in LV EDV between the modalities, but CMR 
showed a stronger association between the quantitative AR parameters and LV EDV. The study supports better implementation 
of CMR into clinical practice, especially in patients with a moderate AR. 

The main exclusion criteria were as follows: acute 
aortic regurgitation and/or endocarditis of any native 
valve, aortic valve prosthesis, any stenosis or more than 
mild mitral regurgitation, acute coronary syndrome or 
decompensated congestive heart failure in prior 1 month, 
infectious diseases in prior 1 month, signifi cant anemia, 
and contraindications to CMR. 

This was a prospective single-center study performed 
in accordance with the principles of the Declaration of 
Helsinki and the Bioethics Committee of the Medical Uni-
versity of Silesia. All patients signed the informed consent. 
This work was supported by the research non-commercial 
grant from the Medical University of Silesia (KNW-1-
027/K/9/K).

Echocardiography
Echocardiography (TTE) was performed with a commer-
cially available 2-dimensional imaging system (General 
Electric company Vivid e9, Milwaukee, WI, USA). All the 
patients were scanned in the left lateral decubitus position 
and each of the examinations followed the EACVI/ASE 
2015 recommendations for cardiac chamber quantifi cation 
by echocardiography in adults [2]. Left ventricular ejection 
fraction (LVEF) was calculated with the biplane Simpson 
method (without an ultrasound contrast) and LV mass 
was estimated using the linear method and Cube formula 
[2]. Given the main aim of the paper, the grading of the 
AR was based on the extensive multiparametric approach 
following the 2017 ASE recommendations for noninvasive 
evaluation of native valvular regurgitation [3]. The inte-
grative AR measurements were obtained in all patients 
using qualitative, semi-quantitative (SQ) and quantitative 
(Q) parameters depending on the quality of the acoustic 
window and the type of AR itself. Each of the TTE followed 
the steps of the SQ and Q described in the guidelines [3]. 
The AR volume (AR vol) and AR regurgitant fraction (AR 
RF) were estimated using the Doppler method based on 
proximal isovelocity surface area (PISA). The fi nal severity 
of AR was a multiparametric assessment with the focus on 
Q parameters or SQ, if PISA method was not measurable 
(acoustic window, asymmetric jet, multiple jets). The fol-
lowing quantitative criteria for the AR severity were used: 
severe (AR vol ≥60 ml; RF ≥50%; ERO ≥0.3 cm²), moderate 
(AR vol = 30–59 ml; RF = 30%–49%; ERO = 0.1–0.29 cm²) and 

mild (AR vol <30 ml; RF <30%; ERO <0.1 cm²) [3]. The degree 
of AV calcifi cations was based on the subjective assessment, 
where „0” was for elastic leafl ets with no calcifi cations and 
„3” was for hyperechogenic severe calcifi cations. The angle 
of AR was assessed manually by the single observer as the 
angle between the axis of the aortic root and the axis of 
the jet in the parasternal long-axis view. The AR jet angle 
0 was central and the more asymmetric jet (in either of the 
sides) the larger the AR angle. 

All the TTE images were obtained, stored anonymously, 
and then analyzed offl  ine by a single observer (MB) blinded 
to patient clinical characteristics and CMR results. 

Cardiovascular magnetic resonance imaging
The CMR images were acquired on 1.5T system (GE Optima 
MR450w, GE Healthcare, Wisconsin, WI, USA) with a ded-
icated phased-array cardiac coil. The study CMR protocol 
included a non-contrast examination with a multi-planar 
cine steady-state free precession (SSFP) acquisitions and 
fl ow visualization using phase-contrast (PC) fl ow imaging. 
Cardiac chambers volumes and functions were analyzed 
by SSFP in several planes, including 2-chamber, 4-chamber, 
orthogonal LV outfl ow track, and parallel short-axis planes 
covering both atria and ventricles. The typical scan param-
eters used were TE/TR (time to echo/time of repetition) 
1.9/4.3 ms, slice thickness 4–8 mm (no interslice gap), and 
temporal resolution 30–40 ms. The SSFP planes for the 
aortic valve complex and ascending aorta were placed 
perpendicular to the aortic root. The through-plane PC 
fl ow imaging was obtained at the slices perpendicular to 
the axis of fl ow with the positions just above the valve and 
velocity encoding maximum values set at 200 cm/s. The PC 
imaging was repeated, and the position of the slice and 
maximum velocity values were modifi ed to avoid aliasing or 
artifacts [4]. The severity of AR was based on AR vol and AR 
RF obtained in PC imaging and volumetric data calculated 
from cine images and manual endocardial tracings. The 
CMR grades of AR were defi ned according to the 2017 ASE 
guidelines and the criteria for AR vol and RF were similar 
as described above for echocardiography [3]. 

Statistical analysis 
The results presented in the manuscript are expressed as 
means (standard deviation [SD]) for normally distributed 



967

Maciej Haberka et al., Aortic regurgitation in cardiac magnetic resonance

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

variables or medians (interquartile range [IQR]) for abnor-
mal distribution. In the case of descriptive data, a number 
(percentage) was used. The distribution was tested for 
normality with the Kolmogorov-Smirnov test. Baseline 
clinical parameters and the measures were compared 
between the subgroups using the t-tests for the normally 
distributed continuous variable (Student’s t-test); in case 
of abnormal distribution, the Mann-Whitney U test was 
used. Associations between parameters were assessed 
using Pearson correlation analysis (parametric variables). 
The Bland-Altman analysis was performed to measure the 
agreement between the main parameters of CMR and 
TTE (AR vol and AR RF). Intermodality agreement for AR 
severity classifi cation was performed using κ statistics. The 
calculated kappa coefficients were graded as follows: 
0–0.2 low, 0.2–0.4 fair, 0.4–0.6 moderate, 0.6–0.8 good, and 
>0.8 excellent [5]. A value P <0.05 was considered statisti-
cally signifi cant. Statistical analysis was undertaken using 
Medcalc software (version 19.1, Osten, Belgium). 

RESULTS

Clinical characteristics 
A total of 51 consecutive patients with AR in TTE were 
enrolled into the study and fi nally 49 individuals (age: 
57.1 [14]; 61% males) completed a non-contrast CMR 
(2 excluded for CMR contraindications).

The clinical characteristics, symptoms, and baseline 
parameters of AV disease are presented in Table 1. In 
brief, the study patients revealed cardiovascular risk fac-
tors, including dyslipidemia (91%), hypertension (83%), 
obesity (16%), or diabetes (12%). Ischemic heart disease 
was found in almost half of the patients (45%), and most 
subjects showed moderate symptoms (New York Heart 
Association I or II).

Most individuals had some degree of AV calcifi cation 
(72%), which resulted in a mild (19 patients; 38%) or 
a moderate (1 patient; 2%) AV stenosis. Half of the subjects 
showed AR with eccentric jets, and multiple jets were found 
in 14% of cases.

Left ventricle remodeling
Left ventricle dimensions and systolic function were as-
sessed in both modalities. The LV end-diastolic diameters 
(EDD) and end-diastolic volumes (EDV) measured in CMR 
were larger compared to TTE: 57.4 (7) mm vs 54 (6) mm 
(P = 0.02) and 185.5 (61) ml vs 158.5 (61) ml (P = 0.03). 
However, there were no diff erences in the LV end-systolic 
diameters (35.6 [8] mm vs 35.1 [6] mm; P = 0.7), end-systolic 
volumes (ESV) (78.5 [36] ml vs 71 [33.2] ml; P = 0.3) and 
there was a trend towards higher LV ejection fractions in 
CMR compared to TTE (59 [8] % vs 56.2 [8] %; P = 0.08). De-
spite some diff erences, there were signifi cant associations 
between both modalities in LV EDV and ESV (Figures 1, 2), 
but not in LV EF. Moreover, LV mass calculated in TTE was 
overestimated compared to CMR (245 [84] g vs 152 [52] g; 
P <0.0001), but there was also an association between 
modalities (r = 0.8; P <0.0001).

Aortic regurgitation
The main SQ measures found in TTE were as follows: 
jet/LVOT ranged from 15% to 65% (31% [22–36]) and PHT 
was between 35 ms and 752 ms (404 ms [320–510]). The 
comprehensive quantitative assessment by the Doppler PISA 
method with AR vol and AR RF were measurable in TTE in 
24 cases: AR vol 38 ml (26–57 ml) and AR RF 43% (33%–57%). 

The CMR AR vol ranged from 5 ml to 92 ml (18 ml [6–39]) 
and AR RF ranged from 5% to 75% (21% [7–36]). In the 
subgroup of 24 cases, the TTE AR vol was larger compared 
to CMR AR: 38.5 ml (26–57) vs 18 ml (6–39) (P <0.01) and 
TTE AR RF was higher compared to CMR RF: 43% (33–57) 
vs 21% (7–36) (P <0.0001).

Both modalities showed signifi cant associations in AR 
vol and AR RF (Figures 3, 4). 

Both TTE and CMR provided the conclusions for AR 
grading, which were compared in all patients. The intermo-

Table 1. Clinical characteristics of the study group

Age, years, mean (SD) 57.1 (14.2)

Female/male, n (%) 19 (39) / 30 (61)

Diabetes, n (%) 6 (12)

Dyslipidemia, n (%) 45 (91)

Hypertension, n (%) 41 (83)

Smoker or ex-smoker, n (%) 7 (14)

Ischemic heart disease, n (%) 22 (45)

Prior MI, n (%) 0 (0)

Body mass index, kg/m², mean (SD) 26.4 (3.6)

Overweight/obesity, n (%) 24 (48) / 8 (16)

Body surface area, m²a, mean (SD) 1.93 (0.18)

NYHA class, n (%)

I 27 (55)

II 19 (38)

III 3 (7)

IV 0

CCS class, n (%)

0 39 (79.6)

I 1 (2)

II 6 (12.2)

III 3 (6.2)

IV 0

Aortic valve disease, n (%)

Bicuspid aortic valve 14 (28.5)

Aortic valve stenosis 20 (40)

Aortic valve calcifi cations, n (%)

0 14 (28)

1 16 (32)

2 15 (30)

3 4 (10)

Aortic valve regurgitation, n (%)

Multiple jets in echocardiography 7 (14)

Central/eccentric jet 26 (53) / 23 (47)

Jet angle, n (%)

0–30 23 (47)

31–60 16 (32)

61–90 10 (20)

Abbreviations: MI, myocardial infarction; NYHA, New York Heart Association
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Figure 1. End-diastolic volume (EDV) on transthoracic echocardiog-
raphy (TTE) and cardiovascular magnetic resonance (CMR). Pearson 
correlation

Figure 2. End-systolic volume (ESV) on transthoracic echocardiog-
raphy (TTE) and cardiovascular magnetic resonance (CMR). Pearson 
correlation

Figure 3. Aortic regurgitation volume (AR vol) on transthoracic echocardiography (TTE) and cardiovascular magnetic resonance (CMR) 
— Pearson correlation (A) and Bland-Altman plot (B)

Figure 4. Aortic regurgitation — regurgitation fraction (AR RF) on transthoracic echocardiography (TTE) and cardiovascular magnetic reso-
nance (CMR) — Pearson correlation (A) and Bland-Altman plot (B)
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dality agreement (TTE-CMR) in AR grading across a mild, 
moderate and severe AR was low (κ = 0.15, SE = 0.08; 95% 
CI, –0.006–0.309) (Table 2). Both modalities provided similar 
conclusions mostly in mild AR (91%). TTE overestimated the 
grade of AR in 51% and underestimated the AR severity in 
15% of patients (Figure 5). 

The rate of concordant AR severity between both 
modalities was signifi cantly higher in 32 patients with jet 
angle <40° compared to 17 subjects with asymmetric jet 
angle ≥40° (50% vs 35%; P <0.05). However, the degree of 
AV calcifi cation or the mechanism of AR according to the 
Carpentier classifi cation were not associated with the rate 
of concordant AR severity (P = ns).

The association of AR vol and LV EDV was stronger 
in CMR (r = 0.85; P <0.0001) compared to TTE (r = 0.6; 
P = 0.001).

Myerson et al. showed that CMR AR RF >33% or AR vol 
>42 ml have a high predictive value to identify patients who 
will develop symptoms and strong indication for surgery 
in the following years [4]. In our study group, 18 patients 
revealed at least one of the above parameters identifying 
those with worse prognoses. In this subgroup, TTE indi-

cated a signifi cant AR in 50% (severe or moderate-to-se-
vere) and underestimated AR in another 50% of subjects 
(mild-to-moderate in 45% and even mild in 5%). 

DISCUSSION
Our prospective study evaluated the incremental value of 
CMR over TTE for the assessment of patients with chronic 
AR. First, there was a moderate intermodality agreement 
between TTE and CMR in quantitative AR grading. Second, 
the CMR-TTE compatibility was higher in patients with 
central jets with no associations with the degree of AV 
degeneration or the Carpentier classifi cation. Third, CMR 
provided signifi cantly larger LV EDV compared to TTE, 
which is especially important in patients with AR. Fourth, 
there was a signifi cant association in LV EDV between the 
modalities, but CMR showed a stronger association be-
tween the quantitative AR parameters and LV EDV. 

Our results are based on the consecutive patients 
scheduled for the echocardiography lab and they are rep-
resentative for clinical practice. There were patients with 
all the degrees of native AR, diff erent AR mechanisms, and 
various severity of AV calcifi cations, including any grade of 
stenosis in 40% of cases. We found that the comprehensive 
quantitative grading by the Doppler PISA method was 
available in TTE only in half of the cases. While the PISA 
method is a major tool for mitral valve regurgitation [6], it 
is not well visualized in AR, except for signifi cant regurgita-
tions with preferably central jets, when a continuous wave 
Doppler may be used. Pirat et al. showed that regurgitant 
volumes in the 2D PISA method had a moderate correlation 

Table 2. Aortic regurgitation grading in transthoracic echocardio-
graphy and cardiovascular magnetic resonance

Transthoracic echocardiography Mild Moderate Severe

Mild 9 0 0

Moderate 22 9 4

Severe 1 1 3

Figure 5. Flow chart — the primary grading of aortic regurgitation on transthoracic echocardiography (number of patients in brackets) and 
the fi nal grading on cardi ovascular magnetic resonance with the rates of patients (%)

Abbreviations: AR, aortic regurgitation
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with the actual volumes in an in-vitro fl ow model for AR, 
with an accuracy dependent on the shape of the orifi ce 
[7]. The 3D PISA method would improve the accuracy 
of AR quantifi cation, but it requires high-quality images 
available in transesophageal echocardiography. The other 
TTE method for quantifi cation (the SV method) is prone 
to variability mainly due to a 3-dimensional complex and 
dynamic shape of the mitral annulus and LV outfl ow tract. 
The minor change in echocardiographic view is subject to 
a major change in diameters and estimated volumes and 
it has higher variability in measurements [4].

Our study showed that the AR vol and AR RF were sig-
nifi cantly larger in TTE compared to CMR. Given that TTE 
showed systematically lower volumes of LV, it is expected 
that AR RF would be systematically overestimated com-
pared to CMR. Moreover, AR RF obtained in TTE showed 
only a moderate association with a reference CMR, which 
suggests that it should not be used in clinical practice. The 
conclusions of both modalities obtained in all study groups 
were similar in patients with mild AR. The concordance 
among the other three grades of AR was moderate or low 
and, in general, TTE overestimated most cases. However, 
we had only 5 patients with a severe AR in TTE. Cawley et 
al. compared both modalities and they also found that TTE 
used in 31 patients (SV method) overestimated AR vol with 
no diff erences in AR RF [8]. There was also only a moderate 
association between modalities in AR volumes. Gelfand et 
al. showed a moderate agreement in fi nal AR grading in 
a small group of patients with AR [9]. Our study is one of 
the largest among few papers comparing CMR with echo-
cardiography in patients with a native AR [10]. 

Previous reports showed that the CMR AR grading 
and AR volumes revealed better predictive values for AV 
replacement (AVR) or heart failure and it showed a better 
correlation with an LV remodeling following AVR compared 
to echocardiography in a relatively small study groups 
[11, 12]. Given the cut-off s for AR vol and AR RF in CMR 
provided by Myerson et al. [4], we found that TTE would 
underestimate the clinical prognosis in half of our study 
group in a relation to the same cut-off  values. 

We have used the same cut-off  values for quantitative 
parameters (AR vol and AR RF) in both TTE and CMR, which 
were recommended in the latest guidelines [3]. There are 
various cut-off s suggested for AR grading in CMR [13, 14]. 
The evidence on the appropriate values for CMR is still very 
scarce and we are awaiting the specifi c guidelines. We used 
the CMR PC as the primary method for AR grading as it was 
shown to have lower variability compared to the CMR RV-
LV volume method [6]. Moreover, it was shown that this 
direct method of AR quantifi cation has high accuracy and 
reproducibility [15–17].

LV remodeling and systolic function are the other key 
parameters for appropriate timing of cardiac surgery [1]. 
CMR is well evidenced to provide very accurate measure-
ments of LV volumes, function, and mass [18, 19]. We found 
that CMR revealed signifi cantly larger LV EDV compared to 

TTE. It is in line with previous studies [8, 10]. All our study 
patients had preserved LV systolic function and the relative 
diff erences were small. Therefore, our number of study 
patients might not have been large enough to provide 
statistical signifi cance. Although there was an association 
between LV mass calculated in CMR and estimated in TTE, 
the linear method used in TTE led to a signifi cant overes-
timation as it was found in previous reports [8]. Finally, 
our study showed that there was a stronger association 
between the quantification of AR and LV EDV in CMR 
compared to TTE, which is a similar result to the study by 
Uretsky et al. [20]. Aortic valve-sparing surgery is a recently 
evolving novel surgical therapeutic option with prom-
ising early eff ects and long-term clinical outcomes [21, 
22]. However, it is a highly complex procedure requiring 
comprehensive imaging diagnostics and an experienced 
surgical team. Thus, CMR seems to be the best imaging 
modality for patients scheduled for AV repair. 

Study limitations
Our study group included only 5 individuals with a severe 
AR, which limits the strength of our conclusions. We do 
not have a clinical follow-up yet and we cannot relate our 
results to clinical prognosis. All the valve regurgitations 
have a physiological variability in loading conditions de-
pendent on blood pressure or heart rate, which could aff ect 
the measurements. However, it aff ects both modalities and 
our study group included only chronic AR. We did not use 
3-dimensional measurements of LV volumes, which would 
improve the compatibility in measurements between TTE 
and CMR. However, 3D TTE is measurable only in patients 
with a good acoustic window.

CONCLUSIONS
In our study, CMR provided a comprehensive assessment of 
AR severity and LV remodeling with a moderate agreement 
with TTE and a better clinical predictive value. In clinical prac-
tice, echocardiography is the most reliable in patients with 
mild or non-signifi cant AR and central jets with good condi-
tions for a PISA method quantifi cation. However, a compre-
hensive quantitative assessment by the PISA method was 
measurable in less than half of the study patients. There is 
a clear underestimation of the degree of LV remodeling in 
TTE and systematical diff erence in quantitative parameters 
of AR between CMR and TTE. It suggests the need for new 
cut-off  values in AR in both modalities. Our study supports 
also better implementation of CMR into clinical practice, 
especially in patients with a moderate AR.
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A B S T R A C T
Background:  Interleukin (IL)-18 is produced mainly in the heart and can be associated with the devel-
opment of cardiac hypertrophy that leads to cardiac dysfunction. However, the eff ects of hypoxia on 
IL-18 expression and    atrial natriuretic factor (ANF) secretion remain largely unknown.

Aim: The aim of this study was to assess the eff ect of hypoxia on IL-18 production and its role in ANF 
secretion by using an isolated perfused beating rat atrial model.

Methods: The level of ANF in the perfusates was determined by radioimmunoassay, and the protein 
levels of Src, IL-18 and its receptors (IL-18-Rα and IL-18-Rβ), Rho guanine nucleotide exchange factor 
(RhoGEF) and RhoA, activating transcription factor 3 (ATF3), T cell factor (TCF) 3 and 4, and lymphoid 
enhancer factor (LEF) 1 in atrial tissue samples were detected by Western blotting.

Results: Hypoxia signifi cantly upregulated the expression of the non-receptor tyrosine kinase Src, and 
this eff ect was blocked by  endothelin-1 receptor type A (BQ123) and type B (BQ788) antagonists. Hy-
poxia also enhanced the expression of RhoGEF and RhoA concomitantly with the upregulation of 
IL-18, IL-18-Rα and IL-18-Rβ. The hypoxia-induced RhoGEF and RhoA were abolished by Src inhibitor 
1 (SrcI), and the protein levels of IL-18 and its two receptors were also blocked by SrcI. Moreover, the 
hypoxia-induced expression levels of ATF3, TCF3, TCF4 and LEF1 were repealed by IL-18 binding protein, 
and the hypoxia-promoted secretion of ANF was also obviously attenuated by this binding protein.

Conclusions: These fi ndings imply that Src-IL-18 signaling is involved in the release of ANF in hypoxic 
beating rat atria.

Key words: atrial natriuretic factor, endothelin-1, hypoxia, interleukin-18,  non-receptor tyrosine 
kinase Src

Kardiol Pol 2021; 79, 9: 972–979

INTRODUCTION
Interleukin (IL)-18 is a proinfl ammatory cytokine that has 
been discovered from the serum of mice injected and in-
fected with endotoxin and Mycobacterium bovis bacillus 
Calmette-Guérin, respectively [1]. Accumulating evidence 
has demonstrated that endothelial cells, infi ltrated neu-
trophils, smooth muscle cells, resident macrophages, and 
cardiomyocytes can generate IL-18 in response to infection 
or injury [2, 3]. IL-18 is associated with the development 
of cardiomyocyte hypertrophy that leads to extracellular 

matrix remodeling and myocardial contractile dysfunction 
in diff erent animal models of pressure overload, acute 
myocardial infarction, and lipopolysaccharide-induced 
dysfunction [4–6]. The overexpression of IL-18 is related to 
an increased risk of developing cardiovascular diseases and 
confer a poor prognosis in these patients [3]. Additionally, 
IL-18 upregulates the protein and mRNA expression of atrial 
natriuretic peptide (ANF) concomitantly with an increase 
in the expression of GATA4 through the phosphatidylin-
ositol 3 kinase-Akt pathway [7, 8]. As a peptide hormone, 
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W H A T ’ S  N E W ?
In this study, hypoxia regulates  atrial natriuretic factor (ANF) secretion by activating the Src-interleukin-18-activating transcription 
factor 3 signaling pathway. These eff ects were controlled by hypoxia-induced endogenous endothelin-1 (ET-1) via ET receptors 
in isolated beating rat atria. The fi ndings reveal a new mechanism for the regulation of ANF secretion during hypoxia, which 
provides a new target for the treatment of myocardial ischemia/hypoxia-related diseases.

ANF is produced and released from the atrial myocytes in 
response to certain stimuli (e.g., stretch and hypoxia) [9]. 
It possesses benefi cial eff ects on cardiovascular diseases 
such as natriuresis, diuresis, vasodilation, blood pressure 
regulation [10]. ANF secretion is strongly augmented by 
hypoxia, which can regulate cellular adaptation to hypoxia, 
protect cardiomyocytes against ischemia/reperfusion inju-
ry, decrease the risk of heart failure and prevent ventricular 
remodeling after dilated cardiomyopathy [11–13]. In our 
previous work [14], we found that hypoxia could stimulate 
the secretion of ANF by regulating endogenous endothe-
lin-1 (ET-1) expression through activation of cyclooxygen-
ase 2-lipocalin-type prostaglandin D synthase–peroxisome 
proliferator-activated receptor γ signaling pathway in 
beating rat atria, but the precise mechanisms by which 
hypoxia regulates atrial ANF secretion are still unclear. 
Other studies have demonstrated that the mRNA levels 
of IL-18 and pro-IL-18 are notably upregulated in the left 
ventricular myocardium after ischemia/reperfusion in the 
mouse model [15], while the levels of IL-18 in the circula-
tion and myocardial tissue are also upregulated in heart 
failure patients [16, 17]. However, the eff ects of hypoxia 
on IL-18 expression and its role in ANF secretion remain 
largely unknown. This study aims to determine the eff ects 
and underlying mechanisms by which hypoxia regulates 
ANF secretion in beating rat atria.

METHODS

Reagents
Human and murine IL-18 binding protein (IL-18-BP) iso-
forms are active across species [18]. Thus, recombinant hu-
man IL-18-BP (100.0 ng/ml; CB99) was selected in this study 
and was purchased from Novoprotein (Shanghai, China). 
Endothelin receptor type A (ETA) antagonist BQ123 (0.3 µM; 
B150) and endothelin receptor type B (ETB) antagonist 
BQ788 (0.3 µM; B157) were supplied by Sigma-Aldrich 
(St. Louis, MO, USA). Src tyrosine kinase antagonist or Src 
inhibitor 1 (SrcI, 1.0 µM; HY-101053) and Rhosin hydrochlo-
ride (Rhosin) or Rho guanine nucleotide exchange factor 
(RhoGEF) inhibitor (10.0 µM; HY12646) were supplied by 
MedChemExpress (Monmouth Junction, NJ, USA). 

Isolation and perfusion of beating rat atria
To avoid gender interference, 129 Sprague-Dawley rats of 
diff erent sexes (62 male and 67 female; weight: 250–300 g; 
age: 18 weeks) were randomly selected to prepare the 
perfused beating rat atria. The rats were maintained under 

specifi c pathogen-free conditions at Yanbian University 
(Permit No.: SCXK [Ji] 2011–006) and fed a standard chow 
diet. All experiments were approved by the Animal Care 
and Use Committee of Yanbian University and were in 
accordance with the laboratory animal guidelines of the 
US National Institutes of Health. The perfused beating left 
atrium was isolated from each rat and prepared according 
to the previous methods [14, 19]. Transmural electrical 
fi eld stimulation (30–40 V, 0.3 ms) was operated at a fre-
quency of 1.5 Hz using a luminal electrode. To measure 
the changes in pulse pressure variation, atrial pacing was 
conducted by perfusing HEPES buff er solution into the 
atrium via a peristaltic pump (1.0 ml/min). An adequate 
amount of oxygen was supplied to the perfused atrium 
throughout the whole process. The HEPES buff er solution 
(pH 7.4) consisted of NaCl, NaHCO3, HEPES, glucose, KCl, 
CaCl2, MgCl2, and bovine serum albumin (118, 25, 10, 10, 
4.7, 2.5,1.2 mmol/l, and 0.1%, respectively).

Construction of the hypoxic atrial model
To establish a hypoxic atria model, O2 was replaced with 
N2 by substituting the standard HEPES buff er with an N2-sat-
urated HEPES buff er. The PO2 of N2 saturated perfusates was 
55 ± 2 mm Hg, indicating that the hypoxic condition has 
reached a severe level.

Determination of ANF levels
The concentrations of ANF in the perfusates were deter-
mined by the Iodine [125I] Atrial Natriuretic Factor Radio-
immunoassay Kit, according to the previous methods [14, 
19]. The inter- and intra-assay coeffi  cients of variation for 
this assay were <15% and <10%, respectively. The amounts 
of ANF secretion are presented as ng/min/g of atrial tissue 
wet weight. 

Experimental procedures
The rats  were randomly assigned to 8 groups 
(n = 6 in each group): (1) normoxia, (2) hypoxia, (3) IL-18-
BP + hypoxia, (4) BQ123 + hypoxia, (5) BQ788 + hypoxia, 
(6) BQ123 + BQ788 + hypoxia, (7) SrcI + hypoxia, and (8) 
Rhosin + hypoxia groups.

To stabilize the atrial dynamic parameters, each atrium 
was subjected to perfusion over a period of 1 hour. Fol-
lowing two 12-minutes normoxia cycles, the perfusates 
were infused with hypoxic buff er for four cycles. Samples 
were collected at 4°C every 2 minutes to measure ANF 
levels. After perfusion, the atrial tissues were immediately 
frozen and kept at −80°C. Subsequently, another set of 
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experiments was conducted to elucidate the mechanisms 
of hypoxia-regulated ANF secretion. After one normoxia 
cycle, one treatment cycle was followed by four infusion 
cycles of hypoxia  plus the treatment agent(s). The normoxia 
experiments were carried out with the infusion of normoxic 
buff er for 6 cycles.

Immunoblot analysis
Each left atrium tissue was rinsed with saline and transferred 
into RIPA buff er (Solarbio Institute of Biotechnology, Shang-
hai, China) containing 1.0 M protease inhibitor (Beyotime 
Biotechnology) and 1.0 M phosphatase inhibitor (Bestbio, 
Shanghai, China) for homogenization. Immunoblotting, 
quantitative autoradiography, and densitometric analysis 
were carried out according to the previous methods [14, 
19]. Briefl y, the equal amounts (40 µg) of protein samples 
were subjected to SDS-PAGE and subsequently transferred 
onto PVDF membranes. After blocking (5% BSA; SW3015; 
Solarbio) for 2 hours, the membranes were separately 
incubated with anti-IL-18 (1:000; bs-0529R;  Bioss, Beijing, 
China), anti- IL-18-type α receptor (IL-18-Rα;  1:500; BS9268; 
Bioworld Technology, Nanjing, China), anti- IL-18-type β 
receptor (IL-18-Rβ; 1:1000; bs-2616R; Bioss), anti-Src (1:500; 
04-889; Millipore, MA, US), anti-p115RhoGEF (1:1000; 

BS5901; Bioworld Technology), anti-RhoA (1:1000; 10749-
1-AP; Proteintech, Wuhan, China),  anti- activating transcrip-
tion factor 3 (ATF3; 1:1000; DF6660;  Affi  nity, Changzhou, 
China), anti- T cell factor (TCF) 3 (1:500; DF4573;  Affi  nity), 
anti-TCF4 (1:500; DF7622; Affi  nity), anti- lymphoid enhancer 
factor 1 (LEF1; 1:1000; DF7570; Affi  nity), or anti-β-actin an-
tibodies (1:1000; AP0060; Bioworld Technology) overnight 
at 4°C. The membranes were then washed and incubated 
again with a secondary antibody (1:3000; AP132P; Nachuan 
biotech, Changchun, China) for 1.5 hours at room temper-
ature. Visualization of the protein bands was performed 
using ECL Western blotting substrate kit (Raybiotech, At-
lanta, GA, USA) and a chemiluminescent detection system. 
Densitometric analysis of the protein blots was conducted 
using ImageJ software (NIH, Bethesda, MA, USA).

Statistical analysis
All data were normally distributed (Kolmogorov–Smirnov test) 
and presented as mean (standard error of the mean, SEM). 
IBM SPSS Statistics software ver. 19.0 (IBM Corp, Armonk, NY, 
USA) and GraphPad Prism ver. 9.1.2 software (San Diego, CA, 
USA) were employed for statistical analyses. The Student’s 
t-test was used to compare the diff erence between two 
groups (Supplementary material, Figure S1B), while  one-way 
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ANOVA followed by Dunnett’s multiple comparison ( Figures 
1B, 2B, 3B, 4B, and Supplementary material, Figure S2B).
Two-way ANOVA followed by Bonferroni post hoc test was 
used for Figure 1C, 2C, and 3C. P-value <0.05 was considered 
statistically signifi cant. The Bonferroni-corrected P-value 
thresholds were calculated as follows:  for the study of asso-
ciations between normoxia, hypoxia, and hypoxia plus the 
treatment agent (hypoxia + IL-18-BP, hypoxia + SrcI, hypox-
ia + Rhosin), a signifi cance level of α = 0.05, so the corrected 
P-value threshold was 0.05/3 = 0.0167.

RESULTS

Eff ects of hypoxia on IL-18 expression and ANF 
secretion
To explore the roles of hypoxia in regulating IL-18 ex-
pression and ANF secretion, a series of experiments were 
conducted using the isolated atrial perfusates and 
tissue of a hypoxic rat model. The results demonstrated 
that hypoxia remarkably upregulated the expression 
of IL-18 (P = 0.02 vs normoxia) and its type α ( IL-18-Rα) 
and β (IL-18-Rβ) receptors ( P = 0.03, 0.001  vs normoxia, 
respectively, Supplementary material, Figure S1A).    Cor-
rected P-values were applied to multiple comparisons of 
ANF secretion using Bonferroni posthoc analysis. Posthoc 
analysis showed that  hypoxia also signifi cant increase 

ANF secretion (P < 0.0001 vs  normoxia; Figure 1C), and the 
ANF secretion was obviously decreased by IL-18-BP, an IL-
18 antagonist (P  <0.0001 vs hypoxia; Figure 1C) , reaching 
the Bonferroni-corrected P-value threshold (<0.0167). In 
addition, the upregulated expression levels of IL-18 and 
its receptors,  IL-18-Rα and IL-18-Rβ, induced by hypoxia 
were completely suppressed by BQ123 (P = 0.03, 0.02, 
0.002 vs hypoxia) and BQ788 (P = 0.03, 0.04, 0.002 vs 
hypoxia), the ETA and ETB antagonists (Figure 1A, 1B). 
These fi ndings indicated that IL-18 altered by endoge-
nous ET-1 was involved in the release of ANF in beating 
rat hypoxic atria. 

