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Fourth universal definition of myocardial 
infarction: Key takeaways

The fourth universal definition of myocardial 
infarction (MI) [1] introduces several changes and 
new concepts of MI to enhance clinical practice. 
The most important of them being, in the opinion 
of the authors herein, the distinction between MI 
and myocardial injury as well as an emphasis on 
the utility of imaging techniques — cardiovascular 
magnetic resonance (CMR) in defining etiology of 
myocardial injury and coronary computed tomo
graphy angiography in the diagnosis of MI.

The clinical definition of MI specifies: the 
presence of acute myocardial injury detected 
by abnormal cardiac biomarkers in the setting 
of evidence of acute myocardial ischemia [1].

In clinical practice, cardiac troponin I and tro-
ponin T (the latter sometimes derives from skeletal 
muscles [2–4]) are recommended, especially in high-
sensitivity cardiac troponin I (hs-cTn), mainly due 
to its specificity to the heart and sensitivity [5, 6].  
Of note, for the first time, the acute myocardial inju-
ry was defined clearly as detection of elevated car-
diac troponin values above the 99th percentile upper 
reference limit (URL) and occurrence of the rise 
and/or fall of focused cardiac troponin values [6].  
Subsequently, without the concomitant rise and/or 
fall in the mentioned biomarker values, can only 
define chronic myocardial injury [7].

The authors emphasize the broad spectrum 
of clinical scenarios leading to myocardial injury, 
ranging from anemia, ventricular tachyarrhythmia, 
heart failure, kidney disease, and hypotensive 
shock to hypoxemia or other comorbidities (Fig. 1).  
However, without clinical evidence of acute is-
chemic myocardial injury, they should remain 
named “myocardial injury” in everyday practice.

For practical reasons, the authors emphasize 
the role of distinguishing between myocardial 
injury and infarction [1, 8]. The differences are 
presented in Figure 2. 

Types of myocardial infarctions

The types of MIs were kept, and are presented 
clearly in Figure 2. Type 1 MI is defined as: the 
detection of a rise and/or fall of cTn with at least 
one value above the 99th percentile URL and with 
at least one of the following:

—— symptoms of acute myocardial injury;
—— new ischemic electrocardiography changes;
—— development of pathological Q waves;
—— imaging evidence of new loss of viable myocar-

dium or new regional wall motion abnormal-
ity in a pattern consistent with an ischemic 
etiology;

—— identification of a coronary thrombus by an-
giography including intracoronary imaging or 
by autopsy [1].
The criteria for type 2 MI do not include 

identification of coronary thrombus due to its 
mechanism — it develops secondarily to another 
illness or process. Possible mechanisms of imbal-
ance between oxygen demand and oxygen supply 
can be fixed coronary atherosclerosis, coronary 
spasm, coronary embolism, coronary artery dis-
section, sustained tachyarrhythmia, severe brady
arrhythmia, severe hypertension, respiratory 
failure, shock, severe anemia or hypotension [8]. 
For the sake of patients, it is worth noticing that 
in this group, patient treatment should be based 
on restoration of the balance between oxygen de-
mand and supply, through different interventions, 
concerning its primary cause, for instance heart-
rate control, blood pressure-lowering or volume 
adjustment [8, 9]. 

Herein, the aim is to emphasize a fundamental 
issue concerning this document — differences 
between type 1 MI, type 2 MI, and non-ischemic 
myocardial injury.

Type 3 MI is very rare, constituting 3–4% 
of all MIs [10]. The authors highlight the dif-
ference between type 3 MI, it means death 
from probable cardiac reasons and sudden death 
from clearly non-cardiac causes (which is more 

No myocardial
injury

cTn elevated: 
myocardial

injury

Clinical
evidence of AMI:
myocardial
infarction

Anemia,
heart failure, hypoxemia,
hypotension shock kidney

disease, ventricular
tachyarrhytmia, 
other diseases

Figure 1. Spectrum of myocardial injury — from no 
injury to myocardial infarction; cTn — cardiac troponin; 
AMI — acute myocardial infarction.
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frequent). Of note, when autopsy finds fresh 
or recent thrombus in the myocardial infarct-
-related artery, one should confirm type 1 MI 
instead of type 3 MI [11, 12].

The document clarifies the difference between 
periprocedural myocardial injury and MI, both per-
cutaneous coronary intervention (PCI) and coro-
nary artery bypass grafting (CABG). Consequently, 
it emphasizes the role of cardiac biomarkers’ level 
and stability, before further evaluations and prior 
to regarding as a reference level for a particular 
patient. The situation in which an increased level 
of a cardiac biomarker is potentially the result of 
the MI and not the procedures mentioned above 
[13]. The diagnosis of a periprocedural myocardial 
injury requires:

—— increase in cardiac biomarkers (cTn) level, when 
initially patient presents normal values or;

—— increase in cardiac biomarkers (> 20%), when 
initially patient shows its values above the  
99th percentile URL.
For periprocedural (≤ 48 h) MI related to the 

PCI (type 4a MI) and CABG (type 5 MI), five times 
and ten times increase in cTn value is required, 
respectively, if the patient presents normal initial 
values. These conditions are presented in Figure 3. 
In case of initial values of cTn above 99th percentile 
URL, a 20% rise is demanded, and the final value 
higher than five times 99th percentile URL or ten 
times 99th percentile URL in case of CABG. They 
must, of course, be accompanied by one of the 
known clinical criteria [1]. 

Figure 2. Scheme to distinguish myocardial injury and myocardial infarction and particular types of myocardial infarc-
tion; cTn — cardiac troponin; ECG — electrocardiogram; URL — upper reference limit.

th4  Universal denition
of myocardial infarction

Acute
myocardial injury

Rise and/or fall
of cTn level

(> 20% variation)

At least one of the following evidence of acute ischemia:
— symptoms
— new ECG changes or new pathological Q waves
— loss of viable myocardium (imaging)
— coronary thrombus (angiography/autopsy)

Stable level of cTn 
(£ 20% variation)

Chronic
myocardial injury

Prior or
silent/unrecognized

myocardial infarction

Cardiac 
conditions

Systemic
conditions

Myocardial injury
Elevated cTn level with at least

th
one value > 99  percentile URL

Myocardial 
infarction

Acute

Type 1

erosion)
(plaque rapture, plaque
acute atherothrombosis 

myocardial oxygen suply
and demand unrelated to
acute atherothrombosis

Type 2
imbalance between

with ischemic symptoms

Type 3

and ECG changes before

cardiac death in patients

cTn sampling or cTn rising

related to percutaneous
coronary intervention

Type 4
myocardial infarction

£ 48 h after procedure
bypass grafting; 
related to coronary artery
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The definition of type 4c MI, connected with 
focal or diffuse restenosis after PCI, is based on  
a rise and/or fall of cTn values above the 99th per-
centile URL and definition based on the recognition 
of type 1 MI [1].