Eff ects of hypoxia on the expression of Src and 
RhoA as well as the secretion of ANF
In accordance with the role of Src in infl ammatory actions 
and the relationship between RhoA and interleukins, we 
determined the eff ects of hypoxia on the protein levels 
of Src, RhoA, as well as the secretion of ANF. The results 
indicated that hypoxia markedly upregulated the expres-
sion of Src (P = 0.002 vs normoxia; Figure 1A, 1B), but such 
upregulation was entirely abolished by BQ123 (P = 0.01 vs 
hypoxia) and BQ788  (P = 0.02  vs hypoxia; Figure 1A, 1B). 
Hypoxia was also noticeably upregulated the expression 
of p115RhoGEF (P = 0.01 vs normoxia; Figure 1A, 1B) and 
RhoA  (P = 0.005 vs normoxia; Figure 2A, 2B). However, 
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the hypoxia-induced expression of p115RhoGEF was 
obviously reduced by BQ123 (P = 0.02 vs hypoxia) and 
BQ788  (P = 0.01 vs hypoxia; Figure 1A, 1B). Moreover, 
a Src antagonist SrcI also  downregulated the expres-
sion of p115RhoGEF (P = 0.02 vs normoxia) and RhoA 
(P = 0.049 vs normoxia; Figure 2A, 2B). Moreover, posthoc 
analysis showed that the hypoxia-induced ANF secretion 
(P <0.0001 vs normoxia; Figure 2C, 3C) was remarkably 
decreased by SrcI  (P <0.0001 vs hypoxia; Figure 2C) and 
Rhosin, a RhoGEF inhibitor (P <0.0001 vs hypoxia;  Figure 3C), 
reaching the Bonferroni-corrected P-value threshold 
(<0.0167). These results demonstrated that Src induced 
by hypoxia-induced ET-1 could regulate the expression 
of RhoA through p115RhoGEF activation and mediate the 
hypoxia-induced release of ANF.

Eff ects of RhoA on hypoxia-induced 
expression of IL-18
To elucidate the role of RhoA in modulating the hypox-
ia-induced expression of IL-18 and its receptors, a series 
of experiments were performed using Rhosin. The hypox-
ia-induced upregulation of IL-18 ( P = 0.0002 vs normoxia) 
and its receptors (IL-18-Rα and IL-18-Rβ, P = 0.004, 0.007 vs 

normoxia) were utterly blocked by Rhosin (P = 0.002, 0.03, 
0.02 vs hypoxia, respectively; Figure 3A, 3B). These fi nd-
ings showed that  RhoA controlled by Src could regulate 
the protein levels of IL-18, IL-18-Rα, and IL-18-Rβ under 
hypoxic conditions.

Eff ects of IL-18 on hypoxia-induced 
expression of TCF/LEF
To understand the mechanisms by which IL-18 mediates 
hypoxia-induced ANF secretion, the effect of IL-18 on 
TCF/LEF expression was determined using IL-18-BP. The 
results demonstrated that hypoxia markedly increased 
the protein levels of ATF3, TCF3, TCF4, and LEF1 (P = 0.01, 
0.001, 0.03, 0.005 vs normoxia, respectively; Figure 4A and 
4B), but such upregulation patterns were entirely abo-
lished by BQ123 (P = 0.04, 0.03, 0.04, 0.02 vs hypoxia) and 
BQ788 (P = 0.02, 0.02, 0.03, 0.02 vs hypoxia; Supplementary 
material, Figure S1A, S1B). IL-18-BP also dramatically sup-
pressed the hypoxia-induced expression of ATF3  (P = 0.048 vs 
hypoxia), TCF3  (P <0.001 vs hypoxia), TCF4 (P = 0.04 vs hy-
poxia) and LEF1 ( P = 0.04 vs hypoxia; Figure 4A, 4B). These 
fi ndings revealed that IL-18 could regulate the expression of 
ATF3, TCF3/LEF1, and TCF4/LEF1 in hypoxic beating rat atria.
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DISCUSSION
This study revealed that hypoxia upregulated the expres-
sion of non-receptor tyrosine kinase Src, which obviously 
increased the expression of IL-18 and its two receptors 
through activation of RhoA signaling. The increase in 
IL-18 subsequently upregulated the expression of ATF3, 
TCF3/LEF1, and TCF4/LEF1, which ultimately regulated hy-
poxia-induced ANF secretion. These eff ects were controlled 
by hypoxia-stimulated ET-1 expression via ET receptors in 
the isolated beating rat atria (Figure 4C).

Src, a non-receptor tyrosine kinase, is activated by 
hypoxia and plays a crucial role in triggering intracellular 
signaling cascades in cardiac myocytes. Additionally, Src 
is also involved in the processes of cardiovascular disor-
ders induced by ET-1 [20]. Our results demonstrated that 
hypoxia remarkably upregulated the expression of Src 
concomitantly with a potent promotion of ANF secretion, 
while the expression of Src was completely abolished by 
ET receptor antagonists (BQ123 and BQ788). Moreover, 
hypoxia-induced ANF secretion was obviously attenuated 
by SrcI. These data indicated that Src controlled by ET-1 was 
involved in the atrial secretion of ANF under hypoxic con-
ditions. These results were similar to the previous studies 
mentioned above and supported a previous study in which 
the increased Src activity in response to ET-1 treatment 
was involved in ET-dependent pathway activation of ANF 
promoter in cardiomyocytes [21].

Rho-kinase is an important downstream eff ector of 
RhoA and its activity often requires prior activation of 
RhoGEFs and subsequently enabling the activation of RhoA 
[22]. RhoA/Rho-kinase pathway plays a vital role in diverse 
cellular functions, while its excessive activity is involved in 
the development of cardiovascular diseases [23]. Results 
of this study further showed that p115RhoGEF and RhoA 
were markedly upregulated by hypoxia concomitantly with 
increased expression of IL-18 and its two receptors. Interest-
ingly, the hypoxia-induced expression of p115RhoGEF was 
completely blocked by BQ123, BQ788, and SrcI, whereas 
Rhosin, an antagonist of RhoGEF, was entirely suppressed 
the expression of IL-18 and its two receptors. These re-
sults imply that Src controlled by endogenous ET-1 via its 
both antagonists could upregulate the protein levels of 
IL-18 and its receptors through activation of RhoA, which 
support a previous study showing that hypoxia- or G-pro-
tein-coupled receptor-induced ROS-dependent activation 
of Src led to the overexpression of RhoA via p115RhoGEF 
in rat intrapulmonary artery [24]. Moreover, our fi ndings 
are also consistent with a previous report indicating that 
aldosterone-induced ET-1 upregulated the expression of 
IL-18 through activation of Rho-kinase via ETA in cultured 
rat neonatal cardiomyocytes [25]. However, the eff ect of 
ETB on IL-18 expression in this study is controversial with 
the earlier mentioned reports. This may be, at least in part, 
explained by the diff erences in experimental design, sub-
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jects and conditions. However, evidence has implicated the 
potential role of EdnrB (ETB gene) in cardiovascular func-
tion, where this gene could be targeted by pharmacological 
agents under hypoxic conditions [26]. Additionally, EdnrB−/+ 
heterozygote mice could tolerate diff erent levels of hypoxia 
by stabilizing cardiac function and maintaining cardiac 
energy balance [27]. Data from this study also showed 
that an antagonist of ETB abolished the hypoxia-induced 
expression of IL-18, IL-18-Rα, and IL-18-Rβ, suggesting 
that it might be benefi cial to alleviate infl ammation and 
improve atrial tolerance to hypoxia. 

TCF/LEF proteins act as the major downstream eff ectors 
of Wnt signaling and can be activated by ATF3, an adap-
tive-response gene in ATF/cyclic adenosine monophos-
phate responsive element-binding protein subfamily 
[28]. It has been shown that TCF/LEF1 binds directly to the 
ANF promoter via its binding site, thereby regulating ANF 
transcription in phenylephrine-induced hypertrophic rat 
cardiomyocytes [29]. Similarly, this study also confi rmed 
that hypoxia dramatically increased the protein levels of 
ATF3 and TCF3/LEF1 as well as TCF4/LEF1, and such ex-
pression patterns were completely blocked by BQ123 and 
BQ788 concomitantly with an obvious attenuation of 
ANF secretion. Besides, IL-18-BP mimicked the eff ects of 
ET receptor antagonists on the expression of these tran-
scription factors and hypoxia-induced secretion of ANF. 
Therefore, this study suggests that IL-18 regulated by ET-
1-Src is involved in the atrial secretion of ANF in hypoxia 
beating rat atria through ATF3 as well as TCF3/LEF1 and 
TCF4/LEF1 signaling.

In summary, the increased expression of Src con-
trolled by hypoxia-induced endogenous ET-1 could lead 
to the upregulated expression of IL-18 and its receptors 
through activation of RhoA, which ultimately regulate the 
atrial secretion of ANF via ATF3 as well as TCF3/LEF1 and 
TCF4/LEF1 signaling in hypoxic beating rat atria. The in-
crease in ANF secretion during hypoxia might be one of the 
mechanisms for the inhibition of ET-1 and its downstream 
IL-18 signaling and exert a benefi cial action on cardiovas-
cular health.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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A B S T R A C T
Background: Electrocardiogram (ECG) abnormalities increase the likelihood of heart failure (HF) but 
have low specifi city and their occurrence is multifactorial. 

Aim: This study aimed to investigate the prevalence and association of major ECG abnormalities with 
clinical characteristics and outcomes in a large cohort of real-life HF patients enrolled in HF Registries 
(Pilot and Long-Term) of the European Society of Cardiology.

Methods: Standard 12-lead ECG containing at least one of the following simple parameters was con-
sidered a major abnormality: abnormal rhythm; >100 bpm; QRS ≥120 ms; QTc ≥450 ms; pathological 
Q-wave; left ventricle hypertrophy; left bundle branch block. A Cox proportional hazards regression 
model was used to identify predictors of the primary (all-cause death) and secondary (all-cause death 
or hospitalization for worsening HF) endpoints. 

Results: Patients with abnormal ECG (1222/1460; 83.7%) were older, more frequently were male and had 
HF with reduced ejection fraction, valvular heart disease, comorbidities, higher New York Heart Association 
class, or higher concentrations of natriuretic peptides as compared to those with normal ECG. In a one-year 
follow-up, the primary and secondary endpoints occurred more frequently in patients with abnormal 
ECG compared to normal ECG (13.8% vs 8.4%; P = 0.021 and 33.0% vs 24.7%; P = 0.016; respectively). 
Abnormal rhythm, tachycardia, QRS ≥120 ms, and QTc ≥450 ms were signifi cant in univariable (both 
endpoints) analyses but only tachycardia remained an independent predictor of the primary endpoint. 

Conclusions: HF patients with major ECG abnormalities were characterized by worse clinical status and 
one-year outcomes. Only tachycardia was an independent predictor of all-cause death.

Key words: tachycardia, electrocardiogram, QRS duration, left bundle branch block, heart rhythm 
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INTRODUCTION
According to the heart failure (HF) guidelines of the Eu-
ropean Society of Cardiology (ESC), an electrocardiogram 
(ECG) is the basic examination that should be performed 

routinely in patients with suspected or known HF [1]. ECG 
abnormalities increase the likelihood of HF (89% sensitivity) 
but have low specifi city [1]. The presence of ECG abnormal-
ities, especially in patients with HF, may depend on many 
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factors (e.g. ischemia, HF etiology, electrolyte disturbances, 
pharmacotherapy) and is often observed. ECG abnormal-
ities may be helpful in determining the HF etiology and 
making therapeutic decisions (e.g. anticoagulation in atrial 
fi brillation, pacing in bradycardia, cardiac resynchroniza-
tion therapy [CRT] when QRS complex is prolonged). Sev-
eral studies have also demonstrated that QRS duration or 
left bundle branch block (LBBB) can predict the risk of death 
in patients with chronic and decompensated HF [2–5]. Pro-
longed QTc (especially if genetically conditioned) may be 
associated with an increased risk of malignant ventricular 
arrhythmias, and ,in selected clinical situations, may be an 
indication for implantation of a cardioverter-defi brillator 
(ICD) [6]. The importance of ECG in clinical practice is 
undeniable, but particularly in the chronic setting of the 
disease, the results of this study are often overlooked. There 
is also insuffi  cient data on the prevalence and role in risk 
stratifi cation of major ECG abnormalities depending on the 
type of HF — HF with reduced (HFrEF), mid-range (HFmrEF) 
or preserved (HFpEF) ejection fraction. 

The aim of the study was to analyze the prevalence and 
association of easily measured major ECG abnormalities 
with clinical characteristics and outcomes in a large cohort 
of real-life HF patients enrolled in HF Registries (Pilot and 
Long-Term) of the ESC.

METHODS

Study design
The analysis is based on data from two HF Registries (the 
ESC-HF Pilot and the ESC-HF Long-Term) of the ESC. These 
registries were multicenter, prospective, observational 
surveys conducted in 136 (including 29 centers from 
Poland) and 211 European cardiology centers (including 
35 centers from Poland), respectively. A detailed study de-
sign was previously published [7, 8]. In short, the registries 
enrolled participants in outpatient and inpatient setting 
with chronic, worsening, or new-onset HF meeting diag-
nostic criteria for HF aged ≥18 years. There were no other 
specifi c exclusion criteria. The study protocol was approved 
by local ethics committees. All participating patients were 
provided with detailed information and signed written 
consent. The electronic Case Report Form contained data 
on past medical history, clinical characteristics, test results, 
HF management, and one-year follow-up. 

The current analysis concerns 2019 Polish patients. Full 
data on ECG recordings were available for 1611 patients, 
1460 patients had available data on the primary endpoint 
and were included in the fi nal analysis. The prevalence 
of the major ECG changes was analyzed on a standard 
resting 12-lead ECG. ECG containing at least one of the 
following parameters was considered a major abnormality: 
abnormal rhythm; tachycardia (>100 bpm); duration of 
QRS complex ≥120 ms; QTc interval ≥450 ms (Bazett cor-
rection); pathological Q-wave; left ventricle hypertrophy; 
LBBB. Patients were divided into two groups according to 
the presence of ECG abnormalities and compared with 
regard to baseline clinical characteristics, type of HF (HFrEF, 
HFmrEF, and HFpEF), and one-year outcomes. The type of 
HF was defi ned by the authors based on baseline LVEF 
measurement. The primary endpoint was all-cause death 
at one year. The secondary endpoint was a composite of 
all-cause death and hospitalization for HF worsening at one 
year (follow-up available for 1326 participants). The New 
York Heart Association (NYHA) functional class with regard 
to the presence of ECG changes at baseline and 12-month 
was also evaluated. Data regarding participants’ status 
were collected via telephone follow-up from patients or 
their close relatives. If the contact was not possible, then 
the primary endpoint was ascertained from the data of the 
Polish National Health Fund.

Additionally, we sought to determine whether major 
ECG abnormalities were independent predictors of the 
primary and secondary endpoints in the study cohort.

Statistical analysis
The results were presented as median and quartiles for con-
tinuous variables and as frequencies and percentages for 
ordinal variables. Fisher’s exact test was used for compari-
son of categorical variables and a  Mann-Whitney U test for 
continuous and ordinal variables. Cox proportional hazards 
regression models were used to identify predictors of the 
primary and secondary endpoints. All variables found to 
be statistically signifi cant in univariable analyses (p <0.05) 
were included in multivariable analyses. Kaplan-Meier sur-
vival curves were plotted for both study endpoints. A P-val-
ue below 0.05 was considered signifi cant for all tests. All 
tests were two-tailed. Statistical analyses were performed 
using SPSS software, version 22 (IBM SPSS Statistics 22, 
New York, NY, USA).

W H A T ’ S  N E W ? 
Data from the heart failure registries of the European Society of Cardiology showed that major electrocardiogram (ECG) 
abnormalities (simple ECG parameters: abnormal rhythm; >100 bpm; QRS ≥120 ms; QTc ≥450 ms; pathological Q-wave; left 
ventricular hypertrophy; left bundle branch block) were present in the majority of real-life heart failure patients. What is more, 
these major ECG abnormalities were more common in patients with reduced left ventricular ejection fraction. Assessment of 
these simple major ECG abnormalities showed association with a worse general condition and one-year outcomes. Among 
others, tachycardia was the strongest predictor of all-cause death. Results of the ECG examination should not be overlooked 
as may provide important information in risk stratifi cation. 
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RESULTS

Prevalence of ECG abnormalities
There were 1222 out of 1460 (83.7%) HF patients with major 
ECG abnormalities. The most frequent ECG abnormalities in 
the entire cohort were: prolonged QTc interval (44.4%) and 
abnormal heart rhythm (36.0%). Diff erences in the presence 
of major ECG abnormalities were observed across the HF 
types, with the most prevalent changes observed in HFrEF 
patients (Table 1).

Clinical characteristics
Patients with abnormal ECG were older (median, 67.2 vs 
66 years; P = 0.03) and more often were male (68.1% 
vs 58.8%; P = 0.007) when compared with those with 
normal ECG. They were also more likely to have lower 
left ventricular ejection fraction (median, 35% vs 45%; 
P <0.001), moderate or severe valvular heart disease, 
ischemic heart disease, a history of atrial fi brillation, and 
chronic kidney disease than the patients with normal ECG. 
The group with abnormal ECG fi ndings also had a higher 
NYHA class, higher concentrations of natriuretic peptides 
and more frequently required treatment with diuretics, 
antiarrhythmic (amiodarone and digitalis) and antico-
agulation than the patients with normal ECG. Detailed 
baseline clinical characteristics of both study groups are 
presented in Table 2.

Predictors of one-year outcomes
In a one-year follow-up the patients with abnormal ECG 
were more likely to reach the primary and secondary 
endpoints than those with normal ECG (13.8% vs 8.4%; 
P = 0.021 and 33% vs 24.7%; P = 0.016; respectively) (Table 

2). The Kaplan-Meier curves for the primary and secondary 
endpoints for both subgroups are shown in Figure 1A, B, 
respectively. 

Across the types of HF, HFrEF patients with abnormal 
ECG had worse one-year outcomes when compared with 
the HFmrEF and HFpEF groups (Table 3, Figure 1C, D).

In the total cohort, the presence of any ECG abnormality 
was a predictor of both the primary and secondary end-
points but only in the univariable analyses (Supplementary 
material, Table S1). The univariable analyses of specifi c ECG 
abnormalities revealed abnormal rhythm, tachycardia, 
QRS complex duration ≥120 ms, and QTc interval ≥450 ms 
(but not LBBB, pathological Q-wave, and left ventricular 
hypertrophy) to be predictors of both the primary and 
secondary endpoints (Supplementary material, Table S1). 
In the multivariable analysis, only tachycardia on ECG re-
mained an independent predictor of the primary endpoint 
(hazard ratio 1.75; 95% CI, 1.06–2.87; P = 0.03) but not of the 
secondary endpoint (hazard ratio 1.33; 95% CI, 0.93–1.90; 
P = 0.09) (Table 4). 

DISCUSSION
The results of this analysis provided important epidemio-
logical data on the prevalence, associated patients’ clinical 
characteristics, and relevance of basic ECG abnormalities in 
real-life HF patients. The study showed that ECG abnormal-
ities were present in the majority of HF patients but were 
observed more frequently in HFrEF patients. What is more, 
these easily measured ECG parameters refl ected patients 
in worse general condition, with multiple comorbidities, 
and were associated with poor one-year outcomes. 

A standard 12-lead ECG is an essential diagnostic tool 
in clinical cardiology and crucial for the management of 

Table 1. Prevalence of major ECG abnormalities according to types of heart failure

Variable % of the total cohort; 
number of patients

HFrEF (n = 806) HFmrEF (n = 279) HFpEF (n = 375) P-value

Abnormal ECG 83.7%; 1222 88.7%; 715 83.9%; 234 72.8%; 273 0.14a

0.003b

<0.001c

Not sinus rhythm on ECG 36%; 526 34.9%; 281 34.1%; 95 40%; 150 0.18d

Tachycardia 5.8%; 85 6%; 48 6.1%; 17 5.3%; 20 0.91d

Pathological Q-wave 28.5%; 416 33%; 266 33%; 92 15.5%; 58 1.00a

<0.001b

<0.001c

LVH 19.5%; 285 19.7%; 159 24.7%; 69 15.2%; 57 0.27a

0.009b

0.21c

LBBB 12.3%; 180 16.7%; 135 10.4%; 29 4.3%; 16 0.042a

0.01b

<0.001c

QRS complex ≥120 ms 28.1%; 410 37.3%; 301 20.1%; 56 14.1%; 53 <0.001a

0.17b

<0.001c

QTc interval ≥450 ms 44.4%; 648 50.5%; 407 35.1%; 98 38.1%; 143 <0.001a

1.00b

<0.001c

aP-value for HFrEF vs HFmrEF after Bonferroni correction; bP-value for HFmrEF vs HFpEF after Bonferroni correction; cP-value for HFrEF vs HFpEF after Bonferroni correction; 
dP-value for overall test

Abbreviations: ECG, electrocardiogram; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with 
reduced ejection fraction; LBBB, left bundle branch block; LVH, left ventricular hypertrophy
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Table 2. Baseline characteristics and one-year outcomes of patients with abnormal or normal ECG

Variable Abnormal ECG (n = 1222) Normal ECG (n = 238) P-value

Baseline characteristics

Age, years 67.2 (58.2–77.0) 66.0 (54.8–76.6) 0.04

Male 68.1%; 832 58.8%; 140 0.01

BMI, kg/m2 27.8 (25.0–31.2); [1169] 27.8 (24.5–31.8); [227] 0.81

LVEF, % 35 (25–46) 45 (30–55.8) <0.001

HFrEF 58.5%; 715 38.2%; 91 <0.001

HFmrEF 19.1%; 234 18.9%; 45 0.80

HFpEF 22.3%; 273 42.8%; 102 <0.001

Previous HF hospitalization 75.4%; 921 68.1%; 162 0.03

Coronary artery disease 56%; 684 42.4%; 101 <0.001

Prior PCI or CABG 34.2%; 417 26.1%; 62 0.01

Moderate or severe mitral regurgitation 49.7%; 572/[1150] 30.7%; 67/[218] <0.001

Moderate or severe aortic stenosis 10.2%; 90/[882] 4.0%; 6/[151] 0.01

Hypertension 63.9%; 780 63.0%; 150 0.75

History of atrial fi brillation 46.5%; 568 21.1%; 50 <0.001

Peripheral artery disease 11.9%; 145 8.8%; 21 0.24

Diabetes 33.6%; 411 27.7%; 66 0.20

Chronic kidney disease 19.1%; 233 13.4%; 32 0.07

COPD 18.3%; 223 15.5%; 37 0.44

Prior stroke or TIA 12.0%; 146 10.1%; 24 0.73

CHA2DS2-VASc score 4 (3–5) 4 (2–5) 0.11

Current malignant disease 3.7%; 45 3.4%; 8 0.85

Current or former smoking 57.9%; 700 56.8%; 133 0.71

Alcohol usage 56.8%; 674 58.7 %; 135 0.59

Pacemaker 7.1%; 87 3.8%; 9 0.07

ICD 17.4%; 213 12.2%; 29 0.13

CRT 5.9%; 72 0.4%; 1 <0.001

Clinical status

Heart rate, bpm 80 (70–96) 76 (68–88.2) 0.01

SBP, mm Hg 130 (110–140) 130 (120–150) 0.003

DBP, mm Hg 80 (70–83) 80 (70–90) 0.03

NYHA class 3 (2–3); [1218] 2 (2–3); [237] <0.001

Anemia 32.4%; 298/[921] 34.6%; 56/[162] 0.29

Pleural eff usion/congestion (X-ray) 39.2%; 360/[918] 27.0%; 47/[174] 0.003

Hemoglobin, g/dl 13.4 (11.9–14.4); [1140] 13.2 (11.1–14.4); [220] 0.31

Serum creatinine, mg/dl 1.1 (0.9–1.4); [1158] 1.0 (0.8–1.3); [214] 0.001

Serum sodium, mmol/l 139 (136–141); [1157] 139 (136–141); [220] 0.92

Serum potassium, mmol/l 4.4 (4.1–4.8); [1158] 4.4 (4.1–4.7); [220] 0.46

BNP, pg/ml 576 (203–1386.8); [163] 364 (155–643.5); [24] 0.01

NT-proBNP, pg/ml 3048 (1352–7024); [315] 1580 (419.5–4959.5); [55] 0.01

Pharmacotherapy

ACE-I 75.4%; 921/[1221] 75.6%; 180 0.93

ARB 10.2%; 124/[1219] 15.1%; 36 0.02

β-blocker 89.1%; 1088/[1221] 86.6%; 206 0.42

Diuretic 83.3%; 1016/[1220] 77.3%; 184 0.08

MRA 67.3%; 821/[1221] 58.6%; 139 0.01

Statins 65.9%; 805/[1221] 60.5%; 144 0.21

Oral Anticoagulant 45.4%; 554/[1221] 26.2%; 62 <0.001

Antiplatelets 60.0%; 732/[1221] 65.5%; 156 0.11

Digitalis 25.1%; 306[1221] 16.0%; 38 <0.001

Amiodarone 9.7%; 118/[1221] 5.9%; 14 0.16

Other Antiarrhythmic 6.1%; 75/[1221] 3.4%; 8 0.09

One-year outcomes

NYHA class I or II 68.2% 690/[1011] 81.0% 171/[211] <0.001
NYHA class III or IV 31.8% 321/[1011] 19% 40/[211]

Death 13.8%; 169 8.4%; 20 0.02

Death or rehospitalization 33%; 367/[1111] 24.7%; 53/[215] 0.02

Continuous variables are presented as medians and interquartile ranges (IQR);
 Available cases count in the respective variable are presented in square brackets. 
Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, brain natriuretic peptide; bpm, beats per minute; 
CABG, coronary artery bypass grafting; CHA2DS2VASc score, congestive heart failure, hypertension, age >75 years, diabetes mellitus, history of stroke or thromboembolism, vascular 
disease, age 65 to 74 years, female sex; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; DBP, diastolic blood pressure; HF, heart failure; ICD, 
implantable cardioverter-defi brillator; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-brain natriuretic peptide;
NYHA, New York Heart Association; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; TIA, transient ischemic attack. Other — see Table 1
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Table 3. One-year outcomes of patients with abnormal or normal electrocardiogram regarding to the type pf heart failure

Type of HF Abnormal ECG Normal ECG P-value

NYHA class

HFrEF 3 (2–4); n = 719 2 (2–3); n = 91 <0.001

HFmrEF 3 (2–3); n = 234 3 (2–3); n = 45 <0.001

HFpEF 3 (2–3); n = 273 3 (2–3); n = 102 0.20

Death

HFrEF 15.6%; 112/715 6.5%; 6/91 0.01

HFmrEF 8.1%; 19/234 6.6%; 3/45 1.00

HFpEF 13.9%; 38/273 10.7%; 11/102 0.49

Death or rehospitalization

HFrEF 36.9%; 239/648 29.6%; 24/81 0.22

HFmrEF 24.8%; 51/206 26.8%; 11/41 0.84

HFpEF 30%; 77/257 19.4%; 18/93 0.06

Abbreviations: see Table 1 and 2

patients with most cardiovascular conditions, including 
patients with HF. The advantages of ECG are simplicity 
of implementation, non-invasive nature, low cost, and 
wide availability. ECG is routinely performed in most HF 

patients, but frequently not enough attention is paid 
to its results. A normal ECG is infrequently observed in 
patients with suspected HF but it has a low specifi city [9]. 
Analysis of EuroHeart Failure survey data showed that ECG 

Figure 1. A. Kaplan-Meier curves for the primary endpoint of patients with abnormal or normal ECG. B. Kaplan-Meier curves for the secondary 
endpoint of patients with abnormal or normal ECG. C. Kaplan-Meier curves for the primary endpoint of patients with abnormal ECG regarding to 
the type of heart failure. D. Kaplan-Meier curves for the secondary endpoint of patients with abnormal ECG regarding to the type of heart failure

Abbreviations: see Table 1 and 2

A B

C D
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abnormalities (including ventricular rate, PR, QRS and QTc 
intervals, left ventriclar hypertrophy, pathological Q-wave, 
ST‐T‐wave abnormalities, and interventricular conduction 
abnormalities) were observed in more than 98% of HF 
patients [9]. In our study, we focused on the predefi ned 
major ECG parameters, which can be assumed as being in 
line with the previous observations.

All of the ECG abnormalities (except abnormal heart 
rhythm and tachycardia) were more prevalent in HFrEF 
patients when compared with patients with HFmrEF and 
HFpEF. Although it is known that heart rhythm abnormal-
ities (especially atrial fi brillation) are frequently present in 
patients with HFpEF [1, 10], the presence of ECG abnor-
malities was more commonly associated with a history 
of advanced heart valve disease, atrial fi brillation, chronic 
kidney disease, signs of HF decompensation (higher natriu-
retic peptides, pleural eff usion, higher NYHA class) and use 
of diuretics and anticoagulants. 

A standard resting 12-lead ECG may reveal signs of 
inherited disorders but also suggests underlying structural 
heart disease, electrolyte disturbances and may refl ect 
patients at higher risk of poor prognosis. In our study, the 
presence of at least one of the major ECG abnormalities and 
associated worse general condition at baseline translated 
into a worse prognosis in a one-year observation (higher 
rate of all-cause death, death, or HF hospitalization and 
higher NYHA class than in the patients without such ECG 

abnormalities). Among all tested major ECG abnormalities 
only tachycardia (defined as >100 bpm) was an inde-
pendent predictor of the primary endpoint but not the 
secondary endpoint. Important to note is that patients in 
the abnormal ECG group had signifi cantly higher resting 
heart rates, despite the more frequent use of antiarrhythmic 
drugs (amiodarone, digitalis) and a high rate of β-blocker 
(89.2%) administration. A higher resting heart rate in HF 
patients was proven to be associated with higher long-term 
mortality [11, 12], particularly when above 110 bpm and 
with concomitant atrial fi brillation [13, 14]. 

It can be concluded that none of the other typical ECG 
parameters except tachycardia independently infl uenced 
the prognosis of patients with HF, regardless of the type of 
HF. However, it should also be emphasized that the presence 
of ECG abnormalities was a marker of patients in a worse 
clinical condition and with a worse one-year prognosis. 

In our study, QTc prolongation was the most frequent 
abnormality (44.4% and 50.5% of the whole cohort and 
HFrEF patients, respectively) but it was not an independent 
predictor of worse outcomes. Similarly, it was previously 
presented that QTc interval was frequently prolonged in 
HF patients (70% of patients had QTc ≥440 ms) but it was 
not associated with increased long-term mortality [15].

There is evidence that both patients with reduced or 
mildly reduced left ventricular ejection fraction (35%–50%) 
and with LBBB are at higher risk of death and HF hospital-

Table 4. Multivariable analysis of predictors of the primary and secondary endpoints in heart failure patients at one-year

Variable Primary endpoint (n = 189) Secondary endpoint (n = 420)

HR 95% CI P-value HR 95% CI P-value

Age 1.03 1.02–1.05 <0.001 1.01 0.99–1.02 0.20

Male – – – 0.77 0.62–0.96 0.03

BMI 0.98 0.95-1.01 0.21 – – –

NYHA (class III or IV vs I or II) 1.91 1.50–2.43 <0.001 2.02 1.52–2.68 <0.001

CKD 1.66 1.19–2.34 0.003 1.40 1.11–1.76 0.005

COPD 1.25 0.88–1.78 0.22 1.20 0.95–1.52 0.11

Diabetes 1.37 0.98–1.93 0.07 1.26 1.03–1.55 0.04

AF history 0.88 0.59–1.31 0.53 – – –

HGB 0.97 0.89–1.05 0.46 0.96 0.91–1.01 0.09

Serum sodium 0.92 0.90–0.94 <0.001 0.96 0.94–0.98 <0.001

SBP 1.00 0.99–1.01 0.92 0.996 0.99–1.0001 0.05

B-blocker 0.47 0.31–0.70 0.001 0.70 0.52–0.93 0.01

ARB 0.52 0.26–1.02 0.06 – – –

ACE-I 0.72 0.49–1.06 0.1 0.76 0.61–0.95 0.02

Abnormal rhythm 1.08 0.72–1.63 0.70 0.98 0.80–1.22 0.88

Tachycardia (>100 bpm) 1.84 1.12–3.03 0.02 1.41 0.98–2.01 0.06

QRS ≥120 ms 1.34 0.94–1.91 0.11 1.21 0.97–1.51 0.10

QTc interval ≥450 ms 1.13 0.81–1.59 0.46 1.14 0.92–1.41 0.22

Digitalis – – – 1.03 0.82–1.30 0.80

Amiodarone 1.66 1.06–2.62 0.03 1.19 0.87–1.62 0.29

Statins 0.76 0.54–1.08 0.12 – – –

HF type

HFmrEF (reference) 1.00 1.00–1.00 1.00 1.00 1.00–1.00 1.00

HFrEF 2.04 1.21–3.44 0.01 1.27 0.95–1.71 0.10

HFpEF 1.42 0.82–2.46 0.22 0.86 0.61–1.20 0.36

Abbreviations: ACE-I, angiotensin converting enzyme inhibitor; AF, atrial fi brillation; ARB, angiotensin receptor blocker; BMI, body mass index;  bpm, beats per minute; CI, confi -
dence interval; CKD, chronic kidney disease; HGB, hemoglobin; HR, hazard ratio; SBP, systolic blood pressure. Other — see Table 1 and 2
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izations [16–18], and in selected cases, CRT might be par-
ticularly benefi cial [1]. Similarly, QRS complex prolongation 
due to right ventricular pacing was shown to be associated 
with an increase in HF hospitalization [19]. In our study, 
LBBB was observed in 12.3% of the total cohort but it was 
not a predictor of a worse prognosis. It is worth noting that 
CRT was implanted in 5.8% of patients with the ECG abnor-
malities and nobody in the normal ECG group. It should 
also be highlighted that there are no standardized LBBB 
criteria, hence the clinical trials and registries used various 
and divergent defi nitions of LBBB. As a consequence, this 
translates into diff erent observed rates of LBBB occurrence 
and associated prognosis [20].