Myocardial injury and  
infarction associated  

with non-cardiac procedures

The occurrence of asymptomatic perioperative 
MI is strongly associated with 30-day mortality [14, 
15]. Increased oxygen demand in the perioperative 
period and predominant etiology of myocardial 
ischemia are well recognized and the fact that 
about 35% of patients reveal hs-cTn level above 
the 99th percentile URL in post-operative blood 
samples [16, 17]. Therefore, increased vigilance 
is demanded in all high-risk individuals, and their 
baseline pre-operative value is necessary to collect.

Myocardial infarction with  
non-obstructive coronary arteries

The document also highlights the diagnosis 
of myocardial infarction with non-obstructive 
coronary arteries (MINOCA; ≤ 50% diameter 
stenosis in a major epicardiac vessel) [1]. The 
prevalence of MINOCA depends on sex (it occurs 
more frequently in women than men), the type of 
MI (it is more common in non-ST-segment eleva-

tion myocardial infarction [NSTEMI] than in ST-
-segment elevation myocardial infarction [STEMI]), 
and it concerns about 6–8% of patients with MI [18]. 
Multiple pathomechanisms underlie this condition 
and the heterogeneous group involves both coronary 
and non-coronary causes. The first authoritative 
international expert definition of MINOCA was 
published in the European Society of Cardiology 
working group position paper [18, 19]. Recently, 
the 2020 non-ST-segment elevation-acute coronary 
syndrome (NSTE-ACS) guidelines have maintained 
the approach to MINOCA as ‘working diagnosis’ [20] 
and the authors have proposed a clinical algorithm 
to aid in the diagnosis. The proposed ‘traffic light’ 
scheme includes different imaging tools such as 
echocardiography, cardiac ventriculography, CMR, 
intravascular imaging (intravascular ultrasonogra-
phy [IVUS] or optical coherence tomography [OCT]) 
and intracoronary functional testing (acetylcholine 
or ergonovine). The most important recommenda-
tion seems to be to perform CMR in all MINOCA 
patients without an apparent underlying cause [20]. 
Patients with MINOCA can fulfil the criteria of MI 
type 1 and type 2 [21]. It should be stated that the 
current definition excludes Takotsubo syndrome 
(TTS) and myocarditis [20]. 

Takotsubo syndrome

According to available research, the authors 
underline for the first time, the relevance of TTS. 
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Figure 3. Concentration of cardiac troponin in different clinical scenarios relevant to revascularization procedures; 
cTn — cardiac troponin; CABG — coronary artery bypass grafting; PCI — percutaneous coronary intervention; URL —  
upper reference limit.
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They focus on the discrepancy between the usually 
modest and transient increases in cTn values and 
the large territory of electrocardiography changes 
or left ventricle regional akinesis or hypokinesis 
including apical (82% of patients), mid-ventricular 
(14.6%), basal (2.2%), or focal (1.5%) territory. In 
TTS, the coronary arteries are usually angiographi-
cally intact while left ventriculography presents 
above mentioned regional wall motion abnor-
malities — in 10–15% of patients [1]. On the other 
hand, recently published analysis from the largest 
InterTAK Registry concludes that coronary artery 
disease may coexist in TTS patients, presents with 
the whole spectrum of coronary pathology includ-
ing acute coronary occlusion, and is associated 
with adverse outcome [19]. Thus, the differential 
diagnosis with MI can be challenging [20, 21]. 

Consequently, unlike the previous attitude 
to TTS [19], the current guidelines classify it as 
‘other causes of myocardial injury’ [1] or ‘specific 
non-MINOCA status’ [21]. However, TTS’s diag-
nosis cannot be certainly stated in the acute phase 
because imaging follow-up is essential to prove the 
recovery of left ventricular function [21].

Spontaneous coronary dissection

Spontaneous coronary dissection (SCAD) 
leading to blood accumulation within the artery’s 
false lumen with potential compression of the 
true lumen is an important non-atherosclerotic 
condition of MI [1]. It is triggered by vasa vasorum 
hemorrhage or intimal tear [21]. The NSTE-ACS 
guidelines specify three angiographic types of 
SCAD: type 1 with multiple radiolucent lumen, 
type 2 with long diffuse or smooth stenosis, and 
type 3 with focal or tubular stenosis [20]. The dis-
section coexisting with acute myocardial injury and 
evidence of ischemia is type 2 of MI. If coronary 
arteries are non-obstructive (stenosis < 50%) 
the criteria of MINOCA are fulfilled [1, 21]. SCAD 
can be missed on coronary computed tomography 
angiography, therefore OCT or IVUS are applicable 
in unclear clinical scenarios [21].

Cardiac magnetic resonance imaging

The accuracy of CMR provides an unequivocal 
assessment of the etiology of myocardial injury, 
allowing the repeated distinction between acute 
vs. chronic myocardial injury. It also identifies the 
presence and involvement of myocardial inflam-
mation, thus providing a clear distinction between 
ischemic scar/fibrosis (extending from subendo-

cardium to endocardium) and non-ischemic scar/ 
/fibrosis (subepicardial, mid-wall, insertion points) 
in myocardial injury (Fig. 4) [1]. 

COVID-19 and myocardial infarction

Since the initial outbreak of the novel coro-
navirus disease — severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2)/coronavirus 
disease 2019 (COVID-19) — in December 2019, 
data from many countries (Italy, Spain, Switzer-
land, The United States of America) underline  
a dramatic drop in the number of ACS referrals to 
cardiovascular centers at the time of the COVID-19 
outbreak, moreover reduction of PCI in STEMI 
patients was 38% [22–25]. In addition, Legutko 
et al. [26] and Siudak et al. [27] showed a greater 
decline in the number of procedures for NSTEMI, 
unstable angina or chronic coronary syndrome 
than in those for STEMI (19.2% vs. 16.2%). What 
is more, the decline of PCI procedures in NSTEMI 
after lockdown reached about 30% [27]. Of course, 
the obvious consequence of this situation is the 
staggering growth in MI complications, such as 
increased morbidity and mortality. Among the 

Figure 4. The different patterns of scarring in post-con-
trast cardiac magnetic resonance images — late-gado-
linium enhancement.
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mechanisms potentially decreasing admission to 
hospitals during the COVID-19 pandemic are: 
fear of contagion, relaxing lifestyle, decrease of air 
pollution, increase in pain threshold, which leads 
to a higher prevalence of silent or near silent MIs 
[28]. The need for urgent treatment according 
to the guidelines while maintaining the safety of 
medical personnel is necessary. Of note, invasive 
coronary angiography in acute ST-segment eleva-
tion coronary syndrome cannot be neglected, even 
in COVID-19 patients with myocarditis pretending 
to be ACS.

Key points from STEMI  
and NSTE-ACS guidelines 

STEMI
—— Some patients with coronary artery occlusion 

or global ischemia do not have typical ST-seg-
ment elevation in ECG. However, patients with 
clinical manifestation of ongoing myocardial 
ischemia and other ECG patterns (e.g., bundle 
branch block, ventricular pacing, hyperacute 
T-waves, isolated ST-segment depression in 
anterior leads, and/or universal ST-segment 
depression with ST-segment elevation in aVR) 
should be qualified for a primary PCI. 

—— Non-invasive imaging in STEMI patients plays 
a crucial role in the acute phase and during 
long-term management.

—— The MINOCA coexisting with ST-segment 
elevation in ECG requires additional tests to 
diagnose the etiology and tailor proper man-
agement [29].

NSTE-ACS
—— Myocyte injury is related to the release of 

troponin as intracellular protein into the sys-
temic circulation and elevated troponin level is  
a marker of myocardial injury, not only  
a marker of MI. Troponin results should be 
interpreted in the clinical context. 

—— Patients with MINOCA can fulfil the crite-
ria of MI type 1 and type 2 [21]. The 2020 
NSTE-ACS guidelines have proposed a clinical 
algorithm to aid in the diagnosis of MINOCA, 
including different imaging tools such as echo-
cardiography, cardiac ventriculography, CMR, 
intravascular imaging (IVUS or OCT) and 
intracoronary functional testing (acetylcholine 
or ergonovine). The most important recom-
mendation seems to be to perform CMR in 
all MINOCA patients without an apparent 
underlying cause [20]. 

—— hs-cTn assays have a higher negative predictive 
value for acute MI than standard troponin tests.

—— Higher sensitivity and diagnostic accuracy for 
the diagnosis of MI enables shortening the 
time interval between the first and second  
hs-cTn assessment. The 0 h/1 h rule-in or 
rule-out algorithm first and 0 h/2 h second 
should be chosen. The cut-off values within 
both protocols are assay-specific and baseline 
level, acute change must be taken into account 
(1hD or 2hD). Additional blood draw after 3 h 
should be done if previous troponin assess-
ment (0 h/1 h) is inconclusive and clinical 
status still suggests ACS. A rule-out 0 h/3 h 
protocol is still recommended but with the 
lower level of recommendation [20].
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Abstract
Background: The presence of any underlying heart condition could influence outcomes during the 
coronavirus disease 2019 (COVID-19). 
Methods: The registry HOPE-COVID-19 (Health Outcome Predictive Evaluation for COVID-19, 
NCT04334291) is an international ambispective study, enrolling COVID-19 patients discharged from 
hospital, dead or alive.
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Results: HOPE enrolled 2798 patients from 35 centers in 7 countries. Median age was 67 years (IQR: 
53.0–78.0), and most were male (59.5%). A relevant heart disease was present in 682 (24%) cases. These 
were older, more frequently male, with higher overall burden of cardiovascular risk factors (hypertension, 
dyslipidemia, diabetes mellitus, smoking habit, obesity) and other comorbidities such renal failure, lung, 
cerebrovascular disease and oncologic antecedents (p < 0.01, for all). The heart cohort received more cor-
ticoids (28.9% vs. 20.4%, p < 0.001), antibiotics, but less hydroxychloroquine, antivirals or tocilizumab. 
Considering the epidemiologic profile, a previous heart condition was independently related with short-
term mortality in the Cox multivariate analysis (1.62; 95% CI 1.29–2.03; p < 0.001). Moreover, heart 
patients needed more respiratory, circulatory support, and presented more in-hospital events, such heart 
failure, renal failure, respiratory insufficiency, sepsis, systemic infammatory response syndrome and clini-
cally relevant bleedings (all, p < 0.001), and mortality (39.7% vs. 15.5%; p < 0.001).
Conclusions: An underlying heart disease is an adverse prognostic factor for patients suffering  
COVID-19. Its presence could be related with different clinical drug management and would benefit 
from maintaining treatment with angiotensin converting enzyme inhibitors or angiotensin receptor 
blockers during in-hospital stay. 
Trial Numbers: NCT04334291/EUPAS34399. (Cardiol J 2021; 28, 2: 202–214)
Key words: COVID-19, mortality, cardiology, registry, prognosis, heart disease 

Introduction

The recent outbreak of a zoonotic viral disease 
named coronavirus disease 2019 (COVID-19) [1] 
has been declared a pandemic by World Health Or-
ganization (WHO) [2]. With important morbimor-
tality [3], some early-published data have already 
pointed-out previous or underlying heart condi-
tions to be at higher risk for worse outcomes [4, 5]. 
Moreover, according to the American Centers for 
Disease Control and Prevention, elderly patients 
with comorbidities are at higher risk of becoming 
infected with COVID-19, especially those with cor-
onary heart disease, hypertension, or diabetes [6].  
In fact, some authors have suggested that the mor-
tality rate of this respiratory-borne coronavirus or 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) could be even higher in those with 
previous cardiovascular diseases than in patients 
with previous chronic respiratory diseases [7]. 
Furthermore, this is relevant since an important 
percentage of patients admitted for COVID-19 will 
present with an underlying cardiac problem. In  
a recent Chinese series, 25% had heart diseases, 
44% had arrhythmias, and 58% had hypertension [8].  
Additionally, there is preliminary evidence sug-
gesting that the responsible virus affects primarily 
the cardiovascular system and the heart itself with 
direct myocardial injury among other deleterious 
mechanisms [9, 10]. 

Taken together, to sum up, there is growing 
evidence that underlying cardiovascular conditions 
lead to a higher likelihood of COVID-19 infection, 

more severe disease progression, and higher risk 
for mortality [11]. Moreover, the pandemic has 
posed a major impact in the treatment of regular 
heart diseases [12]. 

We analyze herein, the clinical profile, pres-
entation and influence of previous treatments, 
primarily focusing on the mortality of patients 
with any underlying heart condition hospitalized 
because of COVID-19. 

Methods

The present study was approved by the ethics 
committee of the promoting center, and was ap-
praised and accepted by institutional board or local 
committees as well. Written informed consent was 
waived because of its anonymized observational 
design. All local principal researchers reviewed 
the draft and vouch for the accuracy and veracity 
of data. A complete list of hospitals, investigators, 
collaborators and definitions is available in the 
Supplementary Appendix. 