Despite years of investigations, knowledge on the risk 
stratifi cation for sudden cardiac death (SCD) in patients 
with HF is incomplete. The primary prevention of SCD 
is based only on left ventricular ejection fraction, which 
translates into diffi  culty in choosing patients who will 
benefi t from ICD implantation, particularly among patients 
with nonischemic HF. Several ECG parameters alone or in 
combination were shown to have prognostic relevance 
(e.g. LBBB, prolonged QRS complex, prolonged QTc in-
terval) [6, 21]. However, despite certain clinical scenarios 
(CRT implantation, ICD implantation in secondary SCD 
prevention) they are used infrequently in risk stratifi cation, 
particularly in patients with chronic HF, or at high risk of HF 
decompensation. Therefore, further research on better risk 
stratifi cation in HF, including the risk of HF decompensation 
and mortality in diff erent HF subgroups, is particularly 
warranted and is currently ongoing [22–24]. This might 
be an  important strategy in guiding the HF therapy to 
reduce risk via further intensifi cation of pharmacological 
treatment or closer monitoring [25]. 

Limitations
The inclusion of real-life patients followed by cardiologists 
is an important advantage of ESCHF Pilot and ESCHFLT 
registries, but drawbacks include the partial incomplete-
ness of the data and the observational design. What is 
more, only the predefi ned ECG data in the Case Report 
Forms designed by the coordinators of the registries were 
available for analysis. The registries were not primarily fo-
cused on the ECG analysis, hence measurement errors are 
possible. There were no predefi ned defi nitions of the ECG 
parameters, including LBBB, pathological Q-wave, and left 
ventricular hypertrophy.

CONCLUSIONS
Results from a large real-world HF database of patients 
followed by cardiologists showed that ECG abnormalities 
were present in the majority of HF patients but more 
frequently in HFrEF patients. The patients with ECG abnor-
malities were characterized by a worse general condition 
and poor one-year outcomes when compared with thos 
without any abnormal ECG fi ndings. Among other ECG 

abnormalities, only tachycardia was an independent pre-
dictor of all-cause mortality. 

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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Predictors and mid-term outcomes of nosocomial infection
in ST-elevation myocardial infarction patients treated
by primary angioplasty
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A B S T R A C T
Background: Nosocomial infections (NI) are associated with high morbidity and mortality. Existing 
data on the impact of NI on patients with ST-elevation myocardial infarction (STEMI) is scarce. 

Aim: Our aim was to determine the incidence, predictors, and prognosis of NI in a contemporary 
series of STEMI patients.

Methods: 1131 consecutive STEMI patients treated by primary percutaneous coronary intervention 
from January 2008 to December 2017 were analyzed. Binary logistic regression and Cox proportional 
hazard models were used to identify predictors of NI and major adverse cardio-cerebrovascular events 
(MACCE) at 1-year follow-up, respectively.

Results: Of all patients, 126 (11.1%) were diagnosed with NI (>48 hours from admission), mostly of 
respiratory (50.8%) and urinary (39.7%) tract origin. Insulin-treated diabetics were 3-fold more likely to 
develop NI. Other independent predictors were peripheral arterial disease, intra-aortic balloon pump 
insertion, age, lower systolic blood pressure, and higher peak creatine-kinase. Only pre-infarction 
angina was negatively related to NI. Age, peripheral arterial disease, femoral approach and larger 
infarct were related to MACCE at 1-year follow-up. NI in isolation was not independently related to 
MACCE (hazard ratio [HR], 1.24; 95% confi dence interval [CI], 0.80–1.94; P = 0.34). However, we found 
a signifi cant interaction between NI and smoking (HR, 2.33; 95% CI, 1.03–5.24; Pinterc = 0.04).

Conclusion: Larger infarct size, hemodynamic instability, and co-morbidities were related to both NI 
and 1-year adverse events. Smokers who developed NI also had a higher 1-year risk of MACCE.

Key words: cross infection, myocardial infarction, outcomes, smoking ST-elevation myocardial in-
farction
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INTRODUCTION 
The advent of reperfusion therapy, namely by percutane-
ous coronary intervention (PCI), has been critical for the de-
creased mortality of patients presenting with ST-elevation 
myocardial infarction (STEMI). However, in-hospital and 
mid-term adverse outcomes range from as low as 1% to 
more than 30% [1], emphasizing the need to identify and 
treat clinical features that may negatively impact patients’ 
prognoses. In previous studies, nosocomial infections (NI) 
in STEMI patients have been related to higher mortality 
and longer hospital stay, along with higher health care 
costs [2, 3]. Mechanisms behind the adverse events of 

patients with STEMI patients complicated by NI may 
include the myocardial infarction-related infl ammatory 
state, which might predispose to the development of 
sepsis, as well as the pro-thrombotic milieu induced by 
infl ammation [4, 5]. 

Data about the incidence and impact of NI on prognosis 
following STEMI are scarce and vary according to defi nitions 
and the studied population. The reported incidence of 
infection in a recent octogenarian cohort undergoing pri-
mary PCI was nearly 30% [6], whereas another study found 
that 2.4% of STEMI patients included in a randomized trial 
developed a serious infection [2]. 
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In this study, we aimed to address the prevalence and 
predictors of NI in a series of STEMI patients treated by PCI 
in a tertiary care center and to ascertain its impact on the 
incidence of major adverse cardio-cerebrovascular events 
(MACCE) at 1-year follow-up.

METHODS 

Studied population and defi nitions
We conducted a retrospective study including consecutive 
adults (≥18 years old) with a diagnosis of STEMI treated with 
primary PCI, in a tertiary care center between January 1, 
2008 and December 31, 2017. Considering our focus on NI, 
patients with a diagnosis of overt infection at the time of 
admission or <48 hours from admission were excluded, to 
assure that all infections included developed in the hospital 
setting and were not present at the time of admission [7].

All STEMI patients entered an anonymized prospec-
tive database which included demographic, clinical, and 
procedural characteristics. Data were obtained by medical 
chart review. According to the 4th Universal Defi nition of 
Myocardial Infarction, STEMI was defi ned as typical chest 
discomfort or other ischemic symptoms, associated with 
new ST-segment elevations in two contiguous leads or 
new bundle branch blocks with ischemic repolarization 
patterns. The ST-elevation cutpoints (measured at the 
J-point) were considered as follows: in leads V2–V3 ≥2 mm 
in men ≥40 years; ≥2.5 mm in men <40 years; ≥1.5 mm in 
women regardless of age, and ≥1 mm in all the other leads 
[8]. In addition, to be included in this study, all patients 
were required to have a culprit lesion identifi ed and to have 
undergone PCI. Patients’ treatment strategy followed per 
current guidelines [9]. 

NI was defi ned as an infection diagnosed 48 hours 
after hospital admission requiring antibiotics, which re-
fl ect infection’s clinical impact with the need for specifi c 
treatment. Infection sites were grouped into the following 
main categories:  “respiratory tract infection”, “urinary tract 
infection”, “catheter-related infection” and “other”. Respira-
tory tract infection comprised both tracheobronchitis and 
pneumonia. Identifi cation of a pathogen was not manda-
tory for diagnosis but was collected whenever possible. 
Urinary tract infection was defi ned in the presence of signs 
and symptoms and >105 CFU/ml on urine culture. A cath-
eter-related infection required a positive tip culture and 

documentation of the same organism on peripheral blood. 
The “other” category included additional infection types in 
accordance with the Centers for Disease Control and Pre-
vention/National Healthcare Safety Network (CDC/NHSN) 
criteria, that did not comprise enough patients to permit 
a separate category [7].

Clinical and demographic characteristics are detailed in 
Table 1. Pre-infarct angina (PIA) was diagnosed if a patient 
had arm, jaw, or chest pain in the preceding eight days 
before the diagnosis of STEMI. Total ischemic time and 
door-to-balloon time were the time elapsed from symptom 
onset (the time when chest pain became more intense 
and sustained) and presentation to the hospital or the 
passage of the coronary guidewire, respectively. Periph-
eral arterial disease (PAD) was considered if the patient 
had peripheral claudication and established aorto-iliac or 
peripheral disease. 

Clinical follow-up was performed by record-linkage 
and ascertained by electronic records to check for the 
occurrence of a MACCE comprising death (any cause), 
a cerebrovascular accident (brain imaging was mandatory), 
new myocardial infarction in any vessel, or target lesion 
revascularization (TLR — new intervention on target lesion 
due to angina or ischemia), during the fi rst year after the 
index STEMI. Patients having any of the aforementioned 
MACCE were censored. The study was approved by the 
hospital ethics committee (2019.128[108-DEFI/112-CE]), 
and the informed consent for the studied cohort was 
waived due to the retrospective nature of the analysis. The 
database was anonymized. 

Statistical analysis
Categorical variables are expressed as absolute values and 
percentages, comparison was performed by Pearson chi-
square or Fisher exact test, as appropriate . Continuous data 
are expressed as the median and interquartile range (IQR) 
and were compared using the Mann-Whitney U test. Nor-
mality of distribution was assessed from visual inspection 
of histograms and the Shapiro-Wilk test.

 MACCE rates were plotted as Kaplan-Meier curves, and 
groups were compared using the log-rank test. 

To identify the independent predictors of NI we ran 
a stepwise multivariable logistic regression that included 
variables with a P <0.1 in the univariable analysis. Cox pro-
portional hazard models were used to identify predictors 

W H A T ’ S  N E W ?
Our study demonstrated that nosocomial infection is a relatively common complication of ST-elevation myocardial infarction, 
aff ecting more than 10% of the patients. Nosocomial infection was predicted by infarct size, hemodynamic instability, and 
co-morbidities. Pre-infarction angina was the only protective feature identifi ed. Regarding nosocomial infection’s impact at 
1-year follow-up, we concluded that it does not constitute an independent predictor of major adverse cardio-cerebrovascular 
events (MACCE). However, smokers who complicate with nosocomial infection experience a higher 1-year MACCE incidence. 
Our study indicates that a continuous eff ort to treat STEMI patients early and to limit infarct size seems to be an eff ective way 
to prevent post-reperfusion nosocomial infections.
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of MACCE during the follow-up, variables with a P <0.1 on 
univariable analyses were included in multivariable equa-
tions. The presence of possible interactions between NI 
and all the other variables was tested. Statistical analysis 
was conducted using Statistical Package for Social Sciences 
(SPSS version 25.0) and a two-tailed P <0.05 was considered 
signifi cant for all tests.

RESULTS
From January 2008 to December 2017, of the 1150 STEMI 
consecutive patients screened, 12 were excluded for pre-
senting an infection at the time of admission and 7 for de-
veloping an infection <48 hours after admission. From the 
1131 patients included in the study, 126 (11.1%) developed 
a NI, mostly of respiratory (50.8%) and urinary (39.7%) tract 
origin (Figure 1). The median time until the diagnosis of NI 
was 3 days (IQR, 2–6). 

Patients who developed a NI were older, more often 
men, non-smokers, and had more comorbidities. They 

also had lower hemoglobin, lower creatinine clearance, 
and lower systolic blood pressure on admission, as well as 
a higher Killip class during the hospital stay and a higher 
TIMI score for STEMI on arrival (Table 1). NI was also related 

Table 1. Baseline characteristics of STEMI patients

All patients
(n = 1131)

Infection
(n = 126)

No infection
(n = 1005)

P-value

Age, years, median (IQR) 62.0 (53.0–72.0) 70.0 (62.0–80.3) 61.0 (52.5–71.0) <0.001

Men, n (%) 839 (74.2) 78 (75.7) 761 (61.9) 0.001

Pre-infarction angina, n (%) 356 (31.6) 24 (19.4) 332 (33.2) 0.002

BMI, kg/m2, median (IQR) 26.0 (23.9–28.4) 26.0 (24.0–28.0) 26.0 (23.9–28.5) 0.74

Medical history

Hypertension, n (%) 626 (55.6) 81 (64.8) 545 (54.4) 0.03

Dyslipidemia, n (%) 600 (53.3) 25 (53.2) 533 (53.6) 0.94

Peripheral arterial disease, n (%) 100 (8.9) 25 (11.0) 75(7.5) <0.001

Smoker, n (%) 564 (50.0) 52 (41.6) 512 (51.1) 0.045

History of CABG, n (%) 15 (1.3) 2 (1.6) 13 (1.3) 0.68a

History of MI, n (%) 87 (7.8) 11 (8.9) 76 (7.6) 0.62

Diabetes mellitus <0.001

No, n (%) 847 (76.0) 79 (63.7) 768 (77.5)

Yes, without insulin, n (%) 221 (19.8) 29 (23.4) 192 (19.4)

Yes, with insulin, n (%) 47 (4.2) 16 (12.9) 31 (3.1)

Total ischemic time, hours, median (IQR) 4.0 (2.5–7.8) 4.0 (2.5–9) 4.0 (2.5–7.71) 0.76

Door-to-balloon time, hours, median (IQR) 1.3 (0.8–2.0) 1.5 (1.0–2.5) 1.3 (0.8–2.0) 0.11

Creatinine clearance, ml/min, median (IQR) 84.0 (60.1–110.0) 60.0 (42.7–85.0) 87.0 (64.0–111.4) <0.001

Hemoglobin at admission, g/dl, median (IQR) 14.2 (12.9–15.2) 13.5 (12.0–14.9) 14.30 (13.0–15.3) <0.001

Systolic pressure, mm Hg, median (IQR) 120 (103–136) 101(90–128) 120 (105–137) <0.001

Staged PCI, n (%) 205 (18.3) 14 (11.4) 191 (19.2) 0.04

Killip class <0.001

1, n (%) 845 (75.3) 53 (43.4) 792 (79.2)

2, n (%) 122 (10.9) 13 (10.7) 109 (10.9)

3, n (%) 38 (3.4) 9 (7.4) 29 (2.9)

4, n (%) 117 (10.4) 47 (38.5) 70 (7.0)

LAD, n (%) 477 (42.2) 50 (39.7) 427 (42.6) 0.54

TIMI score, median (IQR) 3 (2–5) 6 (4–8) 3 (2–5) <0.001

Peak CK, U/l, median (IQR) 1667 (904–3017) 1972 (1010– 3812) 1649 (893–2914) 0.06

Radial approach, n (%) 772 (68.6) 71 (57.3) 701 (70.0) 0.004

Glycoprotein IIb/IIIa inhibitors, n (%) 236 (21.1) 26 (26.1) 210 (21.1) 0.98

IABP insertion, n (%) 31 (2.8) 9 (7.1) 22 (2.2) 0.005a

Length of hospital stay, days, median (IQR) 6 (5–8) 12 (7–20) 6 (5–7) <0.001

aFisher’s exact test.

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; CK, creatine-kinase; IABP, intra-aortic balloon pump; IQR interquartile range; LAD, left anterior 
descending artery; MI, myocardial infarction

Figure 1. Nosocomial infection site
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to the use of an intra-aortic balloon pump (IABP), whereas 
utilization of a radial approach and staged PCI for mul-
tivessel coronary disease were more prevalent in patients 
without NI. Length of hospital stay was signifi cantly longer 
in patients with NI (median 6 vs 12 days). There were no 
other signifi cant diff erences between groups. 

Predictors of NI
Fourteen variables were eligible for multivariable analysis, as 
shown in Table 2.  Diabetic patients on insulin therapy were 
approximately 3 times more likely to develop in-hospital 
infection (odds ratio [OR], 3.40; 95% confi dence interval 
[CI], 1.53–7.56; P = 0.003), however, this association was not 
signifi cant for non-insulin treated diabetes (OR, 1.25; 95% 
CI, 0.73–2.15; P = 0.41). Other predictors of NI were PAD (OR, 
2.74; 95% CI, 1.52–4.95; P = 0.001) and the need for an IABP 
(OR, 3.09; 95% CI, 1.12–8.47; P = 0.03). NI was also statisti-
cally more prevalent in older patients (OR, 1.05 per year of 
age; 95% CI, 1.02–1.07; P <0.001), those with lower systolic 
blood pressure on admission (OR, 0.99 per mm Hg rise; 95% 
CI, 0.98–1.00, P = 0.002) and those who had a higher peak 
creatine-kinase (CK) activity (OR, 1.12 per unit rise; 95% CI, 
1.03–1.22; P = 0.01). On the contrary, PIA was negatively 
related to NI (OR, 0.56; 95% CI, 0.33–0.95; P = 0.03).

Impact of NI on outcomes
As observed on the Kaplan-Meier survival curve (Figure 2), 
in a 1-year follow-up, the occurrence of MACCE was more 

than twice as common in the NI group: 47 (37.3%) vs 
193 (14.6%), log-rank P <0.001, driven by a larger diff erence 
in the fi rst month after STEMI. The statistically signifi cant 
diff erence between patients with and without NI is consist-
ent for all composite events of MACCE, except target lesion 
revascularization (Supplementary material).

Table 3 shows the proportional hazard Cox analysis 
for predictors of MACCE at 1-year follow-up. The strongest 
MACCE predictor was PAD (hazard ratio [HR], 3.16; 95% 

Figure 2. Kaplan-Meier survival curve showing the probability of 
a STEMI patient to remain free of a MACCE event according to noso-
comial infection

Table 2. Predictors of nosocomial infection during hospitalization

Univariable Multivariable

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

Age, years 1.05 (1.03–1.07) <0.001 1.05 (1.02–1.07) <0.001

Men vs women 0.52 (0.35–0.77) 0.001 0.68 (0.41–1.13) 0.14

Pre-infarction angina (yes vs no) 0.48 (0.30–0.77) 0.002 0.56 (0.33–0.95) 0.03

BMI, kg/m2 0.98 (0.93–1.04) 0.51

Medical history (yes vs no)

Hypertension 1.54(1.05–2.27) 0.03 1.19  (0.73–1.94) 0.49

Dyslipidemia 1.01 (0.70–1.47) 0.94

PAD 3.12 (1.90–2.14) <0.001 2.74 (1.52–4.95) 0.001

Smoker 0.68 (0.47–0.99) 0.046 1.72 (0.99–3.00) 0.06

History of CABG 1.23 (0.28–5.52) 0.79

History of MI 1.19 (0.61–2.31) 0.61

Diabetes (vs no) 

Yes, without insulin 1.47 (0.93–2.31) 0.10 1.25 (0.73–2.15) 0.41

Yes, with insulin 5.02 (2.63–9.58) <0.001 3.40 (1.53–7.56) 0.003

Total ischemic time, hours 1.01 (0.99–1.03) 0.38

Door-to-balloon time, hours 1.04 (0.98–1.09) 0.25

Creatinine clearance, ml/min 0.98 (0.97–0.99) <0.001 0.99 (0.98–1.00) 0.08

Hemoglobin at admission, g/dl 0.82(0.74–0.90) <0.001 0.99 (0.86–1.13) 0.83

Systolic pressure, mm Hg 0.99(0.98–0.99) <0.001 0.99 (0.98–1.00) 0.002

Staged PCI (yes vs no) 0.54 (0.30–0.96) 0.04 0.54 (0.27–1.08) 0.08

LAD vs Non-LAD 0.89 (0.61–1.30) 0.54

Peak CK, U/l ×103 1.10 (1.02–1.18) 0.01 1.12 (1.03–1.22) 0.01

Femoral vs Radial Approach 1.74 (1.19–2.54) 0.004 1.27 (0.81–2.01) 0.30

Glikoprotein IIb/IIIa inhibitors (yes vs no) 0.99 (0.62–1.57) 0.98

IABP insertion (yes vs no) 3.42 (1.54–7.59) 0.003 3.09 (1.12–8.47) 0.03

Abbreviations: CI, confi dence interval; OR, odds ratio; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention. Other — see Table 1



992

K A R D I O L O G I A  P O L S K A ,  2 0 2 1 ;  7 9  ( 9 )

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

CI, 2.05–4.87; P <0.001). Age (HR, 1.02; 95% CI, 1.00–1.04; 
P = 0.04), lower hemoglobin concentration (HR, 0.85; 95% 
CI, 0.77–0.94; P = 0.002), lower systolic blood pressure 
on admission (HR, 0.99; 95% CI, 0.98–1.00; P = 0.003), 
a higher peak CK activity (HR, 1.11; 95% CI, 1.04–1.19; 
P = 0.002), and the utilization of a femoral approach (HR, 
1.85; 95% CI, 1.30–2.64; P = 0.001) were also found to be 
independent predictors of MACCE. NI was not found to 
be an independent predictor of MACCE (HR, 1.24; 95% 
CI, 0.80–1.94; P = 0.34).  An interaction between NI and 
smoking was identified (HR, 2.33; 95% CI, 1.03–5.24; 
Pinterc = 0.04). No more interactions were found between 
NI and other plausible variables. Furthermore, interaction 
with smoking was not signifi cant when the infection site 
was considered  (Pinterc = 0.29). As seen in Figure 3, dividing 
patients into four groups according to the presence of NI 
and smoking habits, a signifi cant diff erence between the 
incidence of MACCE at 1-year follow-up was observed 
(P <0.001), with smokers who have a NI being the most 
aff ected group (42.3%).

DISCUSSION
Our study reveals that 11.1% of STEMI patients had a NI dur-
ing the hospital stay, a prevalence lower than reported by 
some studies in mixed populations undergoing PCI (from 
16% to nearly 30%) [6, 10, 11], but higher than others (from 

2.4 to 5%) [2, 3, 12]. This may refl ect the inhomogeneous 
defi nitions of hospital-acquired infection and various indi-
cations for PCI (from stable disease to STEMI).

Consistent with most studies [6, 10, 12], pulmonary 
and urinary tract infections were the most frequent NI site. 
Even though primary PCI carries vascular invasiveness, the 
incidence of bloodstream infections was low. As expected, 
we observed a prolonged hospital stay in infected patients 
compared to the non-infected group. 

Table 3. Predictors of MACCE at 1-year follow-up

Univariable Multivariable (without interaction)

HR (95% CI) P-value HR (95% CI) P-value

Age, years 1.04 (1.03–1.05) <0.001 1.02 (1.00–1.04) 0.04

Men vs women 0.67 (0.50–0.91) 0.009 1.15 (0.76–1.73) 0.52

Pre-infarction angina (yes vs no) 0.62 (0.44–0.86) 0.005 0.83 (0.56–1.23) 0.35

BMI, kg/m2 0.98 (0.94–1.02) 0.34

Medical history (yes vs no)

Hypertension 1.82 (1.34–2.48) <0.001 1.13 (0.76–1.68) 0.54

Dyslipidemia 0.82 (0.62–1.09) 0.17

PAD 4.46 (3.23–6.15) <0.001 3.16 (2.05–4.87) <0.001

Smoker 0.55 (0.41–0.74) <0.001 1.01 (0.65–1.56) 0.98

History of CABG 1.66 (0.62–4.46) 0.32

History of MI 1.72 (1.11–2.66) 0.02 1.20 (0.69–2.07) 0.52

Diabetes (vs no) 

Yes, without insulin 1.36 (0.96–1.92) 0.09 1.16 (0.76–1.77) 0.49

Yes, with insulin 3.21 (1.98–5.20) <0.001 1.23 (0.63–2.40) 0.54

Total ischemic time, hours 1.02 (1.01–1.03) 0.008 1.01 (0.99–1.04) 0.81

Door-to-balloon time, hours 1.04 (1.00–1.08) 0.07 1.03 (0.97–1.07) 0.32

Creatinine clearance, ml/min 0.98 (0.97–0.98) <0.001 1.00 (0.99–1.00) 0.27

Hemoglobin at admission, g/dl 0.76 (0.71–0.82) <0.001 0.85 (0.77–0.94) 0.002

Systolic pressure, mm Hg 0.98 (0.97–0.99) <0.001 0.99 (0.98–1.00) 0.003

Staged PCI (yes vs no) 0.57 (0.40–0.90) 0.02 0.65 (0.38–1.10) 0.11

LAD vs Non-LAD 0.81 (0.60–1.08) 0.15

Peak CK, U/l ×103 1.08 (1.02–1.15) 0.02 1.11 (1.04–1.19) 0.002

Femoral vs radial approach 3.18 (2.39–4.24) <0.001 1.85 (1.30–2.64) 0.001

Glikoprotein IIb/IIIa inhibitors (yes vs no) 0.85 (0.59–1.23) 0.40

IABP insertion (yes vs no) 4.04 (2.38–6.86) <0.001 1.38 (0.62–3.09) 0.44

Nosocomial infection 2.73 (1.96–3.79) <0.001 1.24 (0.80–1.94) 0.34

Abbreviations: see Table 1 and 2

Figure 3. Incidence of MACCE at 1-year follow up according to the 
presence of nosocomial infection (NI) or smoking habits
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Age, diabetes on insulin therapy, PAD, insertion of an 
IABP, low blood pressure, and high peak CK were identifi ed 
as factors that favor infection. This comes as no surprise, 
since it may refl ect patients with larger infarcts, requiring 
more invasiveness, as well as those who are more prone to 
infections (the elderly, the diabetics, and those with estab-
lished PAD). Insulin therapy most likely works as a marker of 
diabetes progression, signaling patients with aggravated 
immune, vascular, and neurological dysfunction, rather 
than representing a direct result of prior antidiabetic ther-
apy on NI risk [13–15].

The insertion of an IABP can understandably lead to 
an increase in bacteremia, wound, respiratory, and urinary 
tract infections as these patients frequently require a pro-
longed stay in intensive care units. IABP’s complications 
have a considerable discrepancy of prevalence reported in 
the literature (0.9% to 7%) [16–19]. Also, IABP’s correlation 
to NI likely refl ects STEMI’s severity (hemodynamic insta-
bility or cardiogenic shock), rather than an eff ect of the 
IABP itself. According to previous reports, a femoral rather 
than radial approach is associated, not only with a higher 
rate of bleeding and vascular complications, but morbidity 
and mortality as well [20–22]. However, the correlation 
with NI reported in our study may likely be related to the 
operator’s preference in patients who arrive unstable to the 
catheterization laboratory, and so the reasoning behind the 
cause-and-eff ect relationship to predict infection may be 
the same as for the IABP.

PIA was a protective characteristic. It is likely related 
to the smaller infarct size caused by preconditioning 
which limits the reperfusion-injury phenomenon [23, 
24], rather than having a direct infl uence on the devel-
opment of a NI.

At 1-year follow-up, MACCE was independently as-
sociated with age, PAD, low hemoglobin concentration 
and low systolic pressure on admission, a higher peak CK 
activity, and femoral approach. Despite the unadjusted 
statistically signifi cant diff erence in MACCE’s incidence 
between patients with and without infection, it was not an 
independent predictor of these events on multivariate Cox 
model analysis. This is probably explained by the overlap 
of risk factors for infection and MACCE, namely age, PAD, 
and larger infarctions. This signals that features that favor 
infection are similar to those favoring adverse events, un-
dermining a cause-and-eff ect relationship.  Nevertheless, 
NI could function as a marker of frailty, helping physicians 
identify STEMI patients who are more prone to deteriorate 
clinically and might benefi t from close surveillance.

Our analysis also showed a significant interaction 
between infection and smoking, seemingly not related 
to the infection site (namely, respiratory or urinary). Since 
smoking contributes both to the development of infection 
and cardiovascular disease in the long term [25, 26], and 
mortality from infection was also reported to be higher in 
smokers [27], this signals a tendency for a synergic eff ect 
between infection and smoking on MACCE. However, it is 

also reasonable to speculate that a nosocomial infection 
is more a sign of an underlying lung dysfunction then 
aggravated by heart insuffi  ciency translated in mid-term 
events, than a causal risk factor per se. 

Notwithstanding our fi ndings, some series had shown 
that infection was signifi cantly associated with a 30 or 
90-day mortality. These cohorts only addressed “serious” 
infections and only captured short-term follow-up [2, 
3]. On the other hand, another series reported that only 
pneumonia, and not infection in other sites, was associat-
ed with an increased risk of adverse events for an elderly 
population who underwent PCI irrespective of the indica-
tion [6].  Hence, the association between smoking habits 
and NI could be related to respiratory tract infections and 
might not be the same for urinary tract infections. We 
believe this is a hypothesis that should be addressed in 
future studies.

Limitations
The 48 hour cutpoint used for the defi nition of nosocomial 
infection is debatable, however, it is widely accepted and 
utilized in the literature. A major limitation of our study is 
the relationship between common risk factors to predict 
adverse events and the risk of a NI. The relative impact of 
NI in follow-up is, therefore, diffi  cult to fi lter, despite the 
confounding variables incorporated in the multivariate 
equation and interaction analysis. Another limitation is 
the well-known limitation of a retrospective analysis, with 
its inherent bias to assume a cause-and-eff ect relationship 
between NI and outcomes. Lastly, being a single-center 
cohort study, the results may not be representative of all 
patients with STEMI undergoing PCI.

CONCLUSION
Our study determined that NI is a relatively common 
complication of STEMI (11.1%), with most risk factors that 
predict NI also being related to mid-term adverse events. NI 
does not constitute an independent predictor of MACCE, 
however, its occurrence during the fi rst year was more than 
two times higher in smokers who complicate with a NI. 

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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A B S T R A C T
Background: Bleeding complications after transcatheter aortic valve implantation (TAVI) negatively 
aff ect the post-procedural prognosis. Routine use of protamine sulfate (PS) to reverse unfractionated 
heparin after TAVI was never assessed in a randomized controlled trial. 

Aims: The aim of this study was to assess the impact of PS on bleeding complications after TAVI.

Methods: Between December 2016 and July 2020 311 patients qualifi ed to TAVI in one academic 
center were screened. Patients that met the inclusion criteria were randomized to either PS or normal 
saline administration at the moment of optimal valve deployment. Baseline, procedural, and follow-up 
data for up to 30 days were collected and analyzed. The primary endpoint (PE) was a composite of 
life-threatening and major bleeding according to Valve Academic Research Consortium within 48 hours 
after the procedure.

Results: Overall, 100 patients (48 males, median age 82 years) met the inclusion criteria and were in-
cluded in the study. Forty-seven subjects (47%) were randomized to PS. The primary endpoint occurred 
in 29% of the study population. Despite numerically lower rates of PE in patients randomized to PS, 
a statistical signifi cance was not reached (21% in the PS group and 36% in the placebo group; odds 
ratio [OR], 0.48; 95% confi dence intervals [CI] 0.2–1.2; P = 0.11). There were no signifi cant diff erences 
in secondary endpoints. 

Conclusions: Routine protamine sulfate administration did not signifi cantly decrease the rate of major 
and life-threatening bleeding complications after TAVI. Larger studies are required to assess the impact 
of routine PS use.

Key words: aortic, implantation, protamine, sulfate, transcatheter, valve
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INTRODUCTION
Transcatheter aortic valve implantation (TAVI) is an increas-
ingly popular treatment method for patients with severe, 
symptomatic aortic stenosis (AS). In a plethora of studies 
either a clear benefi t or non-inferiority was demonstrated 
in comparison to the gold standard — surgical aortic valve 
replacement — across almost all spectrums of AS patients 

[1]. Despite the fact, that many aspects of the antithrom-
botic treatment before and after TAVI have been studied, 
routine use of protamine sulfate (PS) to reverse the eff ect 

of the unfractionated heparin (UFH) was never included 
in those analyses. 

Based on an expert consensus [2], UFH should be ad-
ministered in every patient and should be reversed with PS 
after transapical and transfemoral TAVI except for transfem-
oral cases with minimal bleeding risk. The clinical practice, 
however, diff ers between centers [3, 4]. The impact of PS on 
bleeding and thromboembolic complications is unknown 
and reports of the pro-thrombotic eff ect of the PS have 
been published in diff erent clinical settings [5–7]. Hemor-
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W H A T ’ S  N E W ?
For the fi rst time, the impact of routine administration of protamine sulfate (PS) in patients undergoing transcatheter aortic valve 
implantation was assessed in a randomized controlled trial (RCT). In this fi rst, albeit a relatively small RCT, routine administration 
of PS did not signifi cantly decrease the rate of major and life-threatening bleedings.

rhagic complications (at least major bleedings according 
to Valve Academic Research Consortium [VARC] criteria [8]) 
increase mortality after TAVI [9] and are relatively frequent 
ranging from 4.7% up to 77% [10–12]. No randomized trials 
assessing the infl uence of PS on bleeding rates after TAVI 
have been published to date. In order to comply with the 
rule of thumb — “when in doubt, randomize” — a clinical, 
placebo-controlled trial is required in order to properly 
assess the impact of protamine sulfate administration.