Study design and participation criteria
The registry HOPE-COVID-19 (Health 

Outcome Predictive Evaluation for COVID-19, 
NCT04334291) is an international investigator-
initiated study without conflicts of interest [13]. 
It was designed as an ambispective cohort, real 
life all-comers type, without any financial remu-
neration for researchers. Patients were eligible for 
enrollment when discharged after an in-hospital 
admission with a positive COVID-19 test or if their 
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attending physicians considered them highly likely 
to have presented the infection. Confirmed cases 
were those with positive throat swab samples tested 
using real-time reverse transcriptase–polymerase 
chain reaction assays according to the WHO recom-
mendations. All decisions and clinical procedures 
were performed by the attending physician team 
independently of this study following the local regu-
lar practice and protocols. The data was collected in 
electronic format in a secure online database (www.
HopeProjectMD.com). The information presented 
here correspond to the HOPE COVID-19 Registry 
with a cutoff performed on April 18th, 2020. 

Definitions, objectives and study outcomes
A pragmatic definition of heart disease was 

adopted and divided into various groups according 
to the local research team, led by two experienced 
physicians. Any heart disease was considered 
when it was stated in the clinical history and/or  
the patient was receiving medication for that pur-
pose. The following categories for the main heart 
problem of every patient were accepted: arrhyth-
mias, coronary artery disease, heart failure or car-
diomyopathy, heart valve disease, combined (when 
various of the former problems were present to  
a clinically relevant degree) and non-specified or other  
different from the mentioned groups (i.e. congenital 
heart disease). Study definitions are available in the 
appendix and online in the study webpage. 

The objectives were:
—— comparing the epidemiological and clinical pro-

files and management of COVID-19 patients 
with vs. without previous heart disease;

—— determining the prognostic impact of an un-
derlying heart disease on mortality;

—— identifying independent predictors of mortality 
in the group with underlying heart disease.
The reference primary end-point was con-

sidered all-cause mortality. Other events were 
recorded as secondary end-points, such as invasive 
mechanical ventilation, non-invasive mechani-
cal ventilation, prone, respiratory insufficiency, 
heart failure, renal failure, upper respiratory tract 
involvement, pneumonia, sepsis, systemic inflam-
matory response syndrome, clinically relevant 
bleeding, hemoptysis and embolic events. Events 
were allocated following local researcher criteria 
upon HOPE COVID-19 registry definitions. 

Statistical analysis
Data are presented as mean ± standard deviation 

for continuous variables with a normal distribution, 
median (interquartile range [IQR]) for continuous 

variables with a non-normal distribution, and as 
frequency (%) for categorical variables. The Student 
t-test and the Mann-Whitney U-test were used to 
compare continuous variables with normal and non-
normal distributions, when needed. The Chi-squared-
test was used to compare categorical variables. Given 
the multiplicity of variables, only factors with p < 0.05 
on the mentioned univariate analysis were entered 
into the Cox multivariate analysis. Mortality analysis 
was performed using the Kaplan-Meier estimates and 
log-rank tests to compare factors. Statistical analysis 
was completed with SPSS statistics v24.0 (SPSS, Inc., 
Chicago, IL, USA) in all analyses. All tests were two-
-sided, and a p-value less than 0.05 was considered 
statistically significant.

Results

Finally, 2798 patients were enrolled in HOPE 
registry up to 18th April, 2020, from 35 centers in 
25 cities and 7 countries (Canada, China, Cuba, 
Ecuador, Germany, Italy, and Spain) (Fig. 1).  

Epidemiologic and clinical profiles
The median age was 67 years (IQR 53.0–78.0), 

and most were male (60%). The most frequent co-

Figure 1. Study flow diagram.

Valid patients included in HOPE-COVID-19
th(18  April 2020)

Without relevant 
heart disease

2798
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With relevant 
heart disease

DEAD
270

ALIVE
410

Arrhythmias: 215
Coronary: 198
Heart failure/myopathy: 59
Valve: 78
Combined: 115
Other/non specied: 17

Vital status 
unknown

2116

2
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morbidities were hypertension (49%) and dyslipi-
demia (35.1%). A relevant heart disease [13] was 
recorded in 682 (24%) cases. Further details are 
displayed, stratified by the presence of any heart 
disease or not, in Table 1. In the heart-disease 
cohort, deceased heart patients were older (p <  
< 0.001) and more frequently male (58.5% vs. 
65.8%, p = 0.001), with a higher overall burden 
of cardiovascular risk factors (hypertension, dys-
lipemia, diabetes mellitus, smoking habit, obesity, 
p < 0.01 for all) and other comorbidities such  
as chronic renal failure, any lung disease, cere
brovascular disease and oncologic antecedent  
(p < 0.01, for all). 

Regarding previous treatments, signs and 
symptoms, Table 1 displays the main findings, 
compared with patients without heart disease. 

In addition, Table 2 presents the main analytic 
findings at the time of admission and in hospital 
management strategies. Chest X-ray exhibited any 
acute lung abnormality in more than 70%, mostly 
bilateral (57.6%). In this setting, heart patients 
needed more respiratory and circulatory support 
and presented higher in hospital events (Table 3).  
The specific drug most frequently used was hy-
droxychloroquine (72%), followed by antibiotics 
and any antiviral drug (mostly lopinavir/ritonavir). 
Nevertheless, the heart disease group received  
a different pattern of treatment, characterized by 
more systemic corticoids, antibiotics, but less hy-
droxychloroquine, antivirals or tocilizumab (Table 2).

Influence of a previous heart condition
Assessing the whole sample epidemiologic 

profile, gender (male), age (increasing) and the 
presence of hypertension, dyslipemia, diabetes 
mellitus, obesity (body mass index > 30), renal 
insufficiency, any lung disease, any heart disease, 
previous cerebrovascular condition, connective or 
liver disease, any cancer or immunosuppressive 
condition displayed a significantly higher mortality 
(p < 0.01 in all) in the univariate analysis. 

Considering these variables in the multivariate 
assessment (Table 4), the following factors were 
considered independent risk factors: age, hyperten-
sion, chronic renal failure, any cancer and any heart 
disease (hazard ratio [HR] 1.62; 95% confidence 
interval [CI] 1.29–2.03).  

Outcomes inside the heart disease cohort
Focusing on those with an underlying heart 

condition, these patients presented higher mortal-
ity (39.7% vs. 15.5%, non-adjusted odds ratio [OR] 
3.58; 95% CI 2.95–4.34; p < 0.001; Figs. 2, 3).  

Heart patients, also, suffered more frequent in-
hospital events, such as heart failure, acute renal 
failure, respiratory insufficiency, sepsis, systemic 
infammatory response syndrome and clinically rel-
evant bleedings, (all, p < 0.001). Table 3 discusses 
this further and depicts the raw in-hospital events 
regarding the type of relevant heart condition group.

In the multivariate analysis for mortality, con-
sidering only the heart disease group, the following 
were included in the final model: age 70 years or 
more, hypertension, diabetes mellitus, chronic 
renal failure, use of oral anticoagulants, Vitamin D  
supplements, myalgia/arthralgia, O2 saturation  
< 92%, decreased blood pressure, elevated D di-
mer, elevated C reactive protein, elevated lactate 
dehydrogenase (LDH), invasive mechanical ven-
tilation, prone during admission, use of corticoids, 
hydroxychloroquine and angiotensin converting 
enzyme inhibitors/angiotensin receptor blockers 
(ACEIs/ARBs) during admission. Tachypnea and 
use of high flow nasal cannulas were excluded for 
potential collinearity with other variables (O2 satu-
ration and mechanical ventilation). Of those, age 
(HR 4.3; 95% CI 2.23–8.28), hypertension (HR 1.7; 
95% CI 1.01–2.89), O2 saturation < 92% (HR 3.59; 
95% CI 2.43–5.31), an elevated LDH (HR 1.66; 
95% CI 1.01–2.73), the use of mechanical ventila-
tion (HR 2.11; 95% CI 1.17–3.80) remained in the 
model as risk factors while the use of in hospital 
ACEIs/ARBS (HR 0.34; 95% CI 0.20–0.49) and 
hydroxychloroquine (HR 0.69; 95% CI 0.45–0.99) 
resulted as potential protective factors. 

Discussion

The present study is a cohort study among 
patients with COVID-19 after discharge, reviewing 
the direct impact on mortality of previous heart 
diseases. 

Regarding COVID-19, any kind of heart dis-
ease is probably a truly relevant condition. First, 
because compared to the general population, 
the incidence of cardio-cerebrovascular disease 
in patients with COVID-19 is much higher [14]. 
Second, because patients with hypertension, 
cardio-cerebrovascular diseases or diabetes are 
more likely to develop into severe/intensive care 
unit (ICU) cases or die after SARS-CoV-2 infection 
[5, 7, 14]. The overall proportion of hypertension, 
cardio-cerebrovascular problems and diabetes were 
about two-fold, three-fold and two-fold, respec-
tively, higher in ICU/severe cases than in their 
non-ICU/severe counterparts [14]. In the present 
cohort, it was observed that outcomes of patients 
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Table 1. Clinical features, previous treatments and presentation symptoms before admission overall 
and stratified among patients with heart disease or without heart disease. 

All patients*
N = 2798

No./total no. (%)

Heart disease** P

Absent (N = 2116)   Present (N = 682)
No./total no. (%)

Age [years]

Median (IQR) [years] 

Distribution [years]: 

   0–14

   15–49

   50–64

   ≥ 65

/2788

67 (53.0–78.0)

24 (0.9)

540 (19.4)

674 (24.2)

1544 (55.5) 

/2109

63 (49–74)

22 (1.0)

514 (24.4)

592 (28.1)

981 (46.5)

/679

75 (70–85)

2 (0.3)

26 (3.8)

83 (12.2)

568 (83.7)

< 0.001

Gender:

   Female

   Male

/2798

1111 (39.7)

1687 (59.5)

878 (41.5)

1238 (58.5)

233 (34.2)

449 (65.8)

0.001

Race:

   Caucasian

   Latin

   Asian

   Black

   Other

/2798

2351 (84.0)

357 (12.8)

34 (1.2)

32(1.1)

24 (0.9)

1743 (82.4)

301 (14.2)

32 (1.5)

21 (1.0)

19 (0.9)

608 (89.1)

56 (8.2)

2 (.3)

11 (1.6)

45(0.3)

< 0.001

Hypertension

   Yes

/2784

1370 (49.2)

/2106

1265 (60.1)

/678

149 (22.0)

< 0.001

Dyslipidemia

   Yes

/2767

971 (35.1)

/2099

602 (28.7)

/668

369 (55.2) 

< 0.001

Diabetes mellitus (1 or 2)

   Yes

/2677

482 (18.0)

/2039

292 (14.3)

/638

190 (29.8)

< 0.001

Obesity (BMI > 30 kg/m2)

   Yes

/2023

459 (22.7)

/1527

324 (21.2)

/496

135 (27.2)

0.006

CRI 

   Yes

/2681

192 (7.2)

/2045

97 (4.7)

/636

95 (14.9)

< 0.001

Smoking habit:

   No

   Current

/2494

2321 (93.1)

173 (6.9)

/1887

1764 (93.5)

123 (6.5)

/607

557 (91.8)

50 (8.2)

0.147

Lung disease:

   No

   Asma

   COPD

   Interstitial

   Restrictive

   Other

2266 (81.0)

146 (5.2)

197 (7.0)

19 (0.7)

23 (0.8)

147 (5.3)

171 (83.7)

121 (5.7)

108 (5.1)

9 (0.4)

13 (0.6)

94 (4.4)

495 (72.6)

25 (3.7)

89 (13.0)

10 (1.5)

10 (1.5)

53 (7.8)

< 0.001

Any cancer

   Yes

/2710

367 (13.5)

/2056

240 (11.7)

/654

127 (19.4)

< 0.001

Any immunosuppressive disease
   Yes

/2491
195 (7.8)

/1888
137 (7.3)

/603
58 (9.6)

0.060

Æ
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Table 1 (cont.). Clinical features, previous treatments and presentation symptoms before admission 
overall and stratified among patients with heart disease or without heart disease. 

All patients*
N = 2798

No./total no. (%)

Heart disease** P

Absent (N = 2116)   Present (N = 682)
No./total no. (%)

Dependency level:
   Not disclosed
   None
   Partially
   Totally 

53 (1.9)
2397 (85.7)

249 (8.9)
99 (3.5)

38 (1.8)
1903 (89.9)

115 (5.4)
60 (2.8)

15 (2.2)
494 (72.4)
134 (19.6)

39 (5.7)

< 0.001

Home oxygen therapy
   Yes

/2762
93 (3.4)

/2089
50 (2.4)

/673
43 (6.4) 

< 0.001

ASA
   Yes

/2747
429 (15.6)

/2076
191 (9.2)

/671
238 (35.5) 

< 0.001

Oral anticoagulation
   Yes

/2732
322 (11.8)

/2064
33 (1.6)

/668
289 (43.3) 

< 0.001

ACEIs/ARBs
   Yes

/2759
979 (35.5)

/2092
596 (28.5)

/667
383 (57.4) 

< 0.001

Beta-blockers
   Yes

/2740
483 (17.7)

/2067
129 (6.2)

/673
354 (52.6)

< 0.001

Inhaled beta agonist
   Yes

2737
289 (10.6)

/2080
169 (8.1)