METHODS

Trial design and funding
The protamine sulfate during transcatheter aortic valve 
implantation (PS TAVI) is a single-center, single-blind 
randomized placebo-controlled trial in which routine PS 
administration to reverse UFH was compared to placebo. 
The study was investigator-initiated and did not receive 
any funding from the industry. Informed consent was ob-
tained from all participating patients and the local ethics 
committee granted permission for the study (approval 
number KB/212/2016). The study protocol is available 
on ClinicalTrials.gov (NCT02974660). The study design is 
presented on Figure 1.

Patients, randomization, and procedures
The study aimed to include patients with severe, sympto-
matic aortic stenosis (aortic valve area [AVA] <1.0 cm2 or 

indexed valve area less than 0.6 cm2/m2 or mean gradient 
>40 mm Hg or maximum jet velocity >4.0 m/s or velocity 
ratio <0.25), qualifi ed by the Heart Team to a transfemoral 
TAVI with a planned application of pre-close devices such 
as Prostar® or Proglide®. The exclusion criteria were lack of 
informed consent, participation in another clinical trial, and 
known allergy to protamine sulfate.

Both mechanically- and self-expandable aortic valve 
prostheses of the second generation were used. In all 
cases, transfemoral access with at least two pre-close 
devices was applied. The procedures were performed in 
hybrid operating rooms under general anesthesia or local 
anesthesia with conscious sedation. After obtaining the 
vascular access, all patients received UFH at the dose of 
100 IU/kg with the target activated clotting time (ACT) of 
250–300 seconds.

At the moment of the optimal valve implantation, eli-
gible patients were randomly assigned using the envelope 
method to either protamine sulfate or normal saline. The 
PS was administered in a slow bolus at the dose of 1 mg 
per 100 IU of unfractionated heparin administered within 
the last 30 minutes plus 0.5 mg per 100 IU of the UFH ad-
ministered earlier. The successful reversal of heparin was 
confi rmed by ACT measurements at baseline, after UFH 
boluses, before and after PS administration.

The type and number of preclose devices was noted 
as well as potential issues with the closure, including ex-
travasation of the contrast in the fi nal femoral angiography, 

Figure 1. Study design

Abbreviation: TAVI, transcatheter aortic valve implantation;  UFH, unfractionated heparin
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device malfunction, need for balloon angioplasty, stent 
implantation, or emergent surgical cut-down.

In terms of antithrombotic treatment before and after 
TAVI, patients without indications for chronic oral anticoag-
ulation (OAC) were given loading doses of 300 mg of aspirin 
and clopidogrel within 24 hours before TAVI, and then con-
tinued 75 mg daily after the procedure. In patients requiring 
chronic OAC, the treatment was stopped 2–3 days before 
the procedure in order to obtain an international normal-
ized ratio of <2 in case of vitamin K antagonists (VKA) and 
1–2 days before the procedure depending on the renal 
function in case of non-vitamin K antagonists. After TAVI 
the oral anticoagulation was restarted as soon as deemed 
safe, with additional bridging with low-molecular-weight 
heparin in patients receiving VKA.

Endpoints and defi nitions
The primary endpoint of the study was a composite of 
life-threatening and major bleeding complications ac-
cording to VARC-2 at 48 hours after the procedure. The 
secondary endpoints were major and minor bleedings 
according to VARC-2 at 48 hours after the procedure, 
all-cause mortality at 30 days, a drop in hemoglobin 
concentration 48 hours after the procedure, the length of 
the hospitalization (the time from the index procedure to 
discharge), and thromboembolic events (stroke, transient 
ischemic attack, myocardial infraction) within 48 hours 
after the procedure. Coronary artery disease was defi ned 
as the presence of at least one lesion >70% in the epicardial 
coronary vessel >1.5 mm (>50% for left main), history of 
myocardial infarction, previous percutaneous coronary 
intervention, or coronary artery bypass grafting. Success-
ful closure of the access artery was defi ned as obtaining 
proper hemostasis with no residual bleed, without device 
malfunction or a need for prolonged balloon infl ation or 
covered stent implantation. Access-site and access-related 
vascular injury (ASARVI) was defi ned according to a mod-
ifi ed classifi cation by Sedaghat et al. [13]: type I, blush or 
minimal extravasation; type II, moderate extravasation 
(<5 mm); type III, major extravasation (>5 mm) including 
vessel perforation/rupture; and type IV, vessel dissection 
or occlusion.

Statistical analysis
Estimation was done based on the major and life-threat-
ening bleeding rates from the historic material of the 
center (28%), that 100 patients are required to have a 90% 
chance of detecting a signifi cant decrease in the primary 
outcome occurrence from 28% in the placebo group to 5% 
in the PS group. The primary analysis was performed in the 
intention-to-treat population.

Continuous variables, expressed as the median and 
interquartile range (IQR), were compared between the 
study and control groups using Mann-Whitney U-test. 
Shapiro-Wilk test was used to confi rm or reject the nor-
mal distribution of each continuous variable. Categorical 

variables, expressed as counts and percentages, were 
compared using the Chi-square test or Fisher’s exact test, 
as appropriate. 

A uni- and multivariable backward likelihood ratio 
logistic regression model was used to identify predictors of 
the primary and secondary endpoints. Variables from the 
univariate analysis (with a P value of ≤0.20 diff erence) were 
included in the multivariable analysis. Results are presented 
as odds ratio (OR) with 95% confi dence intervals (CI). 

All probability values reported are 2-sided and a val-
ue <0.05 was considered to be signifi cant. All data were 
processed using the SPSS software, version 22 (IBM SPSS 
Statistics, New York, NY, USA).

RESULTS

Population
Of the 311 consecutive patients screened between 
December 2016 and July 2020 in one academic center, 
85 (27%) underwent TAVI via an other-than-transfemoral 
or transfemoral with surgical cut-down access, 78 (25%) 
participated in other clinical trials and 48 (15%) did not 
consent to participation in the study. The study fl ow-chart 
is presented in Figure 2. Overall, one hundred patients were 
included in the study. The median age was 82 years (IQR 
77–85), there were 48 males (48%), almost 90% of patients 
had hypertension, 43% — diabetes, and approximately 
one-third (36%) was in New York Heart Association (NYHA) 
class III or IV. The median logistic EuroSCORE was 10.5 (IQR, 
8–16). All the procedures were performed via transfemoral 
access and in all cases, a pre-close system was used. De-
tailed baseline data are shown in Table 1.

Protamine sulfate administration
Forty-seven subjects (47%) were randomized to pro-
tamine sulfate and 56 patients (56%) have received PS 
(cross-over: 9%; in all cases the reason for cross-over was 
due to operators’ decision). Median PS dose was 35 mg 
or 0.5 mg per 100 IU of UFH. There were no major diff er-
ences between the PS and placebo group, except for the 
presence of moderate or severe mitral regurgitation (49% 
vs 30%, PS and placebo respectively, P = 0.07) as well as 
pre- and post-dilatation (pre-dilatation: PS — 45%, pla-
cebo — 68%, P = 0.03; post-dilation: PS — 26%, placebo 
— 46%, P = 0.04). 

Primary endpoint
The primary composite endpoint of VARC-defi ned major 
and life-threatening bleeding was observed in 29 patients 
(29% of the study population, 21% of the PS cohort, and 
36% of the control group, P = 0.13). Major bleeding oc-
curred in 19 patients (19%, 13% of those randomized to PS, 
and 25% of the control group, P = 0.2). One disabling stroke 
(1%) and 2 transient ischemic attacks (2%) were reported. 
The 30-day all-cause mortality was 5%. A detailed list of 
study endpoints is presented in Table 1.
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Figure 2. Study fl owchart

Abbreviations: PS, protamine sulfate; TF, transfemoral; TIA, transient ischemic attack; other: see Figure 1

Table 1. Baseline and procedural characteristics of the study population along with endpoint rates

Total
(n = 100)

Protamine sulfate
 (n = 47, 47%)

Placebo
 (n = 53, 53%)

P-value

Demographics

Female gender, n (%) 52 (52) 25 (53) 27 (51) 0.84

Age, years, median (IQR) 81.7 (77–85) 81.8 (77–85) 81 (75–86) 0.63

Baseline characteristics

BMI, kg/m2, median (IQR) 26.6 (23–28) 26 (23–29) 26.6 (23–28) 0.78

BSA, m2, median (IQR) 1.79 (1.7–1.9) 1.79 (1.7–1.9) 1.78 (1.7–1.9) 0.84

LogEuroSCORE, %, median (IQR) 10.5 (7.9–16.3) 10.5 (7.8–16.3) 10.4 (8–16.9) 0.75

Hypertension, n (%) 87 (87) 41 (87) 46 (87) 1

Diabetes, n (%) 43 (43) 24 (51) 19 (36) 0.16

GFR <30 ml/min, n (%) 9 (9) 4 (9) 5 (9) 1

History of bleeding, n (%) 10 (10) 6 (13) 4 (8) 0.51

Coronary artery disease, n (%) 75 (75) 37 (79) 38 (72) 0.49

Prior cardiac surgery, n (%) 12 (12) 7 (15) 5 (9) 0.54

History of stroke/TIA, n (%) 12 (12) 4 (9) 8 (15) 0.37

Atrial fi brillation, n (%) 44 (44) 20 (43) 24 (45) 0.84

COPD, n (%) 16 (16) 9 (19) 7 (13) 0.59

Prior pacemaker implantation, n (%) 24 (24) 8 (17) 16 (30) 0.16

Oral anticoagulation, n (%) 46 (46) 22 (47) 24 (45) 1

NYHA class 3-4, n (%) 36 (36) 16 (34) 20 (38) 0.84

LVEF, %, median (IQR) 58 (53–63) 60 (55–64) 58 (53–62) 0.4

LVEF <30%, n (%) 10 (10) 6 (13) 4 (8) 0.51

Mean AV pressure gradient, mm Hg, median (IQR) 42 (34.5–50) 42 (38–50) 42 (34–50) 0.81

Aortic valve area, cm2/m2, median (IQR) 0.7 (0.6–0.8) 0.7 (0.6–0.8) 0.74 (0.6–0.8) 0.17
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Total
(n = 100)

Protamine sulfate
 (n = 47, 47%)

Placebo
 (n = 53, 53%)

P-value

Moderate or severe MR, n (%) 39 (39) 23 (49) 16 (30) 0.07

Serum creatinine, mg/dl, median (IQR) 1.22 (1–1.5) 1.22 (1.0–1.5) 1.21 (1–1.5) 0.97

Hemoglobin, g/dL, median (IQR) 12.5 (11.4–13.6) 12.6 (11–13.6) 12.4 (11.5–13.6) 0.9

Procedural and post-procedural data

General anaesthesia, n (%) 5 (5) 3 (6) 2 (4) 0.66

Other than femoral access, n (%) 0 (0) 0 (0) 0 (0) 1

Self-expandable prosthesis, n (%) 92 (92) 42 (89) 50 (94) 0.47

Delivery system profi le >16 French, n (%) 54 (54) 24 (51) 30 (57) 0.69

Predilation, n (%) 57 (57) 21 (45) 36 (68) 0.03

Postdilation, n (%) 36 (36) 12 (26) 24 (46) 0.04

Closure device, n (%) 100 (100) 47 (100) 53 (100) 1

Number of closure devices >2, n (%) 16 (16) 9 (19) 7 (13) 0.59

Successful closure, n (%) 91 (91) 43 (92) 48 (91) 1

ASARVI ≥3, n (%) 6 (6) 3 (6.4) 3 (5.7) 1

Need for peripheral angioplasty, n (%) 15 (15) 7 (15) 8 (15) 1

UFH, IU 103, median (IQR) 7 (6–8) 7 (6–8) 7 (6–8) 0.83

UFH/kg, IU, median (IQR) 100 (86–117) 100 (87–117) 100 (86–117) 0.9

LVEF, %, median (IQR) 60 (52–65) 60 (55–65) 57 (51–62) 0.17

Mean AV pressure gradient, mm Hg, median (IQR) 8 (6–10) 8.5 (5.8–11) 8 (6–10) 0.72

Aortic valve area, cm2/m2, median (IQR) 1.9 (1.8–2.1) 1.9 (1.7–2) 1.9 (1.8–2.1) 0.52

Serum creatinine, mg/dl, median (IQR) 1.28 (1–1.5) 1.27 (1–1.5) 1.3 (1–1.6) 0.68

Hemoglobin, g/dL, median (IQR) 9.8 (8.8–10.9) 9.8 (8.8–11.1) 9.8 (8.8–10.8) 0.83

Protamine sulfate

Randomized to protamine, n (%) 47 (47) — — —

Received protamine, n (%) 56 (56) — — —

Protamine dose, mg, median (IQR) — 35 (25–50) — —

Protamine dose per 100 IU of UFH, mg, median (IQR) — 0.5 (0.4–0.6) — —

Endpoints

30-day all-cause mortality, n (%) 5 (5) 3 (6) 2 (4) 0.66

Life threatening bleeding, n (%) 10 (10) 4 (9) 6 (11) 0.75

Major bleeding, n (%) 19 (19) 6 (13) 13 (25) 0.20

Minor bleeding, n (%) 8 (8) 4 (9) 4 (8) 1

Need for transfusion, n (%) 26 (26) 10 (21) 16 (30) 0.37

TIA, n (%) 2 (2) 0 2 (4) 0.5

Disabling stroke, n (%) 1 (1) 0 (0) 1 (2) 1

Need for permanent pacemaker, n (%) 24 (24) 11 (23) 13 (25) 1

Moderate or severe PVL, n (%) 16 (16) 6 (13) 10 (19) 0.43

Length of stay, days, median (IQR) 8 (6–15) 7 (6–15) 9 (6–14.5) 0.25

Any bleeding, n (%) 37 (37) 14 (30) 23 (43) 0.21

Major + life threatening bleeding , n (%) 29 (29) 10 (21) 19 (36) 0.13

Major + minor bleeding, n (%) 27 (27) 10 (21) 17 (32) 0.26

Abbreviations: AR, aortic regurgitation; ASARVI, access-site or access-related vascular injury; AV, aortic valve; BMI, body mass index; BSA, body surface area; COPD, chronic 
obstructive pulmonary disease; GFR, glomerular fi ltration rate; IQR, interquartile range; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; NYHA, New York Heart 
Association; PS, protamine sulfate; TIA, transient ischemic attack; UFH, unfractionated heparin

Table 1. cont. Baseline and procedural characteristics of the study population along with endpoint rates

In a multivariable analysis of the primary endpoint 
occurrence, only serum creatinine (OR, 2.93 per 1 mg/dl 
increment; CI, 0.97–8.8; P = 0.06) has shown a trend to-
wards statistical signifi cance, while the remaining param-
eters included in the model: female gender (OR, 2.21; CI, 
0.86–5.66; P = 0.1) and randomization to protamine sulfate 
administration (OR, 0.49; CI 0.92–1.2; P = 0.13) did not reach 
signifi cance (Table 2). 

Protamine sulfate and secondary endpoints and 
the per-protocol analysis
The impact of randomization to PS on VARC-defi ned major 
bleeding (OR, 0.45; CI, 0.2–1.3; P = 0.14, Table 3), any bleed-

ing (OR, 0.55; CI 0.2–1.27; P = 0.16) as well as the remaining 
study endpoints also did not reach statistical signifi cance 
(Table 4). Results of the per-protocol analysis are presented 
in the Supplementary material, Tables S1, S2, and S3.

DISCUSSION
Despite the long-lasting presence of protamine sulfate in 
the pharmacological arsenal of peri-procedural drugs in the 
fi eld of interventional cardiology, it has never been studied 
in a randomized fashion in the setting of TAVI. Both bleed-
ing and thromboembolic complications may potentially 
arise from PS administration, with the fi rst being a result of 
potential rebound  anticoagulation due to PS short half-life 
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Table 2. Uni- and multivariable logistic regression analysis of the composite of VARC-defi ned major and life-threatening bleeding occurrence

Univariate Multivariable

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

Demographics

Female gender 1.78 (0.74–4.31) 0.2 2.21 (0.86–5.66) 0.1

Age per 1 year 0.99 (0.93–1.06) 0.83

Baseline characteristics

BMI per kg/m2 0.95 (0.84–1.07) 0.38

Hypertension 1.42 (0.36–5.59) 0.62

Diabetes 0.61 (0.25–1.49) 0.27

GFR <30 ml/min 3.49 (0.87–14.1) 0.08 1.84  (0.31–10.8) 0.5

History of bleeding 0.58 (0.12–2.9) 0.51

History of stroke/TIA 0.8 (0.2–3.17) 0.75

Oral anticoagulation 0.77 (0.32–1.84) 0.55

Serum creatinine per 1 mg/dl 2.35 (0.89–6.21) 0.09 2.93 (0.97–8.79) 0.06

Hemoglobin per 1 g/dl 1.1 (0.86–1.4) 0.45

Procedural data

General anaesthesia 1.68 (0.27–10.6) 0.58

Delivery system profi le >16 French 0.88 (0.37–2.09) 0.77

Number of closure devices >2 2.19 (0.73–6.59) 0.16 2.27 (0.68–7.5) 0.18

Successful closure 0.47 (0.12–1.91) 0.29

ASARVI ≥3 2.62 (0.5–13.8) 0.26

Need for peripheral angioplasty 0.87 (0.25–3) 0.83

UFH/kg per 1 IU 1 (0.99–1.02) 0.77

Randomized to protamine 0.48 (0.2–1.19) 0.11 0.49 (0.92–1.2) 0.13

Received protamine 0.64 (0.27–1.54) 0.32

Abbreviations: CI, confi dence intervals; OR, odds ratio; other — see Table 1

Table 3. Uni- and multivariable logistic regression analysis of VARC-defi ned major bleeding occurrence

Univariate Multivariable

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

Demographics

Female gender 1.76 (0.63–4.92) 0.28 1.77 (0.51–5.14) 0.29

Age per 1 year 2 (0.9–1.1) 0.82

Baseline characteristics

BMI per kg/m2 1.01 (0.9–1.1) 0.92

Hypertension 0.75 (0.2–3) 0.69

Diabetes 0.73 (0.26–2) 0.55

GFR <30 ml/min 2.3 (0.5–10.4) 0.26 2.6 (0.57–12) 0.22

History of bleeding

History of stroke/TIA  

Oral anticoagulation 1.1 (0.4–2.9) 0.89

Serum creatinine per 1 mg/dl 1.5 (0.6–4) 0.39

Hemoglobin per 1 g/dl 1.02 (0.8–1.4) 0.87

Procedural data

General anaesthesia 3.1 (0.5–19.8) 0.24 3.6 (0.53–24.5) 0.19

Delivery system profi le >16 French 0.55 (0.2–1.5) 0.31

Number of closure devices >2 1.5 (0.4–5.4) 0.51

Successful closure 0.8 (0.2–4.2) 0.8

ASARVI ≥3 0.84 (0.1–7.7) 0.88

Need for peripheral angioplasty 0.62 (0.1–3) 0.55

UFH/kg per 1 IU 1.01 (0.99–1.03) 0.58

Randomized to protamine 0.45 (0.2–1.3) 0.14 0.45 (0.16–1.3) 0.14

Received protamine 0.5 (0.2–1.4) 0.18

Abbreviations: see Table 1 and 2
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(7 minutes as compared to UFH’s 60–90 minutes), while the 
latter occurring due to possible rebound thrombosis after 
sudden UFH reversal [14]. In a study assessing UFH rever-
sal with PS after carotid endarterectomy, a trend towards 
thrombosis and stroke was reported [5].

To the best of our knowledge, our study reports the 
results of the fi rst-ever randomized, clinical, placebo-con-
trolled trial evaluating the impact of routine PS admin-
istration after TAVI. The trial design aimed to assess the 
impact of PS in the setting refl ecting the majority of TAVI 
procedures performed worldwide — via transfemoral 
access with a pre-close device. 

Despite a numerically lower rate of VARC-defined 
life-threatening and major hemorrhagic complications in 
patients randomized to protamine sulfate, the bleeding 
reduction did not reach statistical signifi cance. Similarly, 
there were no diff erences in terms of stroke or transient 
ischemic attack (TIA) occurrence between the PS and the 
placebo group, however, the number of thromboembolic 
events was low in the study population.

Only 2  published papers focused on protamine 
sulfate administration after TAVI. In a recently published 
retrospective analysis of our own material (186 patients 
undergoing transfemoral TAVI, 44% via surgical cut-down, 
21% received PS at operators’ discretion) PS administration 
did not decrease the rate of bleeding complications [15]. 
Conversely, in a much larger (873 patients), single-center, 
prospective observational study, in which 677 patients 
undergoing TAVI received PS, protamine administration 
resulted in signifi cantly lower rates of life-threatening 
and major bleeding complications while not increasing 
the occurrence of stroke and myocardial infarction [16]. 
That? study, however, was not randomized and the use of 
PS was left at operators’ discretion in the initial phase of 
the study, whereas towards the end of the trial all patients 
received protamine, potentially introducing a selection bias 
as well as a confounding bias secondary to improvements 
in vascular access technics over time. 

The reported rate of VARC-defi ned life-threatening and 
major bleeding complications (29%) remains high but is in 

line with the previously published results from large real-life 
populations of TAVI patients [4, 14, 17] — in a meta-analysis 
of 3519 patients, the rate of hemorrhagic sequelae ranged 
from 27% to 77% [12]. The tendency to suff er from bleeding 
complications is multifactorial in this elderly, often frail pop-
ulation with numerous comorbidities. Apart from obvious 
bleeding risks associated with the primary and secondary 
access sites, such as the diameter of the femoral and iliac 
arteries, the delivery sheath profi le, and the quality of the 
puncture and the closure, additional blood loss may arise 
either from gastrointestinal and urinary tracts [12] or from 
acquired coagulopathies, such as acquired von Willebrand 
syndrome and heparin-induced thrombocytopenia [18]. 
The disproportionate rate of bleeding complications 
and ASARVI can potentially be explained by a blood loss 
occurring throughout the procedure, despite a successful 
hemostasis visualized during final angiography of the 
femoral access.

In terms of primary endpoint predictors, only a negative 
impact of serum creatinine was close to reaching statistical 
signifi cance. Renal function-dependent increase in bleed-
ing complications after TAVI is consistent with previous 
reports and may be a result of impaired metabolism of 
a variety of antithrombotic drugs administered before, dur-
ing, and after TAVI. In a study in which  ACT-guided heparin 
administration was assessed in 362 patients, baseline GFR 
was an independent predictor of 30-day bleeding with an 
odds ratio of 0.96 [19].

Lack of statistical signifi cance precludes drawing une-
quivocal conclusions in regard to the usefulness of routine 
PS administration after TAVI. Perhaps, a larger, multi-center 
trial would provide a clear answer to whether the rich 
historical past of protamine sulfate can translate to a great 
future in the TAVI world.

Limitations
Despite the obvious advantages of the randomized 
placebo-controlled trial, our study has a number of 
limitations. First and most importantly, the small sample 
size precluded obtaining statistically signifi cant diff er-
ences between the groups. Secondly, the cross-over rate 
was almost 9%, and concerned patients randomized to 
placebo, who ended up receiving protamine. Thirdly, the 
endpoints were not independently adjudicated and the 
intervention was not blinded. On the other hand, only 
patients qualified for a transfemoral procedure with 
a pre-close device were included. This eliminated the 
potential bias of surgeon-dependent hemostasis present 
in cut-down approaches.

CONCLUSIONS
Routine protamine sulfate administration did not signif-
icantly decrease the rate of major and life-threatening 
bleeding complications after TAVI. Larger studies are re-
quired to assess the impact of routine PS use.

Table 4. Impact of protamine sulfate administration on study 
endpoints occurrence

OR (95% CI) P-value

30-day all-cause mortality, n (%) 1.8 (0.3–10.8) 0.55

Life threatening bleeding, n (%)a 0.73 (0.2–2.76) 0.64

Major bleeding, n (%)a 0.45 (0.2–1.3) 0.14

Minor bleeding, n (%)a 1.14 (0.3–4.8) 0.86

Need for transfusion, n (%)a 0.63 (0.3–1.56) 0.31

TIA, n (%)a — —

Disabling stroke, n (%)a — —

Any bleeding, n (%)a 0.55 (0.2–1.27) 0.16

Major + life threatening bleeding, 
n (%)a

0.48 (0.2–1.19) 0.11

Major + minor bleeding, n (%)a 0.57 (0.2–1.42) 0.23

aAt 48 hours.

Abbreviations: see Table 1 and 2
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Randomized clinical trials of patients with acute myocardial 
infarction-related cardiogenic shock: a systematic review of 
used cardiogenic shock defi nitions and outcomes
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A B S T R A C T
Background: Cardiogenic shock (CS) is a critical complication to acute myocardial infarction (AMI), 
with short-term mortality rates exceeding 40%. However, no international consensus of a CS defi nition 
exists. This may compromise interstudy comparability. 

Aims: The aim of the current study was to review diff erences and similarities of CS enrolment criteria 
in AMI-related CS randomized clinical trials (RCT). 

Methods: From the electronic databases MEDLINE and EMBASE we identifi ed all AMI-related CS trials.

Results: A total of 19 trials comprising a total of 2674 unique patients with CS were identifi ed. Seven 
trials investigated left ventricular assist devices, eight investigated medical treatments, three percu-
taneous coronary intervention (PCI), and one trial investigated targeted temperature management. 
The inclusion criteria, baseline hemodynamics, endpoints, and mortality varied markedly between 
trials. Hypotension was the most frequent overall inclusion criterion (17 [90%] trials), and a systolic 
blood pressure <90 mm Hg (and/or need of vasopressors) was the most frequently used limit. Twelve 
(63%) trials had signs of impaired end-organ perfusion as an inclusion criterion and 10 (53%) signs of 
impaired cardiovascular function most frequently low cardiac index and reduced left ventricular ejec-
tion fraction. Ten (53%) trials included patients resuscitated from a cardiac arrest, three trials excluded 
cardiac arrest patients whereas six trials did not state whether cardiac arrest was an exclusion criterion. 
Mortality ranged from 8% to 73%. 

Conclusions: The RCTs of AMI-related CS have marked heterogeneity in enrolment criteria and outcomes 
potentially hampering interstudy comparability. The overall consensus of CS enrolment criteria appears 
needed for future selection of patients. 

Key words: acute heart failure, acute myocardial infarction, cardiac arrest, cardiogenic shock, random-
ized controlled trial

Kardiol Pol 2021; 79, 9: 1003–1015

INTRODUCTION
Mortality related to acute myocardial infarction (AMI) has 
declined dramatically during the past decades [1]. However, 
5%–10% of AMI patients deteriorate to cardiogenic shock 
(CS), which is associated with in-hospital mortality rates 
exceeding 40% [1–3]. Cardiogenic shock  is a low-cardiac 
output state with end-organ hypoperfusion and adequate 
ventricular fi lling [4]. Several advanced pharmacological 
therapies and devices are available, however, only limited 
data to support the use of these interventions are available 
and the patient selection seems crucial [5, 6]. CS can be de-

fi ned as “a state in which ineff ective cardiac output caused 
by a primary cardiac disorder results in both clinical and 
biochemical manifestations of inadequate tissue perfusion” 
[7] or “the inability of the heart, generally as a result of im-
pairment of its pumping function, to deliver an adequate 
amount of blood to the tissues to meet resting metabolic 
demands” [8]. From these defi nitions, it can be deduced 
that CS is a syndrome of (1) low cardiac output caused by, 
(2) cardiac dysfunction, leading to (3) tissue hypoperfusion. 
 CS patients encompass a broad spectrum of hemodynamic 
states with diff ering degrees of shock leading to substan-
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W H A T ’ S  N E W ?
An international consensus with regards to patient enrolment criteria in randomized clinical trials of cardiogenic shock patients 
is lacking. In the current study we observed marked diff erences in used cardiogenic shock defi nitions between the existing 
randomized clinical trials. This also applied among ongoing studies currently enrolling patients. These varying defi nitions limit 
interstudy comparability. A future consensus of overall cardiogenic shock enrolment criteria appears needed and benefi cial.

tial heterogeneity in CS study populations. In AMI-related 
CS, patients may begin with clinical signs of CS without 
increased lactate/hypoperfusion. Expert consensus has 
a novel CS classifi cation categorizing patients with or at 
risk of CS into 5 worsening  stages of CS. Hypotension 
necessitating vasoactive pharmacological treatment or 
mechanical circulatory support is often present [7, 9]. 
However, the clinical presentation can vary signifi cantly 
between patients, possibly delaying the diagnosis and 
treatment [7]. Some trials mandate objective measures 
of reduced cardiac function [10], whereas others rely on 
clinical assessment combined with increased lactate [11]. 
So far, no international consensus on a CS defi nition has 
been established, why interstudy comparison remains 
challenging. Also, it is debated whether trials of CS should 
include patients successfully resuscitated from cardiac ar-
rest [12], which make up approximately half of the patients 
in contemporary CS trials [11, 13]. Cardiogenic shock and 
cardiac arrest often occur together, however some aspects 
of pathophysiology etiologies and cause of in-hospital 
death (anoxic brain injury vs acute intractable cardiac 
failure) [14] diff ers substantially, suggesting that patients 
with concomitant cardiac arrest and CS possibly should be 
analyzed separately from patients with CS without cardiac 
arrest in clinical trials [12]. In this systematic review, inclu-
sion criteria used in randomized controlled acute myocar-
dial infarction-related CS trials have been described and 
critically appraised. Additionally, we provide an overview 
of endpoints used in existing and ongoing CS trials. 

METHODS

Search strategy

Published studies
With the assistance of an expert scientifi c librarian, we 
developed search strategies and applied them to the 
electronic databases MEDLINE and EMBASE. All searches 
were run on September 10, 2020, and included all RCTs 
since 1999. The search strategy included Medical Subject 
Headings (MeSH) for MEDLINE and keywords related to CS 
and AMI. An overview of the complete search strategy is 
available upon request. 

Study selection
Eligibility criteria for inclusion in this review required that 
studies were on human subjects conducted in adults with 
CS and were full-text articles written in English. We included 

studies without limitation on sample size. We excluded 
reviews, commentaries, editorials, letters to the editor, 
studies where only the abstract was available, case reports, 
case series, and studies of CS which were not prospective, 
randomized, controlled trials (RCTs). Furthermore, we ex-
cluded studies, in which CS patients were a subgroup of 
a larger study. References were checked from the included 
studies and included if relevant. 

Each study abstract was assessed independently 
by two investigators (JJ and JG). We used the software 
package Covidence, which is an online tool for systematic 
reviews (www.covidence.org). The software allows upload and 
evaluation of searches of abstracts and full texts by each 
investigator blinded to the other evaluator’s decision. Dis-
agreements were marked for later evaluation. We resolved 
such cases using a third reviewer (MF). After screening 
abstracts, all the studies that met the inclusion criteria went 
through full-text screening by JJ and JG. 

Data extraction
We then extracted data from each study using a stand-
ardized, pilot-tested form. Extracted data included study 
characteristics (study title, authors, year of publication, 
study design, number of included patients, inclusion 
and exclusion criteria, details of the intervention, and 
endpoints). Inclusion criteria were grouped into basic 
hemodynamics (heart rate, blood pressure), advanced 
hemodynamics/cardiac function (left ventricular ejection 
fraction [LVEF], cardiac index, pulmonic-capillary wedge 
pressure [PCWP], central venous pressure [CVP]), signs of 
end-organ hypoperfusion, and biomarkers (lactate). In 
cases of multiple publications of the same trial, the original 
publication would be given priority. If data seemed to be 
missing from a trial, we tried to acquire the data through 
correspondence with the trial authors. We contacted the 
corresponding authors of nine trials for missing data, of 
which fi ve answered [5, 10, 15–17]. Data extraction was 
conducted by two reviewers (JJ and JG) and independent-
ly checked by one further reviewer (MF). Following the 
extraction of data, careful consideration was given to the 
suitability of conducting a meta-analysis. As the trials were 
too heterogeneous, the data were synthesized qualitatively. 

Ongoing and future trials
A search for the overall term “Cardiogenic shock” was 
run on ClinicalTrials.gov on September 10, 2020. A total 
of 19 trials studying CS are currently registered, of which 
8 are relevant for this systematic review. Data was extracted 
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similarly to the method described above and presented in 
the supplementary.

Ethics
The study was conducted in accordance with the national 
and institutional ethical guidelines.

Statistical analysis
The results are presented as percentages of the total num-
ber of published AMI-related CS RCTs.

RESULTS
The search strategy identifi ed 513 studies and another 
three were identifi ed through other sources. Of these, 
73 were duplicates. After screening of titles and abstracts, 
480 studies were excluded for not meeting our inclusion 
criteria. Two authors (JG and JJ) reviewed the full text of 
35 studies, identifying 19 RCTs for inclusion in this review. 
Details are provided in a Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) fl ow diagram 
shown in Figure 1.

Study characteristics
Seven trials investigated mechanical circulatory assist 
devices such as an intra-aortic balloon pump, Tandem-
Heart®(LivaNova, London, UK) and Impella® (Abiomed, 
Danvers, MA, USA) [16, 18–22], 8 trials investigated phar-
macological treatments [15, 17, 23–28], 3 investigated coro-
nary interventions (PCI) [10, 13, 29], and 1 trial investigated 
targeted temperature management [16]. The trials were 

published from 1999 onwards. Two trials included more 
than 500 patients [11, 13]. Another two trials included 
250–500 patients [10, 15]. However, the majority of trials 
were small and included less than 100 patients. A total of 
2674 unique individual patients were randomized in the 
reviewed trials. Follow-up periods, as well as endpoints 
of the trials, diff ered markedly, with mortality being the 
most common primary endpoint or part hereof in 8 (42%) 
trials. Study characteristics, sample size, publication year, 
endpoints, and intervention investigated, are summarized 
in Table 1. 