/657
120 (18.3)

< 0.001

Inhaled corticoids
   Yes

/2743
241 (8.8)

/2078
150 (7.2)

/665
91 (13.7)

< 0.001

Vitamin D supplements
   Yes

/2718
287 (10.6)

/2067
165 (8.0)

/651
122 (18.7)

< 0.001

Tachypnea (> 22 bpm)
   Yes

/2640
666 (25.2)

/2001
443 (22.1)

/639
223 (34.9)

< 0.001

Hypo-anosmia
   Yes

/2510
176 (7.0)

/1892
143 (7.6)

/618
33 (5.3)

0.061

Dysgeusia
   Yes

/2507
198 (7.9)

/1889
157 (8.3)

/618
41 (6.6)

0.180

Sore throat
   Yes

/2728
1889 (69.2)

/260
158 (60.7)

/399
257 (64.4)

0.005

Fever
   Yes

/2754
2235 (81.2)

/2085
1735 (83.2)

/669
500 (74.7)

< 0.001

Cough 
   Yes

/2734
1893 (69.2)

/2073
1477 (71.2)

/661
416 (62.9)

< 0.001

Diarrhea
   Yes

/2632
510 (19.4)

/1992
411 (20.6)

/640
99 (15.5)

0.004

Myalgia/arthralgia
   Yes

/2651
884 (33.3)

/2009
713 (35.5)

/642
171 (26.6)

< 0.001

O2 saturation < 92%
   Yes

/2699
893 (33.1)

/2043
572 (28.0)

/656
321 (48.9)

< 0.001

Abnormal BP (SBP < 90/< 60 mmHg)
   Yes

/2758
109 (5.2)

/2091
109 (5.2)

/667
81 (12.1)

< 0.001

*Some data are missing at the time of interim analysis. Calculations and percentages are expressed upon the recorded data as are displayed 
in the table (recorded/total available). 
**Comparisons and p values are applied to heart disease absence or presence. 
ACEI/ARB — angiotensin converting enzyme inhibitors/angiotensin receptors blockers; ASA — acelylsalicylic acid; BMI — body mass index; 
BP — blood pressure; CRI — chronic renal insufficiency; COPD — chronic obstructive pulmonary disease; SBP — systolic blood pressure
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Table 2. Relevant analytical results (early at admission) and in hospital management regarding the 
presence of heart disease or no presence of heart disease. 

All patients*
N = 2798

Heart disease** P

Absent (N = 2116) Present (N = 682)

Elevated D dimer
   Yes

/2394
1538 (64.2)

/1825
1140 (62.5)

/569
398 (69.9)

0.001

Elevated procalcitonin
   Yes

/2146
527 (24.6)

/1631
376 (23.1)

/515
151 (29.3)

0.004

Elevated C reactive protein
   Yes

/2724
2456 (90.2)

/2059
1831 (88.9)

/665
625 (94.0)

< 0.001

Elevated troponin
   Yes

/1325
222 (16.8)

/969
119 (12.3)

/356
103 (28.9)

< 0.001

Elevated LDH
   Yes

/2503
1820 (72.7)

/1889
1350 (71.5)

/614
470 (76.5)

0.014

Elevated creatinine (> 1.5 mg/dL)
   Yes

/2319
375 (16.2)

/1764
223 (12.6)

/555
152 (27.4)

< 0.001

White count cell (≤ 4000/µL)
   Yes

/2709
462 (17.1)

/2056
354 (17.2)

/653
108 (16.5)

0.688

Lymphocytes count (≤ 1500/µL)
   Yes

/2625
1980 (75.4)

/2000
1474 (73.7)

/625
506 (81.0)

< 0.001

Hemoglobin levels (≤ 12 g/dL)
   Yes

/2695
681 (25.3)

/2047
427 (20.9)

/648
254 (39.2)

< 0.001

Platelet counts (≤ 150,000/µL)
   Yes

/2701
728 (27.0)

/2053
483 (23.5)

/648
245 (37.8)

< 0.001

MANAGEMENT 

High flow nasal cannula
   Yes

/2686
492 (18.3)

/2026
325 (16.0)

/660
167 (25.3)

< 0.001

Noninvasive mechanical ventilation
   Yes

/2684
390 (14.5)

/2026
277 (13.7)

/658
113 (17.2)

0.027

Invasive mechanical ventilation
   Yes

/2646
168 (6.3)

/2008
127 (6.3)

/638
41 (6.4)

0.927

Prone during admission
   Yes

/2665
246 (9.2)

/2018
191 (9.5)

/647
55 (8.5)

0.461

Circulatory/ECMO support
   Yes

/948
4 (0.4)

/754
3 (0.4)

/194
1 (0.5)

0.822

Use of corticoids
   Yes

/2693
604 (22.4)

/2039
415 (20.4)

/654
189 (28.9)

< 0.001

Use of hydroxichloroquine
   Yes

/2728
2306 (84.5)

/2067
1775 (85.9)

/661
531 (80.3)

0.001

Use of antivirals
   Yes

/2726
1795 (65.8)

/2066
1415 (68.5)

/660
380 (57.6)

< 0.001

Use of tocilizumab
   Yes

/2681
183 (6.8)

/2036
153 (7.5)

/645
30 (4.7)

0.012

Use of antibiotics
   Yes

/2625
1953 (74.4)

/1993
1459 (73.2)

/632
494 (78.2)

0.013

Use of ACEIs/ARBs during stay
   Yes

/2598
464 (17.9)

/1981
291 (14.7)

/617
173 (28.0)

< 0.001

*Some data are missing at the time of interim analysis. Calculations and percentages are expressed upon the recorded data as are displayed 
in the table (recorded/total available). 
**Comparisons and p values are applied to heart disease absence or presence.
ACEI/ARB — angiotensin converting enzyme inhibitors/angiotensin receptors blockers; ECMO — extracorporeal membrane oxygenation;  
LDH — lactate dehydrogenase
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Table 4. Variables remaining in the model regarding mortality (multivariate analysis by Cox regression; 
backward: Wald)*. 

Characteristic Hazard ratio 95% confidence interval P

Age 70 years or more 4.05 3.02–5.42 < 0.001

Hypertension 1.39 1.07–1.81 0.013

Any heart condition 1.62 1.29–2.03 < 0.001

Chronic renal failure 1.80 1.38–2.37 < 0.001

Any cancer 1.36 1.06–1.76 0.016

Any cerebrovascular condition 1.30 0.98–1.74 0.070

Variables included in the clinical model*: For modeling purposes, at this point only age, gender and relevant comorbidities were considered. 
Thus, those variables with p values< 0.05 regarding mortality were included in the multivariate analysis. The variables accepted were: age  
70 years or more, gender, race, hypertension, dyslipemia, diabetes mellitus, obesity, chronic renal failure, any lung disease, cerebrovascular 
conditions, any heart disease, connective disease, any cancer, immunosuppressive condition, and any liver disease. The reference value was 
the absence of the precise condition. Previous medications were excluded for potential collinearity with the other mentioned variables  
(comorbidities)

Figure 2. The Kaplan-Meier survival analysis stratifying for gender and age; T0 = admission date; Considering only 
females (A) or males (B), less than 70 years old (C) and ≥ 70 years old (D). 
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with any heart disease were clearly worse regard-
ing mortality and other in-hospital complications. 
Overall, these findings suggest that preexisting 
heart problems marked a frailty point for COVID-19 
patients warranting close surveillance, intensive 
management and were considered low threshold 
for admission. 

On the other hand, at least 8.0% of COVID-19 
patients suffered any kind of acute cardiac injury, 
but further analysis pointed out that the incidence 
of myocardial injury is much higher in ICU/severe 
patients, about 13-fold more than non-ICU/cardiac 
patients [9, 14].

Obviously, part of this frailty can be explained 
because of a different clinical profile (elderly, more 
cardiovascular risk factors, renal disease and other 
COVID-19 factors) among heart and no-heart dis-
ease cohort, but not entirely. Altogether, heart 
disease seems to be primarily a risk factor for bad 
prognosis in COVID-19 [15]. This way, usually 
cardiovascular involvement measured by troponin 
levels and cardiovascular complications are higher 
in heart disease patients, as we observed in HOPE.

This is expected because it has been reported 
that the COVID-19, which supposes a severe global 
aggression, could primarily involve the heart and 
cardiovascular systems. Several mechanisms are 
at play in this regard, either by direct or indirect 
mechanisms, in adults but also in infants [11, 15]. 
Anyway, elevated cardiac troponin seems to point 
toward a worse prognosis [16]. 

The viral (SARS-CoV-2) infection is prompted by 
the binding of the virus’ spike protein to angiotensin-
converting enzyme 2 (ACE2) [16]. The expression of 
this ACE2 in the heart has been described to be lower 
than that in other organs, such as the intestine and 
kidney, but higher than in the lung which serves as  
a main target organ of the virus, indicating a potential 
infection susceptibility of the human heart [17, 18]. In 
some specific circumstances, this heart susceptibility 
could be theoretically higher, since ACE2 expression 
has been reported to be significantly increased in 
patients with heart failure, post myocardial infarction 
and diabetes [18–20]. 

Some of the proposed pathophysiological 
mechanisms would be: 
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—— Direct heart damage. Viral infection directly 
causes damage to cardiomyocyte. According 
to Oudit et al. [21], SARS-CoV viral RNA was 
detected in 35% of autopsied human heart 
samples from SARS-CoV infected patients 
during the past Toronto SARS outbreak. Of 
note, SARS-CoV and SARS-CoV-2 present 
high structural similarity between their re-
ceptor-binding domains [22]. Additionally, 
virus-infected cells can be injured, subse-
quently disturbing the micro-environment of 
the myocardium. SARS-CoV-2 infection in the 
human heart might attack pericytes as well, 
produce endothelial shedding and cause capil-
lary dysfunction and induce micro-circulation 
disorders [15, 18]. In our series, the specific 
type of heart disease with higher mortality 
with frequent in-hospital complications was 
heart failure/myopathy suggesting that struc-
turally weaker hearts could pose higher frailty.  

—— Hypoxia-induced myocardial injury. Because 
of lung pathology, pneumonia, respiratory dis-
tress syndrome, or the previously mentioned 
macro or micro vessel direct toxicity [15]. This 
condition, decreases the cell energy supply, 
leading to anaerobic fermentation, producing 
intracellular acidosis and oxygen free radicals 
to dismantle the phospholipid layer of the cell 
membrane. Moreover, hypoxia-induced influx 
of calcium also primes to injury and apoptosis 
of cardiac cells [15]. 

—— Production of procoagulant factors predispos-
ing to thrombosis, similar to the increase of 
myocardial infarctions reported after influenza 
infection [15, 23]. In fact, abnormal coagulation 
parameters and disseminated intravascular 
coagulation has been noted in COVID-19 [15] 
potentially contributing to damage the myocar-
dium through thrombosis or ischemic events.  

—— Local inflammation. Although there are early 
reports of myocarditis [24], even fulminant, the 
exact mechanism is not clear, since lympho-
cyte infiltrates were not found in COVID-19  
patients’ autopsy [15, 25].  

—— Probably, a significant depletion and dysregula-
tion of T cells can probably contribute to the 
cytokine storm (increased IL-2, IL-6, IL-10, 
GCSF, IFN-g, MCP-1 and TNF-a) leading to 
the multiorgan damage setting depicted in 
COVID-19. Cardiac damage by this deleterious 
condition could be analogous to that reported 
in CAR-T (chimeric antigen receptor T cell 
therapies used in relapsing hematological 
malignancies). 

Finally, last but not least, many specific drugs 
used for COVID-19 can cause cardiac side effects, 
arrhythmias or other cardiovascular disorders 
(hydroxychloroquine, antivirals, antibiotics, some 
immunomodulators). Different drug patterns were 
found when comparing patients with and without 
heart conditions. Therefore, during treatment of 
this condition, especially with the use of certain 
drugs, the risk of cardiac toxicity must be closely 
monitored, but to avoid depriving heart patients 
of potentially beneficial treatments. On the other 
side, special attention should be given to cardio-
vascular protective measures during management 
of COVID-19, since those patients have high risk 
of complications [13, 25–27]. In this aspect, the 
crucial role of ACEIs/ARBs needs to be taken 
into account [9, 10, 28, 29]. Despite under scien-
tific review, preliminary data seem to warrant its 
maintenance in patients already on these meds at 
admission. Additionally, the present findings dis-
play a potential mortality benefit when maintaining 
these treatments in this setting (OR 0.34; 95% CI 
0.20–0.49; p < 0.001; Table 4).

Limitations of the study
The main limitation is set by the study ob-

servational design and selecting only cases with 
higher risk profile or severe forms needing hos-
pital admission. In addition, the definition of the 
variables, the specific type and degree of heart 
disease and the reporting for the events could 
present certain grade of variation among cent-
ers, countries and the precise moment in their 
pandemic curve. However, this would probably 
reflect the variation that medical practice has in 
real life. About the treatment applied, at all times 
it was decided by the attending physician. While 
these observations give us an overall idea of the 
treatment of the disease in this precise cohort, 
they do not produce information as robust as  
a clinical trial would do [30]. 