Defi nition of cardiogenic shock
A persisting systolic blood pressure (SBP) value <90 mm Hg 
and/or vasopressor requirements were the most frequent 
inclusion criteria and were used in 13 (68%) trials [10, 11, 
13, 17–20, 22–24, 26, 29, 30]. Three (16%) trials used an SBP 
value <100 mm Hg [15, 25, 27] and 1 (5.3%) trial used SBP 
<80 mm Hg [21]. No trials used mean arterial or diastolic 
blood pressure, while 3 trials included heart rate [10, 17, 
25]. A total of 12 (63%) trials required signs of impaired 
end-organ perfusion [10, 11, 15, 17, 19–23, 26, 30], with 
clinical assessment being a central part of which 10 trials 
required at least 1 of several possible symptoms; 11 trials 
(58%) included low urine output defi ned either as a urine 
output <30 ml/h or more unspecifi c as “oliguria” [10, 11, 
13, 15, 19–23, 26, 30]. Altered mental status was used in 
6 (32%) trials [11, 13, 22, 23, 26, 30] and clinically assessed 
cold and/or clammy skin and limbs was used in 12 trials 
(63%) [10, 11, 13, 15, 17, 19–23, 26, 30]. Elevated arterial 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) fl ow diagram of reviewed and included trials. Rea-
sons for full text exclusion: substudy to already included study (n = 3), protocol future study (n = 1), not randomized controlled trial (n = 3), 
methods insuffi  ciently described (n = 1), including other patients than cardiogenic shock (n = 3), including other patients than myocardial 
infarction (n = 5) 
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Table 1. Study characteristics

Author Sample 
size

Intervention Length of 
follow-up

Primary
endpoint

Main secondary endpoints

Bochaton et al. 
2019 [15]

15 IABP 
vs

IABP + Impella 5.0

1 month Cardiac power index 12 hours after 
implantation

Hemodynamic and metabolic variables over 
96 hours; 30-day all-cause mortality; device-related 

complications; LVEF at 30 days

Fuernau et al. 
2018 [29]

40 TTM at 33°C
vs

no TTM

24 months Cardiac power index 24 hours after 
randomization

All-cause mortality
after 30 days, 1 year, and 2 years

Thiele et al. 
2017 [13]

686 Culprit PCI
vs

Multivessel PCI

30 days Composite of death from any cause 
or severe renal failure leading to 

renal-replacement therapy within 
30 days after randomization

Individual components of the primary endpoint; 
recurrent myocardial infarction; rehospitalization 
for congestive heart failure; and repeat revascula-

rization

Pan et al. 2017 
[13]

48 rhBNP 
vs

no rhBNP

In-hospital Changes in PCWP from baseline to 
72 hours after randomization

In-hospital mortality; cardiac index, urine output

Ouweneel et al. 
2017 [13]

48 IABP 
vs

Impella CP

6 months 30-day all-cause mortality 6-month mortality

Yan-yan et al. 
2016 [13]

60 IABP 
vs

IABP + Shenfu

6 months All-cause mortality Major adverse cardiac and cerebrovascular events

Barilla et al. 
2016 [13]

58 Ivabradine
vs

no ivabradine

6 months Change in NT-proBNP from baseline 
to 1 week after randomization

Cardiovascular death; hospital re-admission for 
worsening heart failure; clinical and hemodynamic 

improvement

Thiele et al. 
2012 [13]

600 IABP 
vs

no IABP

30 days 30-day all-cause mortality Serial assessments of serum lactate levels; cre-
atinine clearance; C-reactive protein levels; and 

severity of disease as assessed with the use of the 
Simplifi ed Acute Physiology Score II

Tousek et al. 
2011 [16]

80 Abciximab 
vs

no abciximab 

30 days 30-day combined outcome
(death/reinfarction/stroke/new 

severe renal failure)

Not reported

Prondzinsky et 
al. 2010 [16]

45 IABP 
vs

no IABP 

In-hospital Change in APACHE II scores from 
baseline to 4 days after randomi-

zation

Cardiac index; plasma brain natriuretic peptide; 
and serum levels of interleukin-6

Fuhrmann et al. 
2008 [16]

32 Levosimendan 
vs

Enoximone

30 days 30-day all-cause mortality Changes in invasively
measured hemodynamic variables during the fi rst 

48 hours

Seyfarth et al. 
2008 [16]

26 Impella 
vs

IABP

30 days Change in the cardiac index from 
baseline to 30 min after implan-

tation

30-day all-cause mortality; device-related compli-
cations included; and MODS and SOFA score after 

30 days

Alexander et al. 
2007 [16]

398 Tilarginine 
vs

Placebo

6 months  30-day all-cause mortality (overall 
and stratifi ed by age)

New York Heart Association functional class at 
30 days, and 6-month mortality

Dzavik et al. 
2007 [16]

79 NOS 
vs

Placebo

30 days Change in MAP from baseline to 
2 hours after initiation of study drug

Change in other hemodynamic variables at 
15 minutes and 2 hours; overall 30-day mortality

Jin-Long et al. 
2007 [16]

39 Prolonged IABP vs
IABP

12 months Long-term left ventricular function Exercise-capacity

Garcia-Gonzalez 
et al. 2006 [16]

22 Levosimendan 
vs

Dobutamine

Not reported Change in cardiac power from 
baseline to 24 hours after initiation 

of therapy

Not reported

Thiele et al. 
2005 [16]

41 IABP 
vs

Tandem heart

30 days Change in MAP from baseline to 
2 hours after implantation

All other hemodynamic and metabolic parameters; 
30-day mortality

Hochman et al. 
1999 [16]

302 Revasculariza-
tion vs

Medical treat-
ment

1 year 30-day all-cause mortality Overall mortality 6 and 12 months after infarction

Urban et al. 
1999 [16]

55 Acute CAG 
vs

Initial medical 
management

30 days Primary pump failure within the 
fi rst 48 hours

Abbreviations: APACHE, Acute Physiologic Assessment and Chronic Health Evaluation; BNP, brain natriuretic peptide; CAG, coronary angiograms; IABP, intra-aortic balloon 
pump; LVEF, left ventricular ejection fraction; MAP, mean arterial pressure; NT-proBNP, N-terminal prohormone BNP; PCI, percutaneous coronary intervention; PCWP, 
pulmonic-capillary wedge pressure; rhBNP, recombinant human BNP; TTM, targeted temperature management

lactate as a biochemical sign of hypoperfusion was used 
as an inclusion criterion in 5 (26%) trials [11, 13, 22, 23, 
30]. A value of >2 mmol/l was used in all 5 trials. In total 
10 (53%) trials mandated signs of circulatory impairment 
or reduced cardiac function [10, 15, 19, 20, 22, 24–27, 29], 

while the remaining trials did not use any criteria of hy-
poperfusion for inclusion. Low cardiac index (9 [47%]) and 
reduced LVEF (3 [16%]) were used as estimates of cardiac 
function. Cardiac index of <2.2 l/min/m2 was the most fre-
quent limit for inclusion, however one trial used a limit of 
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<1.8 l/min/m2 [24] and another trial used <2.5 l/min/m2 [26]. 
Pulmonary capillary wedge pressure (PCWP) was used in 
9 (47%) trials [10, 15, 20, 22–24, 26, 27, 29], and a cut-off  
value of 15 mm Hg was used in 6 (32%) trials whereas 
18 mm Hg was used in 3 (16%) trials [23, 24, 26]. One trial 
had a pragmatic selection process, which included STEMI 
with PCI within 24 hours, inotropic drugs, and an intra-aor-
tic balloon pump [16]. Only 6 (32%) trials mandated both 
criteria for impaired cardiac function/low cardiac index 
and reduced end-organ perfusion [10, 15, 19, 20, 22, 26]. 
Overview of inclusion and exclusion criteria for each trial 
is presented in Table 2. 

Resuscitated out-of-hospital cardiac arrest in 
cardiogenic shock trials
A total of 10 (53%) trials included patients resuscitated 
from a cardiac arrest [10, 11, 13, 17, 18, 20, 22, 24, 26, 29], 
6 (32%) trials did not report whereas only 3 (16%) trials 
specifi cally excluded cardiac arrest patients [16, 23, 30]. Of 
the trials including cardiac arrest, the proportion of cardiac 
arrest patients were large ranging from 28%–91% [10, 18]. 

Outcomes
Eight (42%) trials used mortality as endpoints either as 
all-cause mortality rate alone [10, 11, 15, 18, 24, 26] or 
a combined endpoint where mortality was part of other 
variables [13, 17]. Six (32%) trials used measures of cardiac 
function at follow-up as the primary endpoint [16, 20, 21, 
28–30], with cardiac index and cardiac power index being 
most frequent. Two (11%) trials used mean arterial blood 
pressure as an endpoint [22, 27]. One (5.3%) trial used the 
change in left ventricular preload, measured as the PCWP 
[23]. One trial used NT-proB-type Natriuretic Peptide [25] 
and 1 trial used the change in Acute Physiologic Assess-
ment and Chronic Health Evaluation (APACHE)-score [19]. 

Ongoing trials
The CS defi nitions used in future trials show a similar het-
erogeneity as the already published trials (Supplementary 
material, Tables S1–S2).

DISCUSSION
We described and summarized the defi nitions, inclusion 
criteria, and outcomes used in RCTs of CS. Furthermore, we 
assessed diff erences and similarities of trials regarding in-
clusion criteria, which relates to how researchers defi ne CS. 
We report that inconsistencies of inclusion criteria across 
diff erent trials exist. Furthermore, a similar pattern is seen 
in ongoing trials. This could increase the heterogeneity of 
trial populations between studies, thus making interstudy 
comparisons, including meta-analyses, diffi  cult in addition 
to limiting external validity. This and a low level of evidence 
for CS treatment may partly explain the wide variation of 
care delivered to CS patients [30]. It would be advantageous 
to have uniform criteria for inclusion in future CS trials as 
well as having comparable outcomes. 

Blood pressure
The most frequent inclusion criterion identifi ed in this 
review was low systolic blood pressure, followed by 
diff erent signs of peripheral hypoperfusion and reduced 
cardiac function (Figure 2). It is remarkable that blood 
pressure is the most frequent inclusion criterion in CS 
trials, since blood pressure is not part of the defi nition 
of CS [7, 8] in contemporary recommendations. On the 
contrary, patients can have hypoperfusion and reduced 
cardiac output without hypotension [32]. However, 
hypoperfusion is often associated with low blood 
pressure and blood pressure is an easily obtainable 
parameter that can be measured by non-physicians 
already prehospitally without the need for invasive 
catheters. Furthermore, low blood pressure has been 
shown to be a prognostic factor in CS, with lower blood 
pressure being associated with worse outcome [9]. Con-
sequently, the Acute Cardiovascular Care Association’s 
(ACVC) position statement for AMI-related CS has in-
cluded hypotension (systolic blood pressure <90 mm Hg 
for >30 min or use of vasopressors to maintain pressure 
>90 mm Hg during systole) as one of the criteria for CS 
[8]. It seems reasonable to use blood pressure as an inclu-
sion criterion in CS trials, but research is needed to assess 
whether systolic, diastolic, or mean arterial blood pressure 
best refl ects cardiovascular function. Low diastolic blood 
pressure can potentially be harmful and compromise cor-
onary perfusion even with adequate systolic pressure [33]. 

End-organ hypoperfusion
Despite blood pressure being easily obtainable, a patient 
must fulfi ll other criteria such as tissue hypoperfusion to be 
considered in CS. Surprisingly, only 12 (63%) trials included 
in this review had signs of hypoperfusion in the inclusion 
criteria. Tissue hypoperfusion is often defi ned by a clinical 
assessment of extremities, skin, urine output, and mental 
status, which are susceptible to subjective assessment by 
the treating physician. However, a biomarker of tissue hy-
poperfusion such as lactate concentration could propose 
an easily obtainable and more objective measure [34]. Fur-
thermore, higher lactate concentrations have been shown 
to be a prognostic marker of poor outcome in CS [35]. The 
Association for Acute CardioVascular Care has included 
a plasma lactate concentration >2.0 mmol/l. Whether this 
is the optimal cut-off  value is speculative. One previous 
study has shown mortality to drastically increase when 
lactate levels surpass 2.5 mmol/l, which therefore may be 
a better cut-off  value [35].  In our review, only 5 (26%) trials 
used lactate as an inclusion criterion. IABP-SHOCK II used 
a less restrictive threshold of serum lactate of >2 mmol/l 
compared to the ongoing DanGer-SHOCK, which excludes 
patients with <2.5 mmol/l. Moreover, one-third of the 
patients in the CULPRIT-SHOCK trial had a lactate level 
of ≤2 mmol/l. These inconsistencies are of importance 
when comparing CS trials, since the included populations 
will potentially diff er substantially in disease severity, and 
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Table 2. Inclusion and exclusion criteria

Author Inclusion criteria Exclusion criteria Including comatose 
out-of-hospital car-
diac arrest patients?

Bochaton et al. 
2019 [15]

Blood pressure:
—
Cardiac function:
—
End-organ perfusion:
—
Other:
 — STEMI
— Treated with primary angioplasty within 24 hours of the 
index AMI, and
— Required inotropic drugs and an IABP

— Resuscitation >30 min 
— Aortic valvulopathy or mechanical valve
— Hypertrophic cardiopathy
— Left ventricular thrombus
— Refractory cardiogenic shock (INTERMACS 1 
or 2) 
— Right ventricular failure
— Sepsis

No

Fuernau et al. 
2018 [29]

Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
—
End-organ perfusion:
At least 1 of the following: 
— Altered mental status
— Cold, clammy skin and limbs
— Urine output <30 ml/h
—  Arterial lactate >2 mmol/l
Other:
— Signs of pulmonary congestion 

— CS duration >12 hours 
— Prior CPR with an indication for TTM treat-
ment

No

Thiele et al. 2017 
[13]

Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
—
End-organ perfusion:
At least 1 of the following: 
— Altered mental status
— Cold, clammy skin and limbs
— Urine output <30 ml/h
— Arterial lactate >2 mmol/l
Other:
— Signs of pulmonary congestion 

— Resuscitation >30 min 
— No intrinsic heart action
— Expected severe defi cit in cerebral function
— Indication for urgent CABG
— Mechanical cause of cardiogenic shock
— Single vessel disease
— CS duration >12 hours 
— Age >90 years
— Massive pulmonary embolism
— Known severe renal insuffi  ciency
— Life expectancy <6 months prior to admis-
sion

Yes

Pan et al. 2017 
[13]

Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
—
End-organ perfusion:
At least 1 of the following: 
— Altered mental status
— Cold, clammy skin and limbs
— Urine output <30 ml/h
— Arterial lactate >2 mmol/l
Other:
— Signs of pulmonary congestion 

— SBP <90 mm Hg within fi rst hour post-in-
tervention although 12 mg/kg × min dopamine 
and 1:1 IABP supporting
— PCWP <18 mm Hg
— Inferior, posterior and right ventricle AMI
— Previous history of myocardial infarction; 
— Previous electrocardiogram suggesting an 
old myocardial infarction
— Previous history of chronic heart failure or 
decreased LVEF
— Hypertrophic cardiomyopathy
— Severe valvular disease
— Estimated glomerular fi ltration rate <15 ml/
min per 1.73 m2

— Known intolerance history to rhBNP

No

Ouweneel et al. 
2017 [13]

Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
—
End-organ perfusion:
—
Other:
— Mechanical ventilation (To select a patient population 
with even worse condition)

— Severe aorto-iliac arterial disease impeding 
placement of either IABP or percutaneous MCS
— Known severe cardiac aortic valvular disease
— Life expectancy < 12 months 
— CABG during the previous week

Yes

Yan-yan et al. 
2016 [13]

Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
— A reduction of cardiac index  <1.8 l/min/m2

End-organ perfusion:
—
Other:
— PCWP >18 mm Hg

— Severe valvular diseases
— Autoimmune diseases
— Infection
— Rheumatic activity
— Chronic liver disease
— Kidney disease 
— Cancer
— Unable to be followed-up

Yes
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Author Inclusion criteria Exclusion criteria Including comatose 
out-of-hospital car-
diac arrest patients?

Barilla et al. 2016 
[13]

Blood pressure:
Systolic blood pressure <100 mm Hg
Cardiac function:
LVEF <40%
End-organ perfusion:
—
Other:
— Sinus rhythm 
— HR >75 beats/min

— Atrial fi brillation
— II–III degree atrioventricular block

n/a

Thiele et al. 2012 
[13]

Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
—
End-organ perfusion:
At least 1 of the following: 
— Altered mental status
— Cold, clammy skin and limbs
— Urine output <30 ml/h
— Arterial lactate >2 mmol/l
Other:
— Signs of pulmonary congestion 

— Resuscitation >30 min
— No intrinsic heart action
— Expected severe defi cit in cerebral function
— Mechanical cause of shock 
— Duration >12 hours
— Age >90 years
— Massive pulmonary embolism
— Severe peripheral artery disease precluding 
IABP insertion
— Aortic regurgitation >grade II (on a scale of I 
to IV, with higher grades indicating more severe 
regurgitation); were older than 90 years of age
— Life expectancy <6 months prior to admis-
sion

Yes

Tousek et al. 2011 
[16]

At least 1 of the following:
Blood pressure:
— Systolic blood pressure <90 mm Hg and heart rate >90 
beats/min
— Catecholamine support to maintain systolic blood 
pressure >90 mm Hg
Cardiac function:
—
End-organ perfusion:
— Cold, wet, sweating skin, and
heart rate >90 beats/min
Other:
—

— Contraindications for the use of abciximab
— Severe valvular disease
— Mechanical cause of shock
— 10 000 IU of heparin in the previous 6 h
— No indication for PCI
 

Yes

Prondzinsky et al. 
2010 [16]

End-organ perfusion criteria + at least 1 of the following:
Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
 — Cardiac index ≤2.2 l/min/m2

End-organ perfusion:
At least 1 of the following: 
— Cool extremities
— Oliguria
Other:
—

— Severe peripheral artery disease precluding 
IABP insertion
— Mechanical cause of CS
— Severe valvular disease

n/a

Fuhrmann et al. 
2008 [16]

Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
— Cardiac index <2.5 l/min/m2

End-organ perfusion:
At least 1 of the following: 
— Altered mental status
— Cold, clammy skin and limbs
— Urine output <30 ml/h
Other:
— PCWP >18 mm Hg

— Duration of CS >24 hours
— Mechanical cause of CS
— Severe valvular disease
— Sustained VT
— Major bleeding
— Severe hepatic failure
— Sepsis

Yes

Seyfarth et al. 
2008 [16]

Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
At least 1 of the following:
— Cardiac index <2.2 l/min/m2 + PCWP >15 mm Hg
— LVEF <30% + LV end-diastolic pressure <30 mm Hg
End-organ perfusion:
At least 1 of the following: 
— Cold, clammy skin and limbs
— Urine output <30 ml/h
Other:
— Heart rate >60 beats/min

— Duration of CS >24 hours
— Resuscitation >30 minutes
— Mechanical cause of CS
— Predominant RV failure
— Massive pulmonary embolism
— Severe valvular disease
— Sepsis
— Known cerebral disease
— Thrombus in the LV
— Hypertrophic obstructive cardiomyopathy 

Yes

Table 2. cont.  Inclusion and exclusion criteria
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Author Inclusion criteria Exclusion criteria Including comatose 
out-of-hospital car-
diac arrest patients?

Alexander et al. 
2007 [16]

 Blood pressure:
— Systolic blood pressure <100 mm Hg despite
vasopressor therapy for more than 1 hour
Cardiac function:
— LVEF <40%
End-organ perfusion:
— Mandatory but not specifi ed
Other:
— Clinical or hemodynamic evidence of elevated left 
ventricular fi lling pressures

— Duration of CS >24 hours
— Mechanical cause of shock
— Indication for acute CABG
— Severe valvular disease
— Predominant RV failure
— End-stage renal disease
— Acute respiratory distress syndrome
— Severe cerebral damage precluding survival
— Recent thoracic or abdominal surgery
— Primary pulmonary hypertension
— Infection

n/a

Dzavik et al. 2007 
[16]

Blood pressure:
— Systolic blood pressure <100 mm Hg despite
vasopressor therapy
Cardiac function:
— Cardiac index <2.2 l/min/m2 if measured off  IABP, or <2.5 
l/min/m2 on
End-organ perfusion:
—
Other:
— PCWP >15 mm Hg

— Mechanical cause of CS
— Severe valvular disease
— Predominant RV failure
— Sepsis
— Major bleeding
— Preterminal profound shock 
— Anoxic brain damage
— Primary pulmonary hypertension
— Life expectancy <6 months prior to admis-
sion

n/a

Jin-Long et al. 
2007 [16]

Blood pressure:
— Systolic blood pressure <80 mm Hg or >20% reduction 
from baseline 
Cardiac function:
—
End-organ perfusion:
— Peripheral cyanosis
— Oliguria
— Cold extremities
Other:
—

None mentioned n/a

Garcia-Gonzalez 
et al. 2006 [16]

n/a — Mechanical cause of CS
— Severe valvular disease
— Predominantly RV failure
— Sustained VT
— Stroke within last 3 months
— II or III atrioventricular block
— End-stage renal failure
— Severe liver disease
— Acute respiratory distress syndrome
— Sepsis

n/a

Thiele et al. 2005 
[16]

Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
— Cardiac index <2.1 l/min/m2

End-organ perfusion:
At least 1 of the following: 
—  Altered mental status
—  Cold, clammy skin and limbs
— Urine output <30 ml/h
— Arterial lactate >2 mmol/l
Other:
— PCWP >15 mm Hg

Resuscitation >30 minutes
— Duration >12 hours
— Mechanical cause of CS
— Right ventricular failure
— Age >75 years
— Sepsis
— Severe aortic regurgitation
— Severe cerebral damage
— Severe peripheral vascular disease
— Diseases with reduced life expectancy

Yes

Hochman et al. 
1999 [16]

Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
— Cardiac index <2.2 l/min/m2

End-organ perfusion:
At least 1 of the following: 
— Cold, clammy skin and limbs
—  Urine output <30 ml/h
Other:
— Heart rate >60 beats/min
— PCWP >15 mm Hg 

— Duration of CS >12 hours
— Mechanical cause of CS
— Severe valvular disease
— Dilated cardiomyopathy

Yes

Urban et al. 1999 
[16]

Blood pressure:
— Systolic blood pressure <90 mm Hg or catecholamines 
required
Cardiac function:
— Cardiac index <2.2 l/min/m2

End-organ perfusion:
—
Other:
— PCWP >15 mm Hg

— Mechanical cause of CS
— Severe valvular disease
— Ongoing CPR
— Expected severe defi cit in cerebral function
— Serious non-cardiac disease

Yes

Abbreviations: AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CPR, cardiopulmonary resuscitation; CS, cardiogenic shock; LV, left ventricle; MCS, 
mechanical circulatory support; RV, right ventricle; SBP, systolic blood pressure; STEMI, ST-segment elevation myocardial infarction; TTM, targeted temperature management; 
VT, ventricular tachycardia; other — see Table 1

Table 2. cont. Inclusion and exclusion criteria
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Table 3. Cohort characteristics

Author Age, 
years

Blood 
pressure, 

mm Hg

Heart 
rate, 
bpm

Pro-
portion 

resuscita-
ted from 

CA, %

Propor-
tion of 

mechani-
cal venti-
lation, %

STEMI,
%

LVEF,
%

Cardiac 
Index, %

PCWP, 
%

CVP, 
%

Lac-
tate, 

%

Mor-
tality, 

%

Death 
of 

hypoxic 
brain 

injury, %

Bochaton et al. 
2019 [15]

57 69 (MAP) 101 0 31 n/a 30 2.3 16 10 1.5 15 n/a

Fuernau et al. 
2018 [29]

76 84 (SBP) n/a 0 100 52 n/a n/a n/a n/a 3.4 55 n/a

Thiele et al. 
2017 [13]

70 100 (SBP) 91 54 81 62 31 n/a n/a n/a 5.0 47 11

Pan et al. 
2017 [13]

64 104 98 0 n/a 100 39 1.7 27 n/a n/a 33 0

Ouweneel et al. 
2017 [13]

58 82 (SBP) 82 91 100 100 46 n/a n/a n/a 8.2 48 23

Yan-yan et al. 
2016 [13]

58 77 (SBP) n/a n/a n/a 100 45 n/a n/a n/a n/a 8.3 n/a

Barilla et al. 
2016 [13]

55 84 (SBP) 96 n/a 38 100 34 n/a n/a n/a n/a 10 0

Thiele et al. 
2012 [13]

70 90 (SBP) 92 45 82 69 35 n/a n/a n/a 4.2 41 n/a

Tousek et al. 
2011 [16]

66 97 (SBP) 90 25 46 75 n/a n/a n/a n/a n/a 30 n/a

Prondzinsky et 
al. 2010 [16]

64 n/a n/a n/a 52 64 38 2 18 n/a n/a 33 n/a

Fuhrmann et al. 
2008 [16]

68 69 (MAP) 105 62 87 84 24 2.2 21 n/a 5.4 53 0

Seyfarth et al. 
2008 [16]

66 103 (SBP) 96 77 92 0 27 1.7 22 n/a 6.5 46 n/a

Alexander et al. 
2007 [16]

67 88 (SBP) n/a n/a 86 77 27 n/a n/a n/a n/a 45 n/a

Dzavik et al. 
2007 [16]

69 71 (SBP) 90 n/a n/a n/a 27 1.7 22 n/a n/a 39 n/a

Jin-Long et al. 
2007 [16]

66 77 (SBP) 115 n/a n/a n/a 30 2 27 n/a n/a n/a n/a

Garcia-Gonzalez 
et al. 2006 [16]

64 76 (MAP) 85 n/a n/a 100 29 1.7 26 n/a n/a n/a n/a

Thiele et al. 
2005 [16]

64 64 (MAP) 117 54 98 n/a 27 1.6 24 12 4.2 44 n/a

Hochman et al. 
1999 [16]

66 88 (SBP) 101 28 n/a n/a 31 1.7 24 n/a n/a 51 n/a

Urban et al. 
1999 [16]

65 77 103 31 54 80 n/a 1.7 24 n/a 7.7 73 n/a

Abbreviations: CA, cardiac arrest; CVP, central venous pressure; LVEF, left ventricular ejection fraction; MAP, mean arterial pressure; SBP, systolic blood pressure; STEMI, ST-seg-
ment elevation myocardial infarction; other: see Table 1 and 2

Figure 2. Bar chart depicting proportions of existing trials using diff erent overall inclusion criteria (red, blue, green, and orange columns) and 
sub-criteria (grey columns) in the defi nition of cardiogenic shock

Abbreviations: LVEF, left ventricular ejection fraction; PCWP, pulmonic-capillary wedge pressure
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possibly extrapolation of results from one trial may be 
limited [11, 13, 36].

Assessment of cardiac output and cardiac 
function in the CS-defi nition
Per defi nition, true CS represents an extreme degree of 
acute heart failure whereby cardiac output is insuffi  cient 
to meet basic metabolic requirements. These organ-level 
perturbations may occur at different levels of cardiac 
output, which varies from individual to individual [37]. As 
such, no universal cardiac output cut-off  can be used to 
defi ne CS from a theoretical point of view. Furthermore, it 
has been proven diffi  cult to relate low cardiac output with 
poor outcomes in critically ill patients [40, 41]. In this review, 
eight trials used cardiac index to include patients, and val-
ues varied from <1.8 l/min/m2 [24] to <2.5 l/min/m2 [26]. 
When including patients with hyperacute, severe illness in 
trials it may, however, be diffi  cult to obtain a valid measure 
of cardiac output prior to randomization if an invasive 
procedure is needed [40].

An alternative measure of cardiac performance is an 
echocardiographic assessment. Three (16%) trials in this 
review used LVEF to include patients. Two trials used LVEF 
<40% [15, 25] and one trial used LVEF <30% [20]. Echocardi-
ography has several advantages, being easily accessible, if 
trained personnel are present, and not having the adverse 
eff ects of an invasive procedure. Echocardiography should 
be performed in all patients with suspected CS and AMI for 
rapid assessment of diff erential diagnoses and rule-out of 
mechanical complications [8]. LV dysfunction is a marker 
of CS, whereas small heart cavities with normal function 
may suggest hypovolemic shock. It may, therefore, be 
problematic to consider a patient for a CS trial without 
echocardiographic evidence of reduced cardiac function. 
However, the optimal cut-off  value of LVEF is unknown. 

There are several limitations to LVEF and cardiac index 
as estimates of cardiac function. In dilated hearts, stroke 
volume and cardiac output may be normal despite reduced 
LVEF, and further LVEF is often unprecise, especially when 
estimating LVEF in bedridden, intubated patients. Only 
6  (32%) trials had defi ned requirements for both inade-
quate tissue perfusion and low cardiac output/impaired 
cardiac function. Lastly, CS can be caused by predominantly 
RV failure, which has previously been shown to be the 
primary cause of CS of approximately 7% of the patients 
[41]. In such cases echocardiographic assessment of RV 
function plays a key role, as the typical sign of LV failure 
usually is absent.

Pulmonary capillary wedge pressure 
The cardiac index can be reduced because of insuffi  -

cient preload when fi lling pressures are low despite pre-
served cardiac function. Thus, hypovolemia is a diff erential 
diagnosis to CS. Therefore, adequate fi lling of the failing 
ventricle is required for the diagnosis of CS. If PCWP is low, 
CS is unlikely unless caused by right heart failure [42]. When 

PCWP is elevated, it is an estimate of backward LV failure, 
thus giving an index of poor LV function. In this review, 
9 trials used elevated PCWP (>15 mm Hg or >18 mm Hg) 
as an inclusion criterion, and 1 trial used low/normal PCWP 
(<18 mm Hg) as an exclusion criterion. A PCWP >15 mm Hg 
in the supine position is used by guidelines as a diagnostic 
for left-sided heart failure. This corresponds to a value of 
2 mm Hg higher than the 98th percentile of the healthy [43]. 
Yet, PCWP in heart failure has a poor negative predictive 
value (52%), because PCWP is often elevated only during 
exercise in chronic heart failure [44]. In this context, it is 
meaningful to use low PCWP to exclude CS. However, high 
PCWP is not necessarily associated with CS and is a highly 
invasive technique.

Outcomes
The outcomes of patients included in trials as well as the 
outcomes defi nitions and endpoints diff er signifi cantly 
between trials. Most frequently, all-cause mortality was 
used, which is a robust endpoint but limited to larger 
trials with suffi  cient power. Since CS patients are rare 
compared to for example myocardial infarction patients, 
it is to be expected that some trials use other outcome 
measures than mortality, which enables smaller sample 
sizes. Underlining the point, that CS trials lacks compara-
bility, it is striking that multiple diff erent hemodynamic 
endpoints have been chosen in diff erent trials. Cardiac 
index, cardiac power index, as well as blood pressure, 
change in ventricular preload, PCWP, and biomarkers have 
all been used as endpoints. A discussion and consensus 
among experts regarding relevant endpoints should be 
published for the guidance of future trialists. So far no 
discussion of outcomes has been made in published 
consensus documents [8].

What to do with CS patients with cardiac arrest?
CS frequently occur together with cardiac arrest due to 
shared etiology, being acute or chronic myocardial injury. 
Comatose patients successfully resuscitated from a cardiac 
arrest often require vasopressors to maintain blood pressure, 
have decreased urine output (acute kidney injury), have cold 
skin/extremities (targeted temperature management), have 
markedly elevated lactate levels due to cessation of circula-
tion, and have reduced myocardial function with low cardiac 
output and reduced LVEF (myocardial stunning) [38, 45]. 
Therefore, a large proportion of resuscitated cardiac arrest 
patients fulfi ll the criteria used in CS trials [12] and this may 
explain the large proportion of cardiac arrest patients in the 
CS trials, which we found in this review. 

However, low blood pressure in cardiac arrest is often 
a consequence of vasoplegia due to systemic infl ammation, 
and not always a consequence of low cardiac output [46]. 
Cardiac arrest and CS also often diff er regarding sequelae 
(i.e., anoxic brain injury vs multisystem organ failure) and 
anoxic brain injury is unlikely to improve with cardiovas-
cular therapies. 
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In the trial by Thiele et al. [11], 598 CS patients were 
randomized to receive Intraaortic Balloon Pump vs control. 
Almost half were resuscitated from cardiac arrest. Overall, 
the use of an Intraaortic Balloon Pump did not improve 
outcome. However, a subgroup-analyses showed that the 
point estimate for mortality of the intervention showed 
numeric divergent results when stratifi ed for the presence 
of cardiac arrest. This interaction was not statistically signif-
icant, though. However, the fi ndings highlight the need for 
a discussion of whether to include cardiac arrest patients 
in CS trials. At least, analyses stratifying for cardiac arrest 
should be performed. Surprisingly, in this review, eight 
trials did not even report whether they included patients 
resuscitated from cardiac arrest.  

Another important issue to consider when including 
cardiac arrest-patient in CS trials, is whether the patient is 
expected to recover neurologically. Therefore, cardiac arrest 
patients with early signs of poor prognosis, such as a long 
time to ROSC or non-shockable primary rhythm, should be 
considered excluded for CS trials [47].

Where to go from here?
Future CS trials should use uniform inclusion criteria based 
on consensus by a relevant international group of experts 
in the fi eld, including relevant measures of acute LV and 
RV dysfunction and tissue hypoperfusion and particularly 
consensus of whether to include patients resuscitated from 
cardiac arrest, would be of value. Furthermore, a relevant 
measure to exclude patients in hypovolemic shock should 
be determined. Assessing PCWP with an invasive approach 
is one possibility, however, research in the acute setting 
cannot wait for the insertion of a pulmonary artery cath-
eter, which is time-consuming and has not been shown 
to improve outcomes in shock [48]. Signs of pulmonary 
congestion, such as rales or a chest X-ray with pulmonary 
edema could be alternatives, as well as echocardiographic 
measures of elevated LV preload. Tissue hypoperfusion with 
at least one of the following: altered mental status, cold, 
clammy skin, or low urine output combined with increased 
arterial lactate (possibly >2.5 mmol/l). Low blood pressure 
can be used to raise suspicion of CS, but the optimal cut-off  
has not been determined. Specifi c cut-off  values should 
be discussed internationally, and consensus guidelines 
should be published in order to increase comparability 
of future CS trials. The number of cardiac arrest patients 
included should be reported, and subgroup analyses on 
this group performed. 

In septic shock, which is equally diffi  cult to defi ne, a da-
ta-driven approach has been undertaken and a possible 
septic shock defi nition with clinical criteria was generated 
through meetings, Delphi processes, and voting, followed 
by feedback from international professional societies [49]. 
Inspired by the current septic shock defi nition, a more 
pragmatic approach in CS RCTs could leave out invasive 
signs of reduced cardiac function and include all patients 
with AMI and signs of hypoperfusion (vasopressor require-

ments and elevated lactate). In this case, it is assumed that 
AMI-patients with shock most frequently have cardiogenic 
shock, but this approach will likely result in the inclusion 
of non-cardiogenic shock patients. However, a brief and 
focused transthoracic echocardiographic examination 
could quickly rule in or rule out a cardiac etiology and 
should be mandatory in every case where acute heart 
failure is suspected. 

CONCLUSIONS
In conclusion, signifi cant heterogeneity of inclusion criteria 
exists between CS trials. Diff erences are mainly related to 
objective measures of cardiac function such as LVEF or 
cardiac index and whether to include comatose patients 
after cardiac arrest. Uniform inclusion criteria in the future 
would be benefi cial for interstudy comparisons, and we 
suggest an international consensus of overall CS enrolment 
criteria for future trials. 

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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INTRODUCTION
Implantation of a subcutaneous cardioverter-
-defi brillator (S-ICD) may be used to prevent 
sudden cardiac death (SCD) due to ventricular 
arrhythmias in patients not requiring perma-
nent cardiac pacing or antitachycardia pacing 
[1, 2]. That method of treatment was fi rst ap-
plied in Poland in 2014 [3, 4]. However, it took 
several years before in 2019 S-ICD became 
reimbursed to the extent necessary to cover all 
costs incurred by implant centers. That, in turn, 
led to an increase in the number of procedures 
performed in Poland [5]. Currently, there is no 
report available on how that updated reim-
bursement regulations might have infl uenced 
the qualification procedure, implantation 
technique, and results in comparison to the 
preceding period.

The aim of our analysis was to investigate, 
whether there was any change to indications 
for S-ICD implantation, operational technique, 
and patient outcomes over 7 years of S-ICD 
utilization in Poland. 

METHODS
We compared data collected at two registries in 
diff erent time intervals: Registry A (September 
2014 to December 2015) and Registry B (May 
2020 to May 2021). Registry A was a multi-
center query reporting data of 18 patients from 
5 centers that pioneered S-ICD implantations in 
Poland [6]. Registry B is a nationwide initiative 
held by the Heart Rhythm Section of the Polish 
Cardiac Society [7], and 16 centers performing 
S-ICD implantations report data on subse-
quent patients undergoing implantation or 
exchange of the device. The analysis comprised 
only 144 patients from Registry B undergoing 
the fi rst-time implantation of the system. We 
compared the data describing the general 
characteristics of patients, underlying diseases, 
implantation techniques, as well as reasons 
for the choice of a subcutaneous, instead of 
a transvenous cardioverter-defi brillator.
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Statistical analysis
Continuous variables were presented as the me-

dian and interquartile range (IQR) due to non-normal 
distribution confi rmed with the Shapiro-Wilk test. The 
Mann-Whitney U test was used to compare continuous 
variables. Categorical parameters were presented as num-
bers and percentages, and Fisher’s exact test was used for 
comparisons. A P-value of below 0.05 was considered sta-
tistically signifi cant. Statistical analysis was performed with 
the use of Statistica 13.1 software (StatSoft, Tulsa, OK, USA).

RESULTS AND DISCUSSION
Detailed data of the patients in both groups are presented 
in Table 1. Inter-group comparisons revealed that during the 
early period of S-ICD implementation in Poland it was less 
often implanted in primary prevention of SCD (22% vs 65%; 
P <0.001), and dilated cardiomyopathy was less frequently 
the main underlying disease (17% vs 47%; P = 0.02). Patients 
in the early group had higher left ventricular ejection frac-
tion (LVEF) (median value, 52.5% vs 35%; P = 0.005), whereas 
the main indications prompting the choice of S-ICD were 

lack of venous access (44%) and high risk of infective com-
plications (61%). In the more recent group, young age was 
the main reason for the choice of S-ICD (76%). The change 
in operational technique over time was expressed as a sig-
nifi cant increase in the percentage of procedures performed 
without general anesthesia (0% vs 26%; P = 0.01). The 2-inci-
sion technique has become more frequently applied instead 
of the 3-incision one (11% vs 56%; P <0.001), and now the 
device pocket is more frequently intramuscular than before 
(72 vs 100%; P <0.001). Defi brillation test tends to be less 
frequently performed nowadays (100% vs 83%; P = 0.08). 
In the patients from Registry B, 3 cases of postoperative 
complications were reported: pocket hematoma treated 
conservatively, inadequate shock possibly due to air en-
trapment in the device connector or pocket, and unilateral 
lower limb paresis (with no lesions found on imaging of the 
central nervous system).

During the initial years of S-ICD use in Poland, the num-
ber of implanting centers and procedures was limited. It 
resulted from the high cost of the system and troublesome 
reimbursement procedure. Therefore, S-ICD implantation 

Table 1. Comparison of clinical characteristics of patients in both registries. Registry A — September 2014 to December 2015; Registry B — 
May 2020 to May 2021

Registry A Registry B P-value

General information

Total number of patients 18 144 —

Age, years, median (IQR) 39 (32–62) 41 (31–55) 0.79

Male sex, n (%) 10 (56) 108 (75) 0.1

Sinus rhythm, n (%) 14 (78) 135 (94) 0.04

Primary prevention, n (%) 4 (22) 94 (65) <0.001

LVEF, %, median (IQR) 52.5 (45–60) 35 (25–60) 0.005

Underlying disease

Dilated cardiomyopathy, n (%) 3 (17) 68 (47) 0.02

Ischemic cardiomyopathy, n (%) 6 (33) 40 (28) 0.59

Hypertrophic cardiomyopathy, n (%) 2 (11) 7 (5) 0.26

Arrhythmogenic right ventricular dysplasia, n (%) 1 (6) 0 0.11

Long QT syndrome, n (%) 1 (6) 5 (3) 0.51

Brugada snyndrome, n (%) 1 (6) 3 (2) 0.38

Short QT syndrome, n (%) 0 (0) 2 (2) 1

Left ventricular non-compaction, n (%) 0 (0) 1 (1) 1

Catecholaminergic polymorphic ventricular tachycardia, n (%) 0 (0) 1 (1) 1

Mitral annular disjunction, n (%) 0 (0) 1 (1) 1

Congenital heart disease, n (%) 1 (6) 2 (1) 0.3

Primary ventricular fi brillation, n (%) 3 (17) 15 (10) 0.43

Reason for choice of S-ICD vs T-ICD

Young age, n (%) 4 (22) 109 (76) <0.001

Risk of infective endocarditis, n (%) 11 (61) 33 (23) 0.001

Recurrent lead failure, n (%) 1 (6) 10 (7) 1

Lack of venous access, n (%) 8 (44) 7 (5) <0.001

Other, n (%) 1(6) 6 (4) 0.57

Implantation procedure

General anesthesia, n (%) 18 (100) 107 (74%) 0.01

Intramuscular pocket, n (%) 13 (72) 144 (100) <0.001

2-incision technique, n (%) 2 (11) 80 (56) <0.001

Defi brillation test performed, n (%) 18 (100) 119 (83) 0.08

Defi brillation test successful, n (%) 18 (100) 119 (100) —

Complications, n (%) 0 (0) 3 (2) 1

Abbreviations: IQR, interquartile range; LVEF, left ventricular ejection fraction; S-ICD, subcutaneous cardioverter-defi brillator; T-ICD, transvenous implantable cardioverter-
-defi brillator
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was reserved for secondary prevention of SCD and patients 
not eligible for a transvenous system (either with limited 
vascular access or high risk of infective complications) be-
cause only in such cases the implanting center was certain it 
would be fully reimbursed. Once complete reimbursement  
was introduced, the method became more applicable in 
the primary prevention of SCD, and the patient’s young age 
might have become an indication for the choice of S-ICD. 
That selection factor became dominant, which brought 
Polish data closer to European reports [8]. Novel operation-
al techniques reported in the literature, such as regional 
anesthesia, 2-incision technique, and intramuscular pocket 
[9–12], have been introduced in Polish centers ever since. 
Those techniques have become most common, and our 
results suggest that general anesthesia may be replaced 
by local and regional anesthetic techniques soon. Our 
analysis shows that in many cases (17% in the Registry B) 
the defi brillation test is currently waived. It may result from 
the high effi  cacy of S-ICD in the termination of ventricular 
fi brillation, which reached 100% of performed tests in both 
registries. Alternatively, it may be due to the concerns about 
the safety of inducing ventricular fi brillation in patients 
with more reduced LVEF, as a tendency to implant S-ICD in 
patients with more severe LVEF impairment was observed 
in Registry B, as compared to Registry A (median LVEF 35% 
vs 52.5%, respectively). Notably, that did not signifi cantly 
increase the complication rate, which remains below 2% in 
our data and is lower than reported by other groups [13].

Our analysis confi rms the increasing role of S-ICD as 
a method of primary prevention of SCD in Poland. Recent 
administrative regulations resulted in a change of profi le 
of patients qualifi ed for the procedure. Currently, the main 
reason for the choice of S-ICD is the young age of a patient. 
A tendency to incorporate new operational techniques 
used in European centers is observed, with no increase 
in the perioperative complication rate. The infl uence of 
updated reimbursement regulations on the use of S-ICD 
in Poland suggests that other modern methods might be 
successfully introduced on condition that they are accom-
panied by clear regulations covering all the costs borne by 
the implanting centers. 
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the Pulmonary Embolism Quality of Life Questionnaire: 
a disease-specifi c quality of life questionnaire for patients 
after acute pulmonary embolism

Jerzy Wiliński1, Ositadima Chukwu2, Katarzyna Ciuk2, Radosław Borek1, Anna Skwarek1

11st Department of Internal Medicine with Cardiology Subdivision, Blessed Marta Wiecka District Hospital, Bochnia, Poland
2Faculty of Medicine, Jagiellonian University Medical College, Kraków, Poland 

INTRODUCTION
Acute venous thromboembolism involving 
deep vein thrombosis and/or pulmonary 
embolism (PE) has a broad array of early and 
long-term complications including recurrent 
episodes, bleeding complications related to 
anticoagulant treatment, persisting dyspnea 
or poor physical capacity, post-thrombotic 
syndrome, and chronic thromboembolic pul-
monary hypertension. The underestimated 
sequala is decreased quality of life (QoL) [1–3]. 
Questionnaires for assessing QoL after an ep-
isode of acute PE were developed in several 
languages, however, there is none in Polish. The 
Pulmonary Embolism Quality of Life Question-
naire (PEmb-QoL) fi ts very well in the modern 
approach to the holistic management of PE 
and was proven to be a good instrument to 
detect and measure the intensity of symptoms 
and physical functioning. PEmb-QoL was fi rst 
developed in Dutch and translated into English 
(2009). It was later validated in several languag-
es: French (2014), German (2015), Norwegian 
(2015), and Chinese (2018) [4–8]. In this paper, 
we report the results of the validation of this 
questionnaire in Polish.

METHODS

The Pulmonary Embolism Quality of Life 
Questionnaire
The Pulmonary Embolism Quality of Life Ques-
tionnaire questionnaire consists of 9 questions 
(40 items) clustered into 6 dimensions: fre-
quency of complaints (FO) — Q1; activities of 
daily living limitations (AD) — Q4; work-related 

problems (WR) — Q5; social limitations (SL) 
— Q6; intensity of complaints (IO) — Q7, Q8; 
emotional complaints (EC) — Q9. Questions 
Q2 and Q3 provide descriptive information and 
are not used to calculate scores. Higher scores 
indicate a worse outcome. Questions Q1, Q4, 
Q5, Q9 are reversely scored. Scores of a given 
dimension are calculated by averaging scores 
of all items in that dimension. Transformed 
dimensions score is calculated in a two-step 
process. The score of each item is rescaled in 
such a way that 100 corresponds to a possible 
maximal score and 0 corresponds to a minimal 
score. We take a mean of items that constitute 
a given dimension.

 We performed a forward-backward trans-
lation of the English version of the PEmb-QoL 
questionnaire into Polish according to pre-
viously published recommendations [9]. The 
fi nal Polish version is provided in the Supple-
mentary material.

Patients sample
The inclusion criteria included age above 
18 years, the history of acute PE confirmed 
objectively with computed tomography 
angiography of pulmonary arteries, ventila-
tion/perfusion scintigraphy, angiography of 
pulmonary arteries or with transthoracic or 
transesophageal echocardiography with the 
detection of thrombi in the pulmonary arteries.

The exclusion criteria were the refusal to 
participate in the survey, chronic thromboem-
bolic pulmonary hypertension, severe demen-
tia, residence in a nursing facility, problems with 
using the Polish language. The median time 
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from an episode of PE to completing the questionnaire was 
21 months (interquartile range [IQR], 13–31).

Data collection
The patients who were enrolled in the study were invited 
by a phone call to have an appointment at the cardiolo-
gist outpatient offi  ce at the hospital where they received 
a PEmb-QoL questionnaire and the Polish version of the 36-
Item Short-Form Health Survey (SF-36) [10]. Patients were 
asked to complete and return both questionnaires. Patients 
who were not willing to visit the offi  ce, were asked to com-
plete and return both questionnaires using a pre-stamped 
return envelope. The same scenario was used 14 days later.

Ethical issues
The study protocol was approved by the Bioethics Com-
mittee of the Regional Medical Chamber in Tarnow, Poland 
(No. 3/0177/2019).

Statistical analysis
Statistical analysis was performed using R software, version 
4.0.2 with the “Psych” package. All tests were two-sided with 
a 5% signifi cance level.

A detailed description of the statistical analysis can be 
found in the supplementary material.

RESULTS AND DISCUSSION
The fi nal sample involved 103 patients. Included patients 
were 67 years old (IQR 67.00–72.50). The youngest partici-
pant was 22 and the oldest one was 87 years old. Sixty-four 
patients (62.14%) were aged ≥65 years, 63 (61.17%) of 
them were male. Clinical characteristics are presented in 
the Supplementary material, Table S1.

Scores of 6 dimensions of PEmb-QoL
The median score was 2 for FO (IQR 1.38–2.50), 1.92 for AD 
(IQR 1.31–2.42), 1.5 for WR (1–2), 2 for SL (IQR 1–3), 2.5 for 
IO (IQR 1.5–3.5), 2.3 for EC (1.5–2.95). Scores of aspects 
(0 indicates lowest possible score and 100 indicates maxi-
mal possible score) are shown in supplementary material, 
Figure S1.

Floor and ceiling eff ect
All dimensions had fl oor eff ects ranging from 8.74% for 
EC to 37.86% for SL, for four dimensions the fl oor eff ect 
was substantial. Three dimensions had a non-zero ceiling 
eff ect AD, WR, and SL with 7.77%, 30.1%, 6.8%, respectively 
(Supplementary material, Table S2).

Factor analysis
Factor analysis supported the underlying dimensions 
in general. The screen test identifi ed four factors with 
eigenvalues greater than 2 (17.57; 3.26; 2.70; 2.15). They 
accounted for 29%; 17%; 12% and 10% of total variance. 
Factor 1 included items — Q4, Q6, Q8; Factor 2 included 

most of Q9; Factor 3 included most of Q1, Q7; Factor 4 in-
cluded Q5 (Supplementary material, Table S3). 

Reliability and reproducibility
A half of Cronbach’s alpha coeffi  cients were >0.9 except 
for FO 0.81; WR 0.89; IO 0.67; indicating high internal con-
sistency. Items were positively related to each other, with 
all average inter-item correlations >0.3 (Supplementary 
material, Table S4). The values of item total correlations 
were ranging from 0.30 to 0.87.

PEmb-QoL dimensions were mostly moderately or well 
correlated between themselves (0.37 ≤r ≤0.82), with the 
strongest correlation between the intensity of complaints 
and frequency of complaints (0.82) (Supplementary ma-
terial, Table S5).

Intraclass correlation coeffi  cients (ICCs) for test-retest 
analysis were high, ranging between 0.58 for SL (Q6) and 
0.92 for FO (Q1) (Supplementary material, Table S6).

Construct validity
For correlations between aspects of PEmb-QoL and SF-
-36 Spearman’s correlation coeffi  cient ranged between 
–0.93 (for AD [Q4] and physical functioning) and –0.12 (for 
SL [Q6] and general health). The PEmb-QoL dimensions: 
AD (Q4), WR (Q5), SL (Q6), IO (Q7, Q8), EC (Q9) showed 
higher correlations with the SF-36 physical component 
summary, whereas FO (Q1) showed a higher correlation 
with the SF-36 mental component (Supplementary mate-
rial, Table S7). Overall, these correlations supported good 
convergent validity.

PEmb-QoL dimension scores were mostly weakly corre-
lated with clinical characteristics (Supplementary material, 
Table S8). The factor that infl uenced PEmb-QoL the most 
was the presence of cardiovascular disease. This indicates 
adequate discriminant validity.

Floor and ceiling eff ects
A substantial ceiling eff ect occurs only in one dimension 
— WR as in most previous studies [4–7]. A substantial fl oor 
eff ect was observed in four dimensions. As it was pointed 
out in the aforementioned studies [5], high fl oor and ceiling 
eff ects in particular aspects may be an eff ect of: a small 
number of items per dimension (Q6 — SL); a small range of 
possible answers per item (Q5 — WR). It is possible that the 
range of the scale is not large enough to accommodate the 
distribution of the data, or there is social desirability bias.

Factor analysis
There were diff erent approaches to the factor analysis 
in the previous validations of PEmb-QoL. We chose to 
preserve clinical defi ned factors as in the primary English 
version. Preserving clinically defi ned factors had practical 
advantages. It makes it plausibly easier to extrapolate 
clinical outcomes from studies in most countries. Fur-
thermore, it allows us to use foreign software to compute 
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PEmb-QoL scores. Clinically defi ned dimensions have the 
same number of answers per item and make computing 
scores easier. Clinical defi nitions were designed to be intu-
itive and easy. Factor analysis performed in our study can 
suggest a diff erent structure of dimensions from the one 
in the English version of the questionnaire.

Test-retest reliability
There are no clear guidelines about the exact duration of 
the time gap before reassessment when test-retest reliabil-
ity is verifi ed [11]. We chose a 2-week period to retest our 
patients. ICC value was low only for SL, which is similar to 
other studies’ results. SL had the lowest ICC in those pub-
lications [4, 5]. ICC of similar value had been accepted in 
previous studies [5]. All other ICC values were over 0.7. This 
indicates good overall reproducibility. To sum up, all excep-
tions to strict psychometric norms are not specifi c for the 
Polish version of this tool and were accepted in previous 
validations. The questionnaire has been proved to be a valid 
tool with adequate reliability and reproducibility.

CONCLUSIONS
The Polish version of the PEmb-QoL questionnaire is a valid 
tool in estimating disease-specifi c QoL.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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INTRODUCTION
The rapid spread of the coronavirus disease 
(COVID-19) has imposed signifi cant changes 
for health care systems [1]. In order to provide 
care for patients infected with severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) 
and to reduce the risk of viral transmission, the 
work of many cardiology departments and 
outpatient clinics had to be reorganized, while 
many wards have been repurposed to facilitate 
care for patients infected with SARS-CoV-2 [2, 3]. 
Many planned hospital admissions have been 
postponed or canceled, while some patients 
resigned from a planned admission [4].

Due to the fear of becoming infected, 
many patients were reluctant to present in the 
hospital or call for an ambulance, which often 
resulted in a delay in the contact with health-
care in acute cases. 

The purpose of the present analysis was to 
summarize the causes of hospital admissions 
and the major procedures performed in cardi-
ology departments in the Silesian Voivodeship 
in 2020, with reference to the respective data 
from 2019. 

METHODS
The analysis was based on data acquired from 
the questionnaires provided annually by the 

cardiology wards in the Silesian Voivodeship 
to the provincial consultant in cardiology. The 
response to the questionnaires is obligatory 
for every unit in the Voivodeship. The ques-
tionnaires contain information regarding the 
number of hospital admissions with the main 
diagnoses, along with the data on the proce-
dures performed during these admissions. In 
the present study, the data regarding the years 
2019 and 2020 were analyzed.  It should be 
noted that the study encompassed the entire 
years and the detailed data for specifi c months, 
as well as the short- or long-term outcomes of 
the treated patients, were not available for the 
purpose of this analysis.

The approval of the ethics committee, and 
patient informed consent were not required for 
the purpose of this study. 

Statistical analysis
The results presented in the manuscript were 
expressed as numbers and percentages. The 
comparison of the analyzed variables for each 
year was presented as relative diff erences.

RESULTS AND DISCUSSION
In 2019, there were 61 537  hospital admis-
sions to the cardiology departments, which 
decreased by 22.4% to 47 734 in 2020. The 
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major diagnoses in the respective years are summarized in 
Figure 1A. The primary causes of admissions in 2019 were 
chronic coronary syndromes (CCS) (19.8%; n = 12 165) 
and heart failure (HF), myocarditis, or cardiomyopathies 
(19.0%; n = 11 675). In 2020 the most prevalent cause of 
admission was HF, myocarditis or cardiomyopathies (21.2%; 
n = 10 120) followed by myocardial infarction (MI) (19.7%; 
n = 9 410).

There was a reduction in the number of all analyzed 
invasive procedures between 2020 and 2019, as present-
ed in Figure 1B. The number of coronary angiography 
procedures decreased by 21.4%, while the number of 
percutaneous coronary interventions (PCI) decreased by 
14.6%. The numbers of cardiac ablations or implantations 
of a permanent pacemaker, implantable cardioverter 
defi brillator, or cardiac resynchronization therapy devices 
were also reduced when compared with 2019.

As demonstrated in Figure 1C, in 2019 patients un-
derwent coronary angiography  most frequently due to 
CCS (35.6%; n = 11 286) and non-ST-segment elevation 
myocardial infarction (NSTEMI) (22.9%; n = 7248), which 
remained the most prevalent indications in 2020 (31.2%; 
n = 7778 and 20.6%; n = 5138, respectively). In 2019 the 
majority of PCIs were performed due to NSTEMI (32.6%; 

n = 5827) and CCS (25.6%; n = 4574), as described in 
Figure 1D. In 2020 the most prevalent indications for PCI 
were NSTEMI (29.7%; n = 4536), followed by ST-segment 
elevation myocardial infarction (STEMI) (20.9%; n = 3185).

In the Silesian Voivodeship, the number of patients 
admitted to the cardiology departments has seen a major 
reduction, which has also exerted a drop in the number of 
invasive procedures performed from the outbreak of the 
pandemic. A similar trend has been observed in Europe 
and the United States, where in the initial phase of the 
SARS-CoV-2 spread, the number of acute cardiovascular 
hospitalizations was reduced by almost 45% [1, 5–7].

The decrease in the number of admissions in the ana-
lyzed period has been observed regardless of the cause and 
diagnosis but was numerically most prominent in patients 
with CCS (by 31.4%, a reduction of 3824 admissions). The 
necessity to reorganize the cardiology departments, the 
redistribution of ward employees and the division of the 
departments to separate the patients with regard to their 
infectious status could play a role in this decrease. 

Moreover, similarly to the specialties, the reduction 
in the number of planned admissions has been recom-
mended in order to secure hospital beds for patients with 
life-threatening conditions.

Figure 1. Data regarding the number of hospital admissions and invasive cardiology procedures in 2019 and 2020 in the Silesian Voivodeship. 
A. The primary causes of admissions. B. The number of invasive procedures. C. The number of coronary angiographies with regard to the indi-
cation. D. The number of percutaneous coronary interventions with regard to the indication. The percentage changes between the respective 
values are described in red

Abbreviations: CRT, cardiac resynchronization therapy device; HF, heart failure; ICD, implantable cardioverter-defi brillator; NSTEMI, non-ST-seg-
ment-elevation myocardial infarction; PCI, percutaneous coronary intervention; PPM, permanent pacemaker; STEMI, ST-segment-elevation 
myocardial infarction
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A major reduction has also been observed in the 
numbers of patients with acute coronary syndromes, 
which corresponds with similar observations from Eu-
rope and the United States [5–9]. It is worth mentioning 
that the percentage of patients with MI undergoing 
invasive diagnostics and treatment remained similar, as 
82.0% of patients with MI in 2020 and 84.8% in 2019 un-
derwent PCI. 

Finally, despite an absolute reduction in the numbers 
of admissions when compared with 2019, HF, myocarditis, 
or cardiomyopathy became the primary cause of hospital 
admissions in 2020, constituting more than 20% of all 
hospitalizations. One of the hypotheses explaining the 
increase in the relative frequency of admissions due to 
HF could be limited access to ambulatory care, provided 
mostly as the telehealth visits, or the apprehension of pa-
tients of becoming infected when seeking medical advice. 
Moreover, although the stay-at-home  campaigns aimed 
to substantially reduce the social risk of viral transmission, 
the tendency to isolate at home could potentially lead to 
patients deferring seeking medical contact.

An eff ective HF treatment is based on dynamic respons-
es to the patients’ conditions, for instance using day-care 
units, which signifi cantly reduced the risk of recurrent 
hospitalizations in patients with HF before the pandemic 
[10]. After the outbreak of COVID-19, the extensiveness 
of the functioning of these facilities has been reduced or 
even suspended. 

Taking into consideration the absolute decrease in the 
number of hospital admissions due to HF and the previ-
ously published data on the increase of life-threatening 
arrhythmias in remotely monitored patients with HF, one 
can speculate that the fear of seeking medical care could 
have resulted in more pronounced development of HF, 
potentially leading to the death of some patients before 
arrival to the hospital [11, 12]. 

It is worth noting that an approximate 16% reduction 
in the number of admissions due to HF or acute coronary 
syndrome is lower than in the prior analyses [5–9]. Howev-
er, the results of this analysis encompass the entire years, 
including the fi rst months of 2020 before the pandemic, 
when the healthcare system has functioned similarly as 
in 2019.

In conclusion, in 2020 in the Silesian Voivodeship, there 
has been a decline in the number of hospital admissions to 
cardiology departments regardless of the condition, which 
has been followed by a reduction in the number of invasive 
procedures performed when compared with 2019. Unfor-
tunately, the number of patients referred to the cardiology 
departments with acute coronary syndromes decreased in 
comparison with 2019, however, their treatment remained 
similar as before the pandemic.
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INTRODUCTION
For the past decade, the subcutaneous im-
plantable cardioverter-defi brillator (S-ICD) has 
provided a safe and eff ective option to prevent 
sudden cardiac death for selected patients [1, 
2]. This alternative to transvenous implantable 
cardioverter-defi brillator (TV-ICD) is superior 
for patients with diffi  cult vascular access, high 
risk of infection, and expected lead failure in 
patients with anticipated life-long therapy [3, 
4]. However, it is not appropriate for patients 
who need bradycardia-, antitachycardia- or 
resynchronization pacing [3–5]. With these 
limitations, the S-ICD has shown itself to be 
non-inferior to TV-ICD in several studies in 
adults [1–3]. There are few publications regard-
ing S-ICD implantation in pediatric patients, 
probably due to a smaller subject population [3, 
4, 6]. Investigators emphasize the importance of 
safety off ered by S-ICD comparing with TV-ICD 
in adolescent patients [7]. We report our initial 
experience with 8 children referred for S-ICD 
implantation to our institution.

METHODS
Patients were considered for ICD implantation 
according to the current guidelines [5, 8]. Preim-
plant screening is routinely required to ensure 
appropriate sensing and to reduce the risk of 
inappropriate shocks. The aim of this procedure 
is to assess the accuracy of QRS discrimination 
at least in 1 of the 3 sensing vectors. The screen-
ing was performed in a supine and standing 
position using an automatic screening tool 
(Boston Scientifi c™ ZOOM programmer, Marl-
borough, MA, USA). In addition to the standard 
protocol, we tested all patients lying on the 

left and the right side. In case of inappropriate 
screening results with the standard device and 
electrode positions, we changed the lead posi-
tion from the left sternum border to the right, 
and/or the can more posteriorly and repeated 
screening. We believe screening pass with not 
one positive sensing vector, as recommended 
by the producer of the hardware, but with 2 is 
justifi ed by the specifi city of the children pop-
ulation. Because of faster heart rate and higher 
motoric activity, we may observe more diffi  cult 
and variable sensing conditions. Testing with an 
electrode positioned also on the right sternum 
border is reasonable considering child chest 
anatomy: child’s heart is proportionally bigger 
in the chest. This should provide better sensing 
and eff ective shock vectors. 

In 7 patients who passed screening, an 
S-ICD was implanted. Prior to the procedure 
in the operation room, screening was again 
confi rmed using fl uoroscopy. The fi nal lead and 
can position, and skin incisions were marked. 
All implantations were performed by one op-
erator (MJ).

Under general anesthesia, the device (Boston
Scientifi c Emblem™ A219, Marlborough, MA, 
USA) was implanted intermuscularly between 
the anterior surface of serratus anterior and the 
posterior surface of latissimus dorsi [9]. To avoid 
a third superior parasternal incision the lead 
(model 3501) was tunneled subcutaneously 
from a subxiphoid incision parallel to the ster-
num using an 11F delivery system. At the end 
of the procedure, VF was induced by a 50 Hz 
burst and terminated in all patients with the fi rst 
65 J standard polarity shock. All children had 
individually programmed two-zone shock set 
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up: conditional shock zone 200–210 bpm and shock zone 
240 bpm SMART PASS fi lter on. The patients were seen in 
the outpatient clinic 1 month after the procedure and after 
that every 6 months. The study was approved by the local 
ethics committee according to the Declaration of Helsinki.

The distribution of patient characteristics was done by 
presenting data ranges and median values for quantitative 
data and number count for qualitative data. Microsoft 
Excel© version 16.50 was used for calculations.

RESULTS AND DISCUSSION
Between January 2018 and February 2021, 8 children met 
ICD implantation criteria. Patients’ data are presented in 
Table 1. Seven patients passed screening in two vectors and 
an S-ICD system was implanted. In patient no. 7 with Danon 
syndrome, hypertrophic cardiomyopathy (HCMP), and pre-
excitation syndrome, initial screening failed. We performed 
radiofrequency ablation of the accessory pathway. Despite 
narrowing of QRS, this patient failed the screening again.

Patients’ age at implantation was between 9 and 
17 years (median, 12.5); body weight between 32 and 60 kg 
(median, 44.5); body height between 134 and 173 cm (medi-
an, 159); body mass index (BMI) 15.60–20.02 kg/m2 (median, 
19.33). Follow-up ranged from 3 to 40 months (median, 14). 

Throughout the implantation procedure, no technical 
problems occurred. Regardless of patients’ anatomy, even 
in the youngest patient, all were successfully implanted 
using the 2-incision intermuscular technique. Sensing 
vectors remained stable in all children.

We chose standard lead and device can position in 
3 patients, whereas 4 children with HCMP had appropriate 
sensing only in a modifi ed lead and can position. In the 
latter cases, we implanted the lead right parasternal and 
the can posterior to the mid-axillary line.

Any pocket complication, erosion of the lead tip, or 
incisional infection occurred. With good cosmetic eff ect, 

even in the youngest patients, the device did not cause 
any discomfort or mobility restriction.

At follow-up, neither appropriate nor inappropriate 
shocks were observed in any patient. Sensing vectors 
remained stable in all patients and no T wave oversens-
ing occurred.

Implantable cardioverter-defi brillator in sudden car-
diac death prevention remains a challenging therapy in 
young patients with long life expectancy. Lead failure is 
the main issue for both transvenous and epicardial lead 
systems [9]. The highest complication rates were observed 
in pediatric patients [10, 11]. As observational studies show, 
the risk of lead failure in a 5-year follow-up reaches 40% 
in TV-ICD [12]. Venous obstruction, system infections and 
thromboembolism, high-risk lead extraction are frequent 
complications. When various cohorts of patients were 
compared, complication rates did not  diff er signifi cantly 
and remained comparable [13].

The answer to such issues may be the S-ICD. The S-ICD 
eliminates the need for the endovascular or epicardial 
placement of leads. The well-known problems of trans-
venous leads are avoided. Subcutaneous lead longevity 
needs further investigations, but current data are encour-
aging [1, 2].

The S-ICD system is limited by the lack of bradycardia, 
antitachycardia, and resynchronization pacing, being 
a simple shock box. Careful preoperative selection of the 
patients is therefore mandatory.

Accurate QRS sensing remains challenging in S-ICD 
systems. Inappropriate shocks are the most frequent com-
plications in subcutaneous systems [14]. In our cohort, we 
were able to show that these concerns can be overcome 
by proper patient selection, extended screening, and 
careful implantation techniques. We believe that we did 
not observe any inappropriate shock due to our rigorous 
screening and device implantation under fl uoroscopy. We 

Table 1. Patient characteristics 

Patient 
number

Age at im-
plantation, 
years /sex

Body 
weight, 

kg

Body 
height, 

cm

BMI, 
kg/m2

Diagnosis Indication Screenig re-
sult/Sensing 
vector used 

Shock zone 
(conditional) 

obligatory

Lead position Follow-up, 
months

1 13/F 44 158 17.86 Andersen-
-Tawil S.

Secondary 
prevention

Positive/
/Alternate

(210) 240 Left parasternal 40

2 9/M 39 136 21.08 HOCM Primary 
prevention

Positive/
/Primary

(210) 240 Right parasternal 17

3 17/F 59 165 21.67 Idiopathic 
VF

Secondary 
prevention

Positive/
/Primary

(210) 240 Left parasternal 17

4 9/M 32 134 17.68 HNOCMP Primary 
prevention 

Positive/
/Primary

(210) 240 Right parasternal 14

5 12/M 49 163 18.63 HOCMP Primary 
prevention

Positive/
/Primary

(210) 240 Right parasternal 14

6 17/F 60 173 20.04 HOCMP Secondary 
prevention

Positive/
/Secondary

(200) 240 Right parasternal 14

7 9/M 45 148 20.50 Danon S. Primary 
prevention

No vector 
avaliable

(210) 240 — —

8 14/F 40 160 15.60 LV tumor Secondary 
prevention

Positive/
/Primary

(210) 240 Left parasternal 3

Abbreviations: BMI, body mass index; HNOCM, hypertrophic non-obstructive cardiomyopathy; HOCMP, hypertrophic obstructive cardiomyopathy; LV, left ventricle; VF, ventri-
cular fi brillation
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encountered preoperatively diffi  culties in obtaining proper 
sensing vectors in patients with HCMP, probably due to 
oversensed high-voltage T, wide and fragmented QRS. The 
solution was the right parasternal lead position and dorsal 
device position behind the mid-axillary line [15].

Another point is a large device size: Emblem™ A219: 
volume 59.5 ml, and size 83.1 × 69.1 × 12.7 mm. With the in-
termuscular two-incision technique we obtained excellent 
functional and cosmetic results. There was no restriction 
in arm and shoulder mobility. We preferred the 2-incision 
technique to the 3-incision technique to avoid lead tip 
erosion and subsequent local infections. The 2-incision 
technique minimizes the risk associated with the traditional 
3-incision technique, especially with children [6].

This technique enables S-ICD implantation in children 
under 10 years of age. Current outcomes are promising in 
terms of lack of lead and pocket-related complications and 
excellent sensing accuracy.
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  C L I N I C A L  V I G N E T T E

Hypertrophic obstructive cardiomyopathy and cor triatriatum 
sinistrum. A casuistic coexistence

Kacper Milczanowski, Paweł Tyczyński, Maciej Dąbrowski, Mariusz Kłopotowski, 
Adam Witkowski, Ilona Michałowska

Department of Interventional Cardiology and Angiology, Institute of Cardiology, Warszawa, Poland

Hypertrophic cardiomyopathy (HCM) is char-
acterized by increased thickness of the left 
ventricular myocardium, not explained by ab-
normal loading conditions. Up to 70% of HCM 
patients have either resting or easily provoked 
left ventricle outfl ow tract (LVOT) obstruction- 
hypertrophic obstructive cardiomyopathy 
(HOCM).

Cor triatriatum sinistrum (CTS) is a rare con-
genital anomaly in which the left atrium (LA) is 
divided into proximal and distal chambers by 
a fi bromuscular membrane. It constitutes only 
0.1% to 0.4% of congenital heart defects. CTS 
is frequently associated with the tetralogy of 
Fallot, septal defects, or anomalous pulmonary 
vein return. Nonetheless, a coexistence of HCM 
and CTS is a casuistic fi nding . Pellaton et al. [1] 
most probably described the fi rst HCM case 
with CTS. Bahlmann et al. [2] reported on CTS 
and apical-HCM. Uemura et al. [3] reported on 
the prenatal diagnosis of the Costello syndrome 
expressed by CTS and HCM. Finally,  Tatco [4] 
presented cardiac magnetic resonance (CMR) 
images of a female adult with both anomalies.

A 59-year-old male HOCM-patient with met-
abolic syndrome, atrial fi brillation, and chronic 
heart failure, after implantation of implantable 
cardioverter-defi brillator for secondary preven-
tion of sudden cardiac death, was admitted for 
further treatment. Both transthoracic echocar-
diography (TTE) and CMR showed asymmetrical 
hypertrophy of the interventricular septum 
(25 mm). The systolic anterior motion of the 
mitral leafl ets with moderate mitral regurgi-
tation was visualized. Maximal LVOT-gradient 
was 80–90 mm Hg. Moreover, right ventricular 
systolic pressure was elevated to 57 mm Hg. 
The systolic function of both ventricles was pre-
served. Assessment of the enlarged LA by TTE 
and CMR was somehow ambiguous (Figure 1), 
thus chest computed tomography was done 

and showed non-restrictive CTS: LA was divided 
by a fi brous and fi bromuscular membrane with 
duplication of the right part of the membrane. 
Wide communication between proximal and 
distal LA chambers was present in the lower 
LA part. All four pulmonary veins drained into 
the proximal LA chamber. Alcohol septal abla-
tion was considered for the reduction of LVOT 
obstruction. However, inappropriate anatomy 
of the septal branch precluded alcohol septal 
ablation. Surgical treatment was considered, 
however, due to increased perioperative risk 
(body mass index [BMI], 36.1 kg/m2) conserva-
tive treatment strategy was chosen.

TTE is a fi rst choice tool for diagnosis of 
CTS (providing satisfactory imaging quality) 
and diagnosis of CTS in adulthood is rarer. 
A systematic review revealed that the median 
age of diagnosis was 43 years [5], as opposed to 
59 years of our patient. Multimodality imaging 
is advisable in suspicious LA appearance and 
recommended in HCM patients. Next, LVOT ob-
struction (which was visible in our patient) was 
most probably reported only once [5] among 
the HCM-CTS population.

Finally, CTS may lead to the obstruction 
of LA fl ow and create pulmonary hyperten-
sion (PH). The pathophysiology is similar to 
that of mitral stenosis namely, PH may result 
from backward transmission of the increased 
LA pressure. In the context of our patient no 
signifi cant gradient across the LA membrane 
was observed (Supplementary material, Figure 
S1). Thus, PH is likely to be post-capillary due 
to signifi cant LVOT obstruction, mitral regur-
gitation, diastolic dysfunction, or their combi-
nation. Nonetheless, the method of choice to 
defi nitely diff erentiate between the pulmonary 
artery hypertension and post-capillary PH is 
the right heart catheterization (not performed 
in our patient). 
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In conclusion, this report adds to the very limited liter-
ature on HOCM coexisting with CTS.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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Figure 1. A. Computed tomography angiography. B. Magnifi cation of the panel “A” with focus on the left atrium — white arrow indicates the 
fi bromuscular membrane. C. Transthoracic echocardiography — apical view. The white arrow shows the linear echogenic structure across the 
left atrium
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  C L I N I C A L  V I G N E T T E

Homozygous familial hypercholesterolemia due to APOB 
genetic variant with unusual clinical course
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A 29-year-old patient was admitted to our center 
with suspected familial hypercholesterolemia 
(FH). The patient had no comorbidities, nor was 
she taking any medications. Her lipid profi le 
was: total cholesterol 248 mg/dl, low-density 
lipoprotein cholesterol (LDL-C) 191 mg/dl, 
high-density lipoprotein cholesterol  (HDL-C) 
44 mg/dl, and triglycerides 64 mg/dl. Physical 
examination showed no relevant abnormali-
ties. Mean carotid intima-media thickness was 
0.37 mm and 0.49 mm in the left and right inter-
nal carotid arteries and coronary calcium score 
was 2. The patient scored 4 on the  Dutch Lipid 
Clinic Network scale which is a diagnostic tool 
for FH. Next-generation sequencing revealed 
a homozygous variant in the apolipoprotein 
B (APOB) gene (c.10580G>A p.[Arg3527Gln]). 
Moreover the heterozygous APOE rare variant, 
denoted as c.460C>T p. (Arg154 Cys), was pres-

ent in the patient. In the course of the cascade 
screening, we acquired data concerning the 
proband’s family (Figure 1). Detailed analysis 
of family history revealed that the parents of 
the proband were 2nd line cousins. Dietary 
consultation and rosuvastatin 20 mg daily with 
ezetimibe 10 mg daily were prescribed with 
LDL-C reduction to 62 mg/dl by 67%.

According to WOBASZ II (Wieloośrodkowe 
Badanie Stanu Zdrowia Ludności, Multi-center 
National Population Health Examination 
Survey), lipid disorders and unsatisfactory 
treatment efficacy remain a major problem 
in the Polish population [1]. Inherited lipid 
abnormalities referred to as FH is genetically 
heterogeneous and the most common are 
variants within LDL receptor (LDLR), APOB, 
and proprotein convertase subtilisin/kexin 
type  9 (PCSK9) genes. Hypercholesterolemia 

Figure 1. Pedigree of family. Numbers indicate low-density lipoprotein cholesterol (LDL-C) in mg/dl

Arrow — proband. Abbreviations: CABG, coronary artery bypass grafting; PAD, peripheral artery disease; nd, no data; yo, years old
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due to APOB defect (FDB, familial defective APOB) is rare 
with a prevalence of 1:1000 and 1:4 000 000 for heterozy-
gous and homozygous, respectively [2]. Homozygotes 
were observed in populations with the founder eff ect as 
well as in descendants of consanguineous parents, which 
is probably the case [3]. The most common pathogenic 
variant detected in the APOB gene results in reduced 
LDLR binding capacity, up to 25%, which leads to an ac-
cumulation of LDL-C [4]. Only a few cases of patients with 
homozygous FDB have been described in the literature 
and this is the fi rst APOB homozygote case in the Polish 
population [2]. Homozygous FH (HoFH) is characterized 
by severe clinical presentation and classically is defi ned 
by LDL-C levels of ≥500 mg/dl in untreated patients, 
and ≥300 mg/dl in treated subjects with cutaneous or 
tendinous xanthoma occurring at less than 10 years of 
age [2]. Patients with pathogenic variants in APOB may 
have a milder clinical presentation, and the present case 
constitutes a documented example of this. As described in 
the literature, the average LDL-C concentrations found in 
cases of homozygous FDB were 265–331 mg/dl, and were 
lower in younger individuals, which may, at least partially, 
explain the proband’s surprisingly low level of LDL-C [2, 5]. 
Causes of the relatively low LDL-C levels are sought in the 
apolipoprotein-E-dependent increased clearance of LDL-C 
precursor particles and the mechanism of up-regulation of 
the LDLR [3, 4]. Patients with HoFH do not attain satisfactory 
results of standard treatment and therapy must often be 
extended to include PCSK9 inhibitors or LDL-apher esis. The 
fact that the therapeutic objective is not achieved in pa-
tients with HoFH is particularly signifi cant, as they are in 
the group of very high cardiovascular risk. 

The described case of HoFH presented an unusual 
clinical course, even for FDB individuals, and underlines 
the necessity of a critical and individual assessment of all 
subjects with suspected FH.
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  C L I N I C A L  V I G N E T T E

Changing appearance of lipomatous hypertrophy of the 
interatrial septum on positron emission tomography scan 
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We present a rare imaging case of the lipo-
matous hypertrophy of the interatrial septum 
(LHIS), which may be correlated with arrhythmia 
and sudden death. We discuss the possible 
presence of brown adipose tissue within LHIS.

A 70-year-old female, with pancreatic 
cancer, underwent a positron emission tomog-
raphy (PET/CT) examination during follow-up 
to evaluate the presence of metastases. Two 
months before the scan, the patient was treated 
with a pancreatoduodenectomy, which was 
complicated by an abscess. The PET/CT showed 
some post-operative infl ammatory lesions in 
the area of surgery and no metastases were 

found. However, some unusual increased car-
diac 18F-fl uorodeoxyglucose (18F-FDG) uptake 
was noted (Figure 1). The focus was located 
in the area of the interventricular septum. The 
area had a density of adipose tissue and the 
following dimensions: 27 × 14 × 36 mm. The 
18F-FDG uptake was relatively high (maximum 
standard unit value = 5.7). 

Until now, the patient did not suff er from 
any cardiovascular disease, the echocardiogram 
did not reveal any pathologies of the heart. Due 
to the unusual fi nding, the patient was referred 
to a cardiologist. The patient underwent the 
24-hour monitoring of the electrocardiogram, 

Figure 1. The positron emission tomography (PET/CT) images with increased activity of 18F-fl uorodeoxyglucose 
(18F-FDG) in the interatrial septum. The whole-body PET. A. Post-operative lesions in the abdomen (red arrow) and 
unusual cardiac activity (black arrow). B. and D. In the PET/CT fused images (B, transaxial image; D, sagittal image) 
the focal cardiac uptake (white arrows) corresponds to the area of fat density in the interatrial septum. C. Sagittal 
CT image, white arrows

Abbreviations: LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle

A B

C D
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which did not show any signifi cant arrhythmia. In order 
to exclude an intracardiac malignancy, the patient was 
referred to cardiac magnetic resonance (CMR), since it can 
characterize the cardiac tissue and indicate malignancies 
[1]. The CMR examination consisted of: the cine imagines, 
T1-, T2-, T2*-weighted images with or without fat suppres-
sion, T1-mapping, and late gadolinium enhancement (LGE) 
10–15 minutes after intravenous gadolinium contrast injec-
tion [2, 3]. The CMR images showed hyperintense signal on 
T1-weighted sequences before and after contrast injection 
and on LGE. Native T1-maps of the mass was 174 ms which 
confi rmed the lipomatous tissue.

Based on the CMR, the LHIS was diagnosed. Further 
management of the pancreatic cancer in this patient in-
cluded chemotherapy. A follow-up PET/CT scan performed 
seven months later confi rmed complete cancer remission. 
Interestingly, there was no increased 18F-FDG uptake in the 
interventricular area on the follow-up scan. 

The lipomatous hypertrophy of the interatrial sep-
tum is usually a benign disease and appears as diff used 
thickening of the septum extending from fossa ovalis to 
the posterior wall of the right atrium and between great 
vessels [1]. It is rarely diagnosed, usually unintentionally, 
on echocardiography, CMR, or autopsy.  Adipose tissue 
is physiologically present around the heart, however, in 
LHIS, there is a relevant idiopathic increase of the adipose 
tissue mass. LHIS may stay asymptomatic or cause a su-
praventricular arrhythmia or even sudden cardiac death 
[4]. Fortunately, our patient was free from life-threatening 
arrhythmia throughout the observation period. Further 
observation is still needed.

The confl icting results of two PET/CT scans in an indi-
vidual patient are relatively common and the mechanism 
of 18F-FDG uptake in LHIS is controversial [2, 5]. It may 

indicate the presence of metabolically active brown adi-
pose tissue (BAT) within the LHIS. BAT presents diff erent 
metabolic activities depending on body temperature. BAT 
is activated by exposure to cold and is associated with 
thermogenesis. Some studies demonstrated the diff erent 
18F-FDG uptake, caused by BAT metabolic activity in some 
adults [5].
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Acute coronary syndrome due to extrinsic left main 
compression
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Left main (LM) compression syndrome is de-
fi ned as the LM stenosis due to extrinsic com-
pression, triggering symptoms of myocardial 
ischemia. The prevalence is 5%–44% in patients 
with pulmonary arterial hypertension (PAH) 
[1]. The diagnostics and treatment algorithms 
in LM compression syndrome are not clearly 
defi ned. 

We report here a 49-year-old male with 
atrial septal defect (ASD) type 2 and PAH, who 
was admitted to the emergency department 
because of typical symptoms of the acute cor-
onary syndrome (ACS). The electrocardiogram 
revealed features of myocardial ischemia. 
Echocardiography showed a reduced ejec-
tion fraction (30%), enlarged right ventricle 
(52 mm) and left atrium (46 mm), elevated 
systolic pulmonary pressure (80 mm Hg), and 
bidirectional fl ow in ASD type 2 (Figure 1A). 
Coronary angiography raised suspicion of 
signifi cant stenosis in the proximal segment 
of LM (Figure 1B). Intravascular ultrasound 
(IVUS) demonstrated the elliptical shape of 
LM without atherosclerotic lesions (Figure 1C, 
Supplementary material, Video S1). Computed 
tomography revealed signifi cant dilation of the 
pulmonary trunk compressing the LM, hence 
confi rming the diagnosis (Figure 1D–E). Due 
to the symptoms of overt heart failure, a deci-
sion to pursue invasive treatment was made. 
An intra-aortic balloon pump was implanted 
and IVUS-guided LM percutaneous coronary 
intervention was performed (bare-metal stent 
4.5/15 mm; Figure 1F). Post-intervention IVUS 
showed good stent expansion and no features 
of LM compression. Further clinical course was 
uneventful. During a follow-up hospitalization, 
right heart catheterization confi rmed the Eisen-
menger syndrome.  The 5-year follow-up was 
uneventful regarding recurrent ACS.

Considering the non-specific symptoms 
of LM compression, the diagnosis is challeng-
ing. The most eff ective non-invasive imaging 
methods are cardiac computer tomography and 
cardiac magnetic resonance imaging [2]. If the 
imaging suggests abnormalities, it is necessary 
to perform coronary angiography followed 
by intravascular imaging [2]. In our case, since 
IVUS clearly demonstrated the extrinsic LM 
compression, and given a strong correlation 
between IVUS and fraction fl ow reserve, the 
latter was not performed. Considering that LM 
compression syndrome is not common, there 
is insufficient research to establish the gold 
standard treatment.  Some authors suggest 
that coronary artery bypass grafting should be 
performed [3]. However, surgical treatment is as-
sociated with the high risk of mortality in severe 
PAH patients, and our patients had previously 
rejected the proposed surgical treatment of ASD 
[4]. There have been several reports of successful 
percutaneous coronary intervention (PCI) with 
either bare-metal stents (BMS) or drug-eluting 
stents in LM compression, showing comparable 
results regardless of stent type up to 3 years 
[2, 5].  Considering the large vessel diameter, 
no evidence of atherosclerotic plaque, the risk 
of hemoptysis, and potential treatment with 
prostacyclin agonist or anticoagulants due to 
Eisenmenger syndrome, BMS was selected, with 
a good clinical result during 5-year follow-up.

In conclusion, LM compression syndrome is 
a rare entity that can lead to ACS, acute heart fail-
ure, and sudden cardiac arrest. The non-invasive 
medical imaging in conjunction with angiography 
and IVUS/FFR makes diagnosing it possible. The 
line of treatment has not been clearly defi ned, 
but our case demonstrates that LM compression 
syndrome can be successfully managed by per-
cutaneous treatment of the compressed vessel.
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Figure 1. A. Echocardiography with color 
Doppler showing right ventricle enlarge-
ment and bidirectional fl ow in atrial septal 
defect type 2. B. Coronary angiography 
which raised suspicion of signifi cant stenosis 
in the proximal part of the left main coronary 
artery (red arrow). C. Intravascular ultra-
sound demonstrating the elliptical shape
of LM without atherosclerotic lesions.
D. Computed tomography revealed enlarge-
ment of the pulmonary trunk (56 mm) and 
both pulmonary arteries (left 36 mm; right 
51 mm). E. Computed tomography showing 
compression of the left main coronary artery 
against the sinus of Valsalva by the right 
pulmonary artery (red arrows) resulting in 
a subtotal occlusion, underlying acute coro-
nary syndrome. F. Post-percutaneous coro-
nary intervention angiography showing no 
features of left main compression (red arrow)

Abbreviations: Ao, aorta; AV, aortic valve; 
LAD, left anterior descending artery; LCx, 
left circumfl ex artery; LM, left main; LV, left 
ventricle; PA, pulmonary artery
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Internal carotid artery stent fracture likely caused by hyoid 
bone compression

Ahmet Arif Yalçın1, Ahmet Güner1, Ünal Aydın2, Çağdaş Topel3

1Department of Cardiology, Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Training and Research Hospital, Istanbul, Turkey
2Department of Cardiovascular Surgery, Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Training and Research Hospital, Istanbul, Turkey
3Department of Radiology, Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Training and Research Hospital, Istanbul, Turkey

A 70-year-old male patient visited the clinic for 
a regular check-up. Targeted medical history in-
cluded a history of carotid artery stenting (CAS) 
(Xact carotid stent, Abbott Vascular, Lake Bluff , 
IL, USA) (Figure 1A). The carotid intervention 
was not complicated by dissection, oversized 
stent, or stent fracture. A routine Duplex ultra-
sonography follow-up indicated that the pa-
tient had the right internal carotid artery (ICA) 
asymptomatic restenosis (peak systolic velocity 
[PSV]: 360 cm/s, ICA/common carotid artery 
[CCA] PSV ratio >4.15). Residual, mixed plaque 
without calcifi cation was present outside the 
stent. Computed tomography angiography 
(CTA) demonstrated a fractured right ICA stent 
(Figure 1B–C). Notably, it showed that the tip of 
the greater horn of the hyoid bone (HoB) passes 
between the right ICA and the right external 
carotid artery. A three-dimensional image re-
construction of CTA indicated that the right ICA 
traverses between the greater horn of the HoB 
and the transverse process of the C4 vertebra. 
The fractured stent was compressed by the 
HoB at its origin (Figure 1D). In contrast, the left 
carotid bifurcation and ICA were lateral to the 
HoB. Moreover, CTA did not show tortuosity and 
calcifi cation in the right ICA. Cinefl uoroscopic 
examination indicated a type-4 stent fracture 
(i.e., a complete transverse linear fracture with 
stent displacement) [1] in the right ICA (Figure 
1E). Surgery was recommended because ICA 
stenosis due to extrinsic compression was con-
traindicated for endovascular therapy. Hence, 
the patient was scheduled for right carotid 
endarterectomy under general anesthesia. Vas-
cular structures were clamped after intravenous 
injection of 5000 units of unfractionated hepa-
rin. The carotid endarterectomy was performed 
(Figure 1F). A fractured and thrombosed stent 

was revealed and excised (Supplementary 
material, Figure S1), and the reconstruction of 
the right ICA segment required a poly-patch 
use. The patient was discharged on the 6th  
day without any adverse clinical events. At the 
20th-month follow-up, Duplex ultrasonogra-
phy showed normal fi ndings (right ICA PSV 
<125 cm/s, right ICA/CCA PSV <2).

Anatomically, the carotid arteries are locat-
ed in a fi brous layer on the neck, which allows 
them to follow muscle movements properly 
[1]. The elongation and excessive tortuosity 
of the ICA can change the vessel route in this 
layer, causing it to be close to the HoB and 
consequently undergo mechanical stress [2]. 
Mechanical stress of the carotid artery by 
bone structures — HoB — is an extremely rare 
clinical entity. Three factors must take place 
to cause this mechanical pressure: (1) a long 
HoB horn protruding dorsally from the larynx; 
(2) a lower level of separation of the ICA from 
CCA; (3) kinking of ICA, which tends to deform 
stents placed in the vascular structure [3, 4]. 
Moreover, this mechanical compression can 
cause endothelial damage and consequently 
atheromatous plaque formation and throm-
boembolic events. Previously, Mori et al. [5] re-
ported an ischemic cerebrovascular event with 
the occlusion and recanalization of a non-ath-
erothrombotic ICA due to HoB compression. 
Extrinsic compression of the carotid a rtery 
was the contraindication to the endovascular 
treatment of ICA stenosis. Hence, two main 
treatment options can be considered in this 
pathology: (1) hyoid bone resection plus re-CAS 
[4]; (2) carotid endarterectomy, which includes 
removing surgically the fractured stent and 
then closing it with the poly-patch.
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Figure 1. A. Conventional carotid angiography shows an 80%–90% stenotic lesion in the right internal carotid artery and successful stent 
implantation. B. and C. Coronal and sagittal images show the fractured right internal carotid stent. The tip of the greater horn of the hyoid 
bone passes between the right internal carotid artery and right external carotid artery (arrowhead). D. The three-dimensional image shows 
the medialized right internal carotid artery, traversing between the greater horn of the hyoid bone and the transverse process of the C4 ver-
tebra (the red arrow points at that the greater horn of hyoid bone between external and internal carotid arteries). The left carotid bifurcation 
and internal carotid artery pass laterally to the hyoid bone (arrowhead). E. Cinefl uoroscopic image indicates the fracture of the right internal 
carotid artery stent (arrowheads). F. The intraoperative image indicates that the internal carotid artery was explored

Abbreviations: L-CCA, left common carotid artery; L-ICA, left internal carotid artery; R-CCA, right common carotid artery; R-ICA, right internal 
carotid artery
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Immediate mechanical thrombectomy with DynaCT 
evaluation after percutaneous coronary intervention 
complicated by acute ischemic stroke

Tomasz Tokarek1, 2, Dominika Dykla1, Tadeusz Popiela3, Bartłomiej Łasocha4, Stanisław Bartuś1,  Łukasz Rzeszutko1

1Department of Cardiology and Cardiovascular Interventions, University Hospital, Kraków, Poland
2Department of Intensive Care and Perioperative Medicine, Jagiellonian University Medical College, Kraków, Poland
3Chair of Radiology, Jagiellonian University Medical College, Kraków, Poland
4Diagnostic Imaging Unit, University Hospital, Kraków, Poland

The incidence of acute ischemic stroke sec-
ondary to percutaneous coronary intervention 
(PCI) ranges from 0.1% to 0.6% [1]. Furthermore, 
strokes related to PCI happen also as a result 
of reversible occlusions of large arteries [2]. 
Various predictors of acute ischemic stroke 
during PCI have been established, one of them 
being the radial access site [3, 4]. Mechanical 
thrombectomy is a rapid, safe, and feasible 
treatment option for acute ischemic stroke 
and has become the standard of care [2, 5]. The 
neurological outcome depends on the time 
from the onset of symptoms to treatment, and 
even a few-minute delay can critically infl uence 
the outcome. Thus, establishing a diagnosis of 
acute stroke without the need to transfer the 
patient from the catheterization laboratory to 
the computed tomography (CT) facility and lat-
er to the interventional radiology department 
for treatment might signifi cantly shorten the 
time to reperfusion [1, 2, 5].   

A 64-year-old Caucasian male with a his-
tory of prior ST-segment elevation myocardial 
infarction treated with PCI in the left anterior 
descending coronary artery (LAD), arterial 
hypertension, type 2 diabetes mellitus, and 
hypercholesterolemia was admitted to our 
department with a non-ST-segment elevation 
myocardial infarction. Transthoracic echocar-
diography showed decreased left ventricular 
ejection fraction (35%) with disturbed con-
tractility in several segments. The patient was 
rushed to the catheterization laboratory where 
coronary angiography revealed a multivessel 
disease with critical stenosis in the right cor-
onary artery (RCA) and the diagonal branch 
(Dg) of the left coronary artery (Figure 1A, B). 

A radial access site was established and PCI of 
RCA with stent implantation was performed. No 
periprocedural complications were observed. 
The patient was planned for delayed coronary 
intervention in LAD and Dg, again via radial ac-
cess. During stent implantation, a neurological 
deterioration with focal defi cits was observed 
(motor weakness of the left upper limb and 
motor aphasia). After consultation with the 
neurologist, the patient underwent immediate 
DynaCT (angiographic CT) (Siemens, Medical 
Solutions, Erlangen, Germany) followed by an 
immediate direct cerebral digital subtraction 
angiogram (cDSA) via the right femoral artery. 
Intracranial hemorrhage was ruled out (Sup-
plementary material, Video S1). Thrombotic 
occlusion of the right vertebral and basilar 
arteries was confi rmed (Figure 1C). Immediate 
aspiration thrombectomy and stent retriever 
technique were used to remove the thrombus 
and restore blood fl ow. The control angiog-
raphy confirmed the patency of previously 
occluded arteries (Figure 1D–F). A control CT 
one day later excluded further ischemic or 
hemorrhagic events. The neurological assess-
ment confi rmed a good clinical outcome with 
no focal neurological defi cits (2 points on the 
National Institutes of Health Stroke Scale). Dual 
antiplatelet therapy was continued. 

Our case suggests that immediate direct 
cerebral digital subtraction angiogram (cDSA) 
followed by immediate mechanical thrombec-
tomy reduces delay to treatment and might be 
a safe and feasible treatment option for acute 
ischemic stroke secondary to PCI. Quick and 
safe access to this treatment option should be 
widely provided [2, 5].
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Figure 1. A, B. Coronary angiography and cerebral digital subtrac-
tion angiography. C. Thick arrow indicates the right vertebral artery. 
Thin arrow points at thrombus occlusion of the right vertebral and 
basilar artery. D–F. The fi nal angiography after mechanical throm-
bectomy
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Sacubitril/valsartan as fi rst-line therapy 
in anthracycline-induced cardiotoxicity 
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A 69-year-old female patient was admitted to 
the cardiology department due to a diagnosis 
of acute heart failure (AHF). She had a history 
of chemotherapy due to diff use large B-cell 
lymphoma. The patient received the total an-
thracycline dose of 450 mg/m2. The last anth-
racycline chemotherapy was administered two 
months ago. The patient had no previous his-
tory of cardiovascular diseases. On admission, 
N-terminal prohormone of brain natriuretic 
peptide (NT-proBNP) and high-sensitivity tro-
ponin I (hsTnI) levels were elevated (NT-proBNP: 
5987 pg/ml; reference range <125 pg/ml; hsTnI: 
74 pg/ml; reference range <14 pg/ml). Coro-
nary angiography excluded vessel narrowing. 
Echocardiography showed moderate functional 
mitral regurgitation and severe left ventricular 
systolic dysfunction. Left ventricular ejection 
fraction (LVEF) was 24%, and global longitudinal 
strain (GLS) was 8.1% (Figure 1A). A preliminary 
diagnosis of anthracycline-induced cardio-
toxicity was made. The patient was treated 
initially with intravenous catecholamines and 
diuretics. After hemodynamic improvement 

catecholamines were stopped and intravenous 
diuretics were switched to oral torasemide 
40 mg once daily (OD). Sacubitril/Valsartan 
(S/V) 24/26 mg  twice a day  (BID) and bisoprolol 
2.5 mg OD were started. During the next few 
days, hypotension was observed. Bisoprolol 
was switched to ivabradine  5 mg BID, and diu-
retics were reduced. Enhanced superveillance 
including control of diuresis, creatinine, and 
potassium levels, allowed to maintain the S/V 
treatment (Table 1). The patient was discharged 
home with the diagnosis of heart failure with 
reduced ejection fraction (HFrEF) associated 
with a nthracycline-induced cardiotoxicity. At 
discharge the patient was in New York Heart 
Association (NYHA) class III; a 6-minute walk 
test (6MWT) was 192 m.

After one month, the patient’s status was 
stable and S/V was increased to 49/51 mg BID. 
At the third-month follow-up  the patient was 
in NYHA class II, and 6MWT distance increased 
to 384 m. The creatinine and potassium levels 
were stable, while NT-proBNP and hsTnI levels 
decreased to 865 pg/ml and 23 pg/ml, respec-

Figure 1. Global longitudinal strain — bull’s-eye presentation. A. Baseline. B. Follow-up

A B
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tively. The left ventricular systolic function improved (LVEF, 
42%, GLS, –10.2%; Figure 1B), and mitral regurgitation was 
only mild.

Our clinical vignette concerns the problem of anth-
racycline-induced myocardial injury. Cardiotoxicity due 
to anthracyclines may be acute, early, or late [1]. In our 
case, we observed the early type (i.e. <1 year since the 
anthracycline chemotherapy). The previous retrospective 
studies considered both — early and late types of anthra-
cycline-induced cardiotoxicity as irreversible [2]. However, 
recent studies showed that early detection and adequate, 
guideline-directed heart failure treatment could stop or 
even reverse the progression of cardiac dysfunction [3, 4]. 

Our case demonstrates that S/V can be initiated imme-
diately after achieving the patient’s hemodynamic stability. 
S/V was administered as the fi rst-line therapy in our patient, 
instead of angiotensin-converting enzyme inhibitors. The 
essence of our observation is compliant with the results of 
the PIONEER-HF trial , which proved the safety and feasibil-
ity of early initiation of S/V therapy in hospitalized patients 
after the AHF episode [5]. Importantly, our case addresses 
also the central issue of S/V treatment — hypotension. 
We demonstrated that it could be eff ectively managed by 
reducing diuretics dose and switching from beta-blocker 
to ivabradine. We can conclude that S/V could be safely 
started as the fi rst-line therapy in patients with anthracy-
cline-induced cardiotoxicity.
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Table 1. Pharmacological treatment, hemodynamics, and laboratory results of the patient during the hospitalization

Admission Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Discharge

Treatment

Catecholamines IV Start Stop

Furosemide IV Start Stop

Torasemide 40 mg OD Start Reduced (20 mg 
OD)

Sacubitril/Valsartan 24/26 
mg BID

Start

Ivabradine 5 mg BID Start

Bisoprolol 2.5 mg OD Start Stop

Hemodynamics

Blood pressure, mm Hg
Morning
Evening

92/78
102/76

109/81
104/78

111/69
103/77

106/73
97/62

87/54
91/62

93/69
92/65

99/67
92/68

97/58
91/52

101/71
97/59

102/61

Heart rate, beats/min
Morning
Evening

107
104

80
101

85
88

79
78

99
88

79
89

76
69

82
74

60
72

73
71

Laboratory investigations

Potassium, mmol/l 5.1 4.6 3.9 4.1 4.6 4.3 4.5

Creatinine, µmol/l 97.3 132.6 123.8 123.8 88.4 97.3 88.4

eGFR, ml/min/1.73m2 50.2 37.8 39.6 38.4 58.0 50.2 58.0

Diuresis, ml/24 h 2500 2800 2600 2700 2900 3200 2300

Abbreviations: BID, twice daily; IV, intravenous; OD, once daily
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  C L I N I C A L  V I G N E T T E

Recurrent pulmonary embolism in a patient after COVID-19 
treated with percutaneous and surgical approach

Aneta Kosiorek, Michał Kosowski,  Krzysztof Reczuch, Robert Zymliński, Wiktor Kuliczkowski 

Institute of Heart Diseases, Wroclaw Medical University, Wrocław, Poland

Evidence shows an increased prevalence of 
venous thromboembolism (VTE) after corona-
virus disease 2019 (COVID-19) [1]. Pulmonary 
embolism (PE) with acute pressure overload 
may lead to death. An early diagnosis and 
therapy are crucial [2].

Catheter-directed therapy (CDT) is a prom-
ising alternative to the systemic thrombolysis 
(ST) pathway (class C/IIa recommendation by 
the European Society of Cardiology guidelines), 
but still needs research [3, 4].

A 48-year-old man with a history of arterial 
hypertension and COVID-19 infection was 
admitted due to dyspnea and syncopal epi-
sodes. He had no history of deep vein throm-
bosis (DVT), but one day prior to admission he 
was driving a long distance. Laboratory tests 
revealed elevated concentrations of D-dimer, 
cardiac troponin I (cTnI), and N-terminal B-type 
natriuretic peptide (NT-proBNP). Comput-
ed tomography (CT) angiography revealed 
a massive PE. Echocardiography showed right 
ventricular (RV) enlargement, shortening of 
pulmonary acceleration time, fl attening of the 
interventricular septum, and McConnell’s sign. 
Ultrasonography confi rmed right popliteal vein 
thrombosis. Initial treatment with low- molecu-
lar-weight heparin (LMWH) was administered. 
However, 24 hours later, due to symptom 
worsening, progressing RV failure, and increas-
ing cTnI and NT-proBNP levels, still without 
cardiogenic shock, the decision to start CDT 
(as preferred over ST) was made  by the multi-
disciplinary pulmonary embolism response 
team (PERT). The PERT in our center includes 
interventional cardiologists, cardiac surgeons, 
cardiac intensive care cardiologists, and anes-
thesiologists. CTD was a unanimous decision. 
The procedure was performed under local an-
esthesia, via the left femoral vein access. Several 
passages with the Indigo Aspiration System (Pe-
numbra Inc., Alameda, CA, USA) were done. The 

system utilizes an aspiration catheter connect-
ed to the engine generating negative pressure, 
and a retractable separator device to clear the 
thrombus from the catheter tip. Five thousand 
international units of unfractionated heparin 
were administered, activated clotting time was 
above 250 seconds. CDT resulted in a partial 
thrombus removal but was complicated by wire 
perforation of a subsegmental branch of the left 
PA, resulting in hemoptysis. Protamine sulfate 
was administered and no bleeding site was 
detected by angiography. After the procedure, 
LMWH was initially reduced but reintroduced at 
a full therapeutic dose over the next 24 hours 
since no signs of active bleeding occurred. 
The patient’s condition and RV function were 
improving. However, four days later, the patient 
developed symptoms of cardiogenic shock with 
tachycardia, hypotension, and hypoxemia, with 
a need for inotropic and vasopressor support, 
and echocardiographic signs of PE recurrence. 
The PERT decided on surgical embolectomy 
and subsequently inferior vena cava (IVC) fi lter 
implantation and excluded ST due to bleeding 
risk. The periprocedural course was uncom-
plicated. The therapeutic dose of LMWH was 
maintained. Laboratory, genetic, and imaging 
testing ruled out cancer, inherited thrombophil-
ia, antiphospholipid syndrome, autoimmune 
diseases, but confirmed methylenetetrahy-
drofolate reductase gene mutation (677C>T), 
which in addition to COVID-19 might provoke 
DVT. Echocardiography showed improved RV 
function. The six-month follow-up was free of 
VTE events.

In our opinion, the PERT-guided approach 
improves communication between specialists 
who provide complex care and facilitates 
diffi  cult decisions making, including risk strat-
ification, and therefore rapid redirection of 
therapeutic strategies. In patients with bleeding 
due to CDT and subsequent anticoagulation 
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Figure 1. A. Computed tomographic pulmonary angiography. 
B. Pulmonary angiography prior to thrombectomy. C. Pulmonary 
thrombectomy — Indigo Aspiration System. D. Pulmonary angio-
graphy after thrombectomy. E–F. Surgical embolectomy

stopping, IVC fi lter implantation may be considered to 
avoid recurrence of PE. 
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  C L I N I C A L  V I G N E T T E

Percutaneous coronary intervention of a tortuous 
and complex circumfl ex lesion using the robotic CorPath 
GRX system
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Robotic-assisted percutaneous coronary inter-
ventions (R-PCI) dramatically reduce physician 
radiation exposure and potential musculo-
skeletal injuries [1]. In addition, accumulating 
evidence has demonstrated R-PCI safety and 
effi  cacy in a broad range of lesion types [2, 3].

We report the fi rst case of R-PCI performed 
in Poland using the CorPath GRX (Corindus 
Vascular Robotics) system (Supplementary 
material, Figures S1 and S2) to treat a complex 
tortuous lesion of the left circumfl ex (Cx) artery. 

A 47-year-old male with previous PCI to 
the left anterior descending artery (LAD) was 
referred with worsening typical angina (Cana-
dian Cardiovascular Society class III). Echocar-
diography revealed hypokinesia in the basal 
and mid-segments of the inferior and posterior 
wall. Diagnostic angiography revealed a short 
left main stem (LMS) and a tortuous circumfl ex 
(Cx) artery with a critical lesion in the mid-vessel 
(Figure 1A) associated with a separate critical 
lesion in the 1st obtuse marginal (OM) branch 
(Figure 1B). The right coronary artery was hypo-
plastic and the LAD stent was patent with no 
signifi cant other lesions. A provisional strategy 
was planned to treat the disease in the Cx/OM1. 

Six Fr right radial access was secured and 
the operator manually cannulated the LMS 
with a 6 Fr AL1 guiding catheter. Following 
successful and stable cannulation, the guiding 
catheter was connected to the robotic arm, 
and the rest of the procedure was completed 
from the remote workstation (Supplementary 
material, Figure S3). A Runthrough NS Floppy 
wire (Terumo systems, Somerset, NJ, USA) 

was selected and robotically advanced to 
the distal vessel, with the tortuosity and dis-
eased segment successfully navigated using 
a combination of manual joystick controls and 
pre-set automation techniques (Figure 1C). 
A 2.5 × 27 mm non-compliant (NC) balloon 
was used to pre-dilate the lesion. Precise meas-
urement (1 mm precision) of the lesion length 
was performed using the robotic system and 
accordingly a 3.0 × 38 mm drug-eluting stent 
(Promus PREMIER, Boston Scientifi c, Marlbor-
ough, MA, USA) was advanced and successfully 
implanted at the intended site (Figure 1D). 
Post-dilatation of the proximal portion of the 
stent was performed with a 3.5 × 15 mm NC 
balloon. Following main vessel stenting, the 
main vessel wire was retracted and robotically 
advanced into the OM1 branch which was 
treated with balloon-only angioplasty using 
a 2.0 × 12 mm NC infl ated at 10 atm (Figure 1E). 

Final angiography revealed a good angio-
graphic result, optimal stent expansion with no 
complications (Figure 1F). Fluoroscopy time was 
22 minutes, radiation dose was 943 mGy and 
total contrast volume was 150 ml. 

This case demonstrates how the R-PCI 
system can be used to safely and successful-
ly treat complex lesions. Despite the lack of 
haptic feedback, wiring of this tortuous vessel 
was achieved using the joystick controls man-
ually aided by the built-in automated robotic 
movements. The CorPath GRX system can 
accommodate multiple coronary wires and 
devices simultaneously. In such instances, one 
wire and one device are allocated to the active 
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drive and can be controlled from the console, whilst the 
remaining wires and devices cannot be maneuvered but 
remained fi xed in the passive drive. This can enable oper-
ators to treat complex lesions including bifurcations and 
perform fi nal kissing infl ations when required. The presence 
of a short LMS required repeated repositioning and stabi-
lization maneuvers of the guiding catheter, which were 
all performed using the guide catheter joystick control. 
During initial wiring, the guide catheter disengaged into 

the aorta with subsequent loss of wire position. With the 
robotic controls, the guide catheter was safely manipulated 
back into a more stable position achieving semi-selective 
cannulation of the Cx artery. 

Worldwide experience with R-PCI systems is growing, 
enabling increasingly complex coronary lesions to be treat-
ed safely and eff ectively, without compromising procedural 
time, and with improved operator safety [4, 5]. In our case, 
the primary operator completed the entire procedure with-
out wearing any radioprotection sat at the robotic console, 
which was located within the operating room. 

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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Figure 1. Robotic-assisted percutaneous coronary interventions 
(R-PCI) of the tortuous complex circumfl ex lesion. Basel ine angiog-
raphy (A–B) demonstrates the critical lesions (yellow dotted lines) in 
the mid circumfl ex artery and proximal segment of the 1st marginal 
branch. The tortuous segment of the vessel (yellow star) arises just 
before the critical lesion in the mid-vessel. Through a 6 Fr amplatz 
left guiding catheter a 0.014” coronary wire was advanced distally 
(C) using the robotic controls and following pre-dilatation, the stent 
was advanced and deployed (D–E) in the intended position (dashed 
black line). The marginal lesion was wired and treated with balloon 
angioplasty (E) using the robotic controls. The fi nal result (F) was 
optimal without any angiographic complications

A B

C D

E F



1046 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:
Prof. Katarzyna Mizia-Stec, 
MD, PhD,
1st Department of 
Cardiology, School of 
Medicine in Katowice, 
Medical University of Silesia,
Ziołowa 47, 
40–635 Katowice, Poland,
phone: +48 32 359 88 90,
e-mail: 
kmiziastec@gmail.com

Copyright by the Author(s), 
2021

Kardiol Pol. 2021;
79 (9): 1046–1047;
DOI: 10.33963/KP.a2021.0059

Received: 
June 13, 2021

Revision accepted: 
July 8, 2021

Published online: 
July 8, 2021
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When Takayasu mimics pulmonary hypertension —
severe pulmonary artery stenosis — what to do?

Mateusz Polak, Marek Grabka, Wojciech Wróbel, Iwona Woźniak-Skowerska, Katarzyna Mizia-Stec
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A 27-year-old female, without a history of 
cardiac diseases, with increasing fatigue and 
dyspnea, up to class IV of New York Heart Asso-
ciation (NYHA) during the previous two weeks, 
was admitted to the cardiology department 
with suspicion of pulmonary arterial hyper-
tension (PAH). 

On admission, the patient presented rest-
ing dyspnea, tachycardia 120 bpm, and blood 
pressure 100/60 mm Hg. Capillary blood oxygen 
saturation was 80%. A loud systolic murmur 
was present over the entire chest. Physical 
examination did not reveal peripheral edema 
nor features of venous thromboembolism in 
the lower extremities. 

Laboratory tests revealed amino-terminal 
pro-brain natriuretic peptide of 10745 pg/ml 
(n = 0–125 pg/ml), increased inflammatory 
parameters (C-reactive protein 25 mg/l; white 
blood cells 13 × 103/µl), serum concentration 
of IgG4 of 60 mg/dl. Echocardiography showed 
the overload of the right ventricle, tricuspid 
annulus dilatation with torrential regurgitation. 
Calculated systolic pulmonary artery pressure 
was 110 mm Hg. Computed tomography angi-
ography (angio-CT) scan revealed infl ammatory 
infi ltration of the pulmonary trunk, involving 
the pulmonary arteries and causing critical 
stenoses (Figure 1A–B). No embolic material 
was found on the scan. 

Based on clinical and angiographic criteria 
proposed by the Japanese Research Committee 
on Vasculitis Syndromes [1], the initial diagno-
sis of Takayasu arteritis (TA) was stated. These 
criteria included: (1) angiographic evidence of 
narrowing or occlusion of the aorta or large ar-
teries on CT or magnetic resonance imaging; (2) 
early age of onset; (3) presence of infl ammatory 
markers; and (4) exclusion of atherosclerosis, 
other inflammatory diseases, or congenital 
vascular abnormalities.

The patient received 15 mg of prednisone 
per day and two intravenous infusions of 
400 mg cyclophosphamide, achieving reso-
lution of resting dyspnea. During the next 
6 months, the patient received a total dose of 
4.8 g cyclophosphamide and achieved total re-
mission of clinical symptoms. Control angio-CT 
scan showed substantial regression of stenosis 
(Figure 1C–D). Figure 1E shows control param-
eters. Further hospitalizations were planned to 
perform imaging examinations and evaluate 
the eff ects of the treatment.

TA is a large-vessel vasculitis aff ecting the 
aorta and its primary branches: subclavian ar-
tery (33.7%), the renal artery (25.3%), and the 
common carotid artery (21.7%); the pulmonary 
artery comprised only 0.8%. Inflammatory 
processes in the acute phase cause thickening 
of the arterial wall. The chronic phase causes 
vascular fi brosis, stenosis, and occlusion, result-
ing in congestive heart failure and pulmonary 
hypertension [1].

We present a rare case of TA involving 
pulmonary arteries that clinically mimicked 
signs of severe PAH. Clinical presentation: 
age, sex, symptoms, amino-terminal pro-brain 
natriuretic peptide (NT-proBNP) level, and 
echocardiographic signs suggested PAH. De-
tailed echocardiographic assessment and the 
CT-scan allowed to reveal that the PAH-like 
features of right ventricular overload were due 
to severe pulmonary arteries stenosis. In the 
diff erential diagnosis, it was essential to exclude 
another infl ammatory artery stenosis, mainly 
giant cell arteritis (GCA). While TA is seen in 
young females, GCA aff ects older patients. In 
GCA, infl ammation processes often involve the 
external carotid artery, which is not seen in TA. 
Arterial wall thickening can be due to retrop-
eritoneal fi brosis and therefore mimics TA, but 
TA lacks peritoneal diff usion [2]. IgG4 related 
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disease was also taken into consideration. With a serum 
concentration of IgG4 of 60 mg/dl, it was unlikely (96% 
negative predictive value) [3]. 

The fi rst line of treatment for TA is glucocorticoids. Half 
of the patients require second-line agents: cyclophospha-
mide, methotrexate, or biologic drugs [4]. Endovascular or 
surgical interventions in artery stenosis may be necessary 
once irreversible stenosis starts to develop. Since the rates 
of complications are the highest in patients with acute 
infl ammatory lesions, interventional therapy should be 
avoided during the acute phase of the disease [5]. 
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Figure 1. Contrast-enhanced computed tomography (CT). 
The initial angio-CT scan showed critical stenosis in pulmo-
nary arteries, causing 99% narrowing of the lumen of the 
right pulmonary artery (RPA) (A, red arrow) and 95% of the 
left pulmonary artery (LPA) (B, red arrow). Control angio-CT 
scan after 6 months showed substantial regression of stenosis 
in both RPA (C, red arrow) and LPA (D, red arrow). E. Clinical, 
laboratory, and echocardiography parameters according to 
the total dose of cyclophosphamide in subse quent hospital-
izations

Abbreviations: 6-MWT, 6-minute walking test; AcT, acceler-
ation time; LVEDD, left ventricular end-diastolic diameter; 
LVESD, left ventricular end-systolic diameter; NT-proBNP, ami-
no-terminal pro-brain natriuretic peptide; NYHA, New York 
Heart Association class; RVIT, right ventricular infl ow tract; 
RVOT, right ventricular outfl ow tract; RVSP, right ventricular 
systolic pressure
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TO THE EDITOR
We really appreciated the results of the ob-
servational study conducted by Terlecki et 
al. [1], who demonstrated that, in a total of 
1729 patients admitted to hospital due to 
coronavirus disease 2019 (COVID-19), history 
of diabetes mellitus significantly increased 
the odds of in-hospital death by 53%, while 
those patients with concomitant heart failure 
(HF) experienced a two-fold increase in the 
corresponding odds. Researchers have also 
shown in their cohort that prior treatment with 
renin-angiotensin-aldosterone system blockers, 
statins, antiplatelet drugs, or beta-blockers was 
associated with a signifi cant decrease in the 
odds of in-hospital death, confi rming a protec-
tive role of these drug classes against the most 
surrogate COVID-19 outcome [1]. 

Recently, there has been a vivid and ongoing 
discussion concerning the place of sodium-
-glucose co-transporter-2 (SGLT-2) inhibitors in 
the therapeutic management of patients with 
COVID-19 [2]. This drug class has an established 
role in the treatment of type 2 diabetes mellitus, 
while it has gained signifi cant ground in the 
treatment armamentarium against HF, espe-
cially in patients with HF with reduced ejection 
fraction (HFrEF), even without concomitant type 
2 diabetes mellitus [3]. 

According to a recently published nation-
wide cohort study from the National Diabetes 
Audit in England, prescription of SGLT-2 inhib-
itors is associated with a signifi cant decrease in 

the risk for COVID-19 related death by 18% [4]. 
However, relevant data remain scarce and con-
fl icting, as far as pathophysiologic background 
is concerned, and thus, further research on this 
fi eld is required [5]. 

Therefore, it would be very interesting and 
would increase a value of the initial report, if 
Terlecki et al. [1] could provide data concerning 
the usage rates of SGLT-2 inhibitors in their co-
hort and the association with crude outcomes, 
such as mechanical ventilation and in-hospital 
death, since this “miraculous” drug class has 
attracted scientifi c interest, with an established 
role in the secondary prevention of cardiovas-
cular disease. Data from such real-world studies 
may infl uence decision-making and improve 
therapeutic strategy if we confront another 
COVID-19 pandemic wave in the near future. 

Article information
Confl ict of interest: None declared.

Open access: This article is available in open access un-
der Creative Common Attribution-Non-Commercial-No 
Derivatives 4.0 International (CC BY-NC-ND 4.0) license, 
allowing to download articles and share them with oth-
ers 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 con-
tact the journal offi  ce at kardiologiapolska@ptkardio.pl.

How to cite: Patoulias D, Papadopoulos C, Kassimis 

G, Doumas M. Cardiovascular drug therapy and 
surrogate COVID-19 outcomes: which is the impact 
of the “miraculous” sodium-glucose co-transport-
er-2 inhibitors? Kardiol Pol. 2021; 79(9): 1048–1049, doi: 
10.33963/KP.a2021.0067.



1049

Dimitrios Patoulias et al., SGLT-2 inhibitors and COVID-19

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a

REFERENCES
1.  Terlecki M, Wojciechowska W, Klocek M, et al. Association between 

cardiovascular disease, cardiovascular drug therapy, and in-hospital out-
comes in patients with COVID-19: data from a large single-center registry 
in Poland. Kardiol Pol. 2021; 79(7–8): 773–780,  doi: 10.33963/KP.15990, 
indexed in Pubmed: 33926173.

2. Scheen AJ. SGLT2 inhibition during the COVID-19 epidemic: Friend or foe? 
Diabetes Metab. 2020; 46(5): 343–344, doi: 10.1016/j.diabet.2020.06.003, 
indexed in Pubmed: 32562762.

3. Nessler J, Siniarski A, Leszek P, et al. Expert opinion of the Heart Failure 
Working Group of the Polish Cardiac Society on the use of dapaglifl ozin 
in the treatment of heart failure with reduced ejection fraction. Kardiol 

Pol. 2021; 79(3): 363–370, doi: 10.33963/KP.15859, indexed in Pubmed: 
33687868.

4. Khunti K, Knighton P, Zaccardi F, et al. Prescription of glucose-lowering 
therapies and risk of COVID-19 mortality in people with type 2 diabetes: 
a nationwide observational study in England. Lancet Diabetes Endocrinol. 
2021; 9(5): 293–303, doi: 10.1016/S2213-8587(21)00050-4, indexed in 
Pubmed: 33798464.

5. Patoulias D, Papadopoulos C, Katsimardou A, et al. Sodium-glucose 
cotransporter 2 inhibitors and major COVID-19 outcomes: promising 
mechanisms, confl icting data, and intriguing clinical decisions. Diabetes 
Ther. 2020; 11(12): 3003–3005, doi: 10.1007/s13300-020-00942-7, indexed 
in Pubmed: 33052538.



1050 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:
Prof. Marek Rajzer, MD, PhD,
1st Department of 
Cardiology, Interventional 
Electrocardiology and 
Arterial Hypertension, 
Jagiellonian University 
Medical College, 
Jakubowskiego 2, 
30–688 Kraków, Poland,
phone: +48 12 400 21 50, 
e-mail: 
marek.rajzer@uj.edu.pl

Copyright by the Author(s), 
2021

Kardiol Pol. 2021;
79 (9): 1050–1051;
DOI: 10.33963/KP.a2021.0071

Received: 
July 20, 2021

Revision accepted: 
July 20, 2021

Published online: 
July 22, 2021

  L E T T E R  T O  T H E  E D I T O R

Cardiovascular drug therapy and surrogate COVID-19 
outcomes: which is the impact of the “miraculous” sodium-
-glucose co-transporter-2 inhibitors? Author’s reply

Michał Terlecki1, Wiktoria Wojciechowska1, Marek Klocek1, Michał Kania2, Maciej Małecki2, 
Tomasz Grodzicki3, Marek Rajzer1

1Department of Cardiology, Interventional Electrocardiology and Arterial Hypertension, Jagiellonian University Medical College, Kraków, Poland
2Department of Metabolic Diseases and Diabetology, Jagiellonian University Medical College, Kraków, Poland  
3Department of Internal Diseases and Geriatrics, Jagiellonian University Medical College, Kraków, Poland 

We would like to thank for the interest in our 
article. It has been confirmed in numerous 
studies that COVID-19 can lead to increased 
risk of a poor outcome, which is particularly 
expressed in patients with older age and 
co-existing cardiometabolic comorbidities [1]. 
We confi rmed in our study that older age, type 
2 diabetes mellitus (DM), and heart failure were 
associated with worse in-hospital prognosis in 
patients hospitalized for COVID-19 [2]. 

We must admit that still there is a lack of 
specifi c therapy for COVID-19, despite the fact 
that numerous drugs have been studied. Since 
the beginning of the pandemic, the safety and 
effi  cacy of drugs dedicated to patients with 
cardiometabolic comorbidities have attracted 
interest. In our analysis, we confi rmed that in 
patients hospitalized for COVID-19, prior treat-
ment with renin-angiotensin system blockers, 
statins, antiplatelet drugs, or beta-blockers was 
associated with a signifi cant decrease in the 
odds of in-hospital death [2], however, due to 
the observational nature of the study, it does 
not prove the causal association. 

During several months of the pandemic, we 
have witnessed the change in the treatment 
standards of COVID-19 which have resulted 
in lower rates of complications (i.e. low-mo-
lecular-weight heparin in the prevention of 
thromboembolic events, steroids in patients 
requiring oxygen therapy, etc.). However, there 
is still a profound need to improve the stand-
ard of care in order to achieve faster and more 
complete recovery with an additional reduction 
of cases with fatal outcomes. 

We agree with Patoulias et al. that theoreti-
cally there might be a place for sodium-glucose 

co-transporter-2 (SGLT-2) inhibitors in the 
management of patients with COVID-19 [3]. 
SGLT-2 inhibitors are not only antidiabetic 
drugs but it has been proven that this group 
improves prognosis in populations similar to 
those at risk for COVID-19 worse outcome, i.e. 
patients with DM and in subjects with heart 
failure, chronic kidney disease, and atheroscle-
rotic cardiovascular disease [1, 4]. Treatment 
using SGLT-2 inhibitors is recommended by 
the latest 2021 Acute and Chronic Heart Failure 
Guidelines of the European Society of Cardiolo-
gy. Therefore, investigation of the effi  cacy and 
safety profi le of these agents in patients with 
COVID-19 is warranted.

In our study, we analyzed clinical data from 
1729 patients. In this cohort, there were only 
26 patients (1.5% of the entire cohort) with prior 
treatment with SGLT-2 inhibitors. We must ac-
knowledge that it is insuffi  cient to draw reliable 
conclusions. However, currently, we have avail-
able data of a larger group, i.e., 3391 patients 
hospitalized in our hospital for COVID-19. In this 
cohort, there were 65 patients (1.9%) treated 
with SGLT-2 inhibitors. In this group: 60 (92.3%) 
patients had DM, 9 (13.8%) had heart failure, 
13 (30.0%) had ischemic heart disease, and 
2 (3.1%) had chronic kidney disease. 

If we take into consideration the highly ben-
efi cial impact of SGLT-2 inhibitors in patients 
with pre-existing cardiometabolic disorders, we 
must acknowledge that the prescription rate of 
these drugs in real life was lower than should 
have been expected. Of note, a low proportion 
of patients with diabetes on SGLT-2 inhibitors 
should be attributed mainly to a very limited 
reimbursement of these drugs in Poland, thus, 
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most type 2 diabetes patients have to pay for them out 
of pocket. At the beginning of the pandemic there was 
a concern about the safety profi le of SGLT-2 inhibitors 
in patients with COVID-19, however, currently, there are 
data confi rming their satisfactory safety profi le in patients 
infected with SARS-CoV-2 [5]. 

In our cohort, we observed better outcomes among pa-
tients treated with SGLT-2 inhibitors (n = 65), as compared 
to non-treated (n = 3326). There were no in-hospital deaths 
in patients treated with SGLT-2, while in the rest of the co-
hort 354 (10.4%) patients died. We found lower frequency 
of need for mechanical ventilation (2 [0.1%] vs 351 [10.3%]; 
P = 0.027) in patients treated with SGLT-2 inhibitors. There 
was no signifi cant diff erence in the need for intensive care 
unit hospitalization between SGLT-2 inhibitors users and 
non-users (5 [0.2%] vs 402 [11.8%]; P = 0.19). The low num-
ber of patients treated by SGLT2 inhibitors, the retrospec-
tive, observational nature of our analysis makes it prone to 
typical methodological problems, for example, selection 
bias related to higher eGFR among SGLT2 inhibitor users 
due to the SPC details in 2020 and beginning of 2021. Thus, 
the presented results should be treated with caution. 

However, looking at our results, we should at least 
consider the continuation of SGLT-2 inhibitors in subjects 
with pre-existing indications for  those medications. The 
mechanism of SGLT-2 inhibitor’s action, the results of prior 
studies, and our fi ndings indicate that further exploration 
is needed to fully establish the role of SGLT-2 inhibitors on 
COVID-19 course and outcome. 
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TO THE EDITOR
Over recent years, spontaneous coronary artery 
dissection (SCAD) has gained a substantial 
reputation as a specifi c form of coronary ar-
tery disease aff ecting mostly young females 
[1–3]. Pathologically, it is defi ned as a sepa-
ration between the intima and media layers 
in epicardial coronary arteries (mostly the 
left anterior descending [LAD] artery) in the 
absence of traumatic and iatrogenic triggers 
[1–3]. On invasive coronary angiogram (CAG), 
this phenomenon might present with a variety 
of patterns including characteristic dissection 
fl ap (type-1), intramural hematoma (type-2 and 
3), and a total occlusion (type-4) [1]. In their 
recently published expert opinion paper, 
Kądziela et al. [1] have presented a didactic 
overview of current information on SCAD and 
its management. In this context, we would like 
to place more emphasis on certain aspects of 
SCAD management, based on our perspectives 
and experiences. 

First, we agree with the authors that man-
agement of SCAD with invasive strategies 
(mostly percutaneous coronary interventions 
[PCIs]) should be the preferred option in the 
case of high-risk features, including hemody-
namic instability, malignant arrhythmias, and 
persistent ischemia [1, 2]. However, the existing 
high-risk anatomy features (for instance, SCAD 
involving the proximal LAD), unlike other high-
risk features, might not be regarded as an indi-
cation for urgent management. Accordingly, 
a ‘deferred PCI’ strategy (planned a few days 
or a week later following an admission) might 
arise as a viable option, particularly in the case 
of challenging type-1 SCAD (spiral or long dis-
section, etc.), involving anatomically high-risk 
coronary segments. This delayed strategy might 

signifi cantly enhance the success of PCI, and it 
signifi cantly diminishes complication rates due 
to the partially regressed false lumen at the 
time of deferred intervention. Importantly, strict 
control of blood pressure and heart rate, along 
with the administration of glycoprotein IIb/IIIa 
inhibitors, heparin, and dual antiplatelet thera-
py (DAPT), generally prevent potential compli-
cations (SCAD thrombosis or propagation) [1, 2] 
until the time of deferred PCI. However, SCAD 
involving the left main coronary artery (LMCA), 
even if clinically silent, should be regarded as 
an exception that requires urgent intervention 
due to its life-threatening risks [1, 2]. 

Second, SCAD might occasionally extend 
to the proximal aorta during coronary inter-
ventions [4] or spontaneously. Notably, the 
absence of atherosclerosis generally facilitates 
retrograde SCAD propagation [2], potentially 
leading to an extensive aortic involvement. 
Importantly, patients with SCAD involving the 
LMCA or the osteal right coronary artery (RCA) 
should be particularly evaluated in terms of 
co-existing aortic dissection with further im-
aging modalities (computed tomography [CT], 
etc.). In this context, extensive involvement of 
aorta and/or aortic dilatation strongly favor 
urgent aortic repair and coronary artery bypass 
grafting rather than PCI [4]. More alarmingly, the 
use of glycoprotein IIb/IIIa inhibitors or throm-
bolytic therapy in SCAD patients with a missed 
aortic dissection might result in catastrophic 
complications (including an aortic rupture). 
Taken together, a high index of suspicion for 
aortic involvement is mandatory in the setting 
of SCAD, particularly involving the LMCA or the 
osteal RCA. 

Third, preferential use of cutting balloons 
might be regarded as a routine strategy in the 
case of type-2 and type-3 SCADs [5]. Technically, 
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cutting balloons potentially allow drainage of intramural 
hematoma [1] into the true lumen (through the creation of 
intimal microfenestrations), and generally obviate the need 
for subsequent stent implantation with lifetime complica-
tion risks in this young population [5]. This is of paramount 
importance particularly in the case of type-2 SCAD that 
requires long or multiple stent implantations. 

Finally, severe degrees of myocardial wall motion ab-
normalities (including akinesia, etc.) might potentially be 
attributable to post-ischemic myocardial stunning [3] that 
might persist for variable durations even after complete 
recovery of SCAD and eventually vanish in time. Therefore, 
an assessment of myocardial viability with nuclear imag-
ing, etc. might diff erentiate between myocardial necrosis 
and reversible stunning in severely aff ected myocardial 
segments associated with SCAD.  It might help guide subse-
quent management strategies (including decision-making 
for cardiac device implantation).

More interestingly, takotsubo syndrome (TTS) might 
potentially co-exist with SCAD, mostly due to the com-
mon trigger of these entities including severe stressors 
[3]. Moreover, this co-existence might have prognostic 
and therapeutic implications (attributable to more severe 
adrenergic discharge, etc.) [3]. For instance, SCAD in asso-
ciation with TTS might be particularly prone to vascular 
complications, including dissection propagation, and 
hence it warrants an early intervention, even in the absence 
of high-risk features [3].

In summary, SCAD management might be regarded 
as a multi-faceted phenomenon. Notably, meticulous 
evaluation of clinical details might signifi cantly impact the 
management and prognosis of patients with SCAD.

The authors chose not to respond.
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Left atrial strain — a current clinical perspective
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