Thus, the only aim was to generate hypoth-
eses; nevertheless, HOPE’s present analysis 
probably reveals a pragmatic depiction of the 
outcomes and prognosis of patients with prevalent 
heart conditions who are admitted with COVID-19,  
a challenge for modern medicine [30, 31].

Conclusions

An underlying heart disease is an adverse 
prognostic factor for patients suffering COVID-19. 
Its presence could be related with varying clinical 
drug management and could benefit from main-
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taining treatment with ACEIs or ARBs during 
in-hospital stay.  
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Abstract
Background: The MitraClip procedure was established as a therapeutic alternative to mitral valve 
surgery for symptomatic patients with severe mitral regurgitation (MR) at prohibitive surgical risk. In 
this study, the aim was to evaluate 5-year outcomes after MitraClip.
Methods:  Consecutive patients undergoing the MitraClip system were prospectively included. All 
patients underwent clinical follow-up and transthoracic echocardiography. 
Results: Two hundred sixty-five patients (age: 81.4 ± 8.1 years, 46.7% female, logistic EuroSCORE: 
19.7 ± 16.7%) with symptomatic MR (60.5% secondary MR [sMR]). Although high procedural success 
of 91.3% was found, patients with primary MR (pMR) had a higher rate of procedural failure (sMR: 
3.1%, pMR: 8.6%; p = 0.04). Five years after the MitraClip procedure, the majority of patients pre-
sented with reduced symptoms and improved functional capacity (functional NYHA class: p = 0.0001; 
6 minutes walking test: p = 0.04). Sustained MR reduction (≤ grade 2) was found in 74% of patients, 
and right ventricular (RV) function was significantly increased (p = 0.03). Systolic pulmonary artery 
pressure (sPAP) was significantly reduced during follow-up only in sMR patients (p = 0.05, p = 0.3). 
Despite a pronounced clinical and echocardiographical amelioration and low interventional failure, 
5-year mortality was significantly higher in patients with sMR (p = 0.05). The baseline level of creati-
nine (HR: 0.695), sPAP (HR: 0.96) and mean mitral valve gradient (MVG) (HR: 0.82) were found to 
be independent predictors for poor functional outcome and mortality. 
Conclusions: Transcatheter mitral valve repair with the MitraClip system showed low complication 
rates and sustained MR reduction with improved RV function and sPAP 5 years after the procedure was 
found in all patients, predominantly in patients with sMR. Despite pronounced functional amelioration 
with low procedure failure, sMR patients had higher 5-year mortality and worse outcomes. Baseline 
creatinine, MVG, and sPAP were found to be independent predictors of poor functional outcomes and 
5-year mortality. (Cardiol J 2021; 28, 2: 215–222)
Key words: MitraClip, transcatheter mitral valve repair, long-term outcomes,  
mitral regurgitation

Introduction

Mitral regurgitation (MR) is the second most 
frequent valve disease, with an increasing preva-

lence in elderly (> 75 years) patients, and is related 
to reduced functional capacity and impaired quality 
of life. Transcatheter mitral valve repair (TMVR) 
with the MitraClip system (Abbot Vascular, Inc., 
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Santa Clara, California) is a therapeutic alterna-
tive to mitral valve (MV) surgery in symptomatic 
patients with moderate to severe MR at prohibitive 
surgical risk [1–3]. TMVR with the MitraClip pro-
cedure can be successfully performed in patients 
with secondary MR (sMR) and primary MR (pMR) 
if mitral valve (MV) anatomy is suitable [4]. Its 
clinical efficacy and safety have been proven in  
a large number of patients [4–6].

Acute procedural success rates are reported 
to be up to 99% and are followed by symptomatic 
improvement in about 80% of cases [7].

A high baseline systolic pulmonary artery 
pressure (sPAP), an elevated baseline mitral valve 
mean gradient (MVG), concomitant chronic kidney 
disease, anemia, peripheral artery disease, and tri-
cuspid regurgitation have been previously reported 
as independent predictors of poor short-term out-
comes after MitraClip procedures [8, 9, 10].

Although more than 70,000 patients have 
undergone MitraClip procedures to date, data on 
long-term outcome and durability of MR reduction 
are limited, and parameters predicting adverse 
long-term outcomes are not well defined.

The objectives of the present study were to 
evaluate functional and echocardiographic long-
term outcomes 5 years subsequent to transcatheter 
edge-to-edge mitral valve repair with the MitraClip 
procedure in a single high-volume center and as-
sess predictors of poor outcomes.

Methods

Patients and endpoints
In this single-center study, consecutive patients 

undergoing TMVR with the MitraClip system were 
prospectively included. From February 2011 to 
February 2014 symptomatic (New York Heart As-
sociation [NYHA] functional class > II), and surgi-
cal high-risk patients with moderate-to-severe MR 
were evaluated for TMVR. All patients underwent 
TMVR following heart team judgement accord-
ing to surgical high-risk (logistic EuroSCORE II  
> 10%).

All patients underwent clinical and echocar-
diographic examinations before and 5 years after 
the MitraClip procedure.

According to Mitral Valve Academic Research 
Consortium (MVARC) definitions, the primary 
endpoint was defined as all-cause mortality [11]. 
The secondary endpoint was an improvement 
in functional capacity: NYHA functional class at 
follow-up was < II; 25% amelioration in exercise 
capacity (six minute walk test [6MWT]). 

The study was authorized by the local ethics 
committee and in accordance with the Declaration 
of Helsinki. All patients signed written, informed 
consent before study inclusion.

Echocardiography and follow-up  
assessment

Echocardiographic assessment before and 
after TMVR was done following current recom-
mendations and guidelines which included a com-
prehensive echocardiography [4, 12]. The severity 
of MR was graded using the radius of proximal 
isovelocity surface area (PISA radius), effective 
regurgitant orifice area (EROA), as well as vena 
contracta (VC) width and regurgitant volume. 
EROA and regurgitation volume were calculated 
using the semi-quantitative PISA-method [13]. 
The echocardiographic studies were performed 
with a commercially available echocardiographic 
system (iE 33, Philips Medical Systems, Andover, 
Massachusetts) and echocardiography probes 
(X5-1, X7-2t) allowing acquisition of two- (2D) and 
three-dimensional (3D) data sets. sPAP was esti-
mated from Doppler-based tricuspid regurgitation 
systolic peak velocity according to use of the modi-
fied Bernoulli equation (Delta-pressure: 4 × ve- 
locity) to approximate differences of pressure 
between the right ventricle and the right atrium. 

The echocardiographer who performed follow-
up evaluation was blinded to procedural outcomes 
and patient characteristics. Trained personnel car-
ried out clinical follow-up evaluation, unattended 
by the interventionalists or procedural echocardio
grapher.

Interventional edge-to-edge repair of MR 
Procedural details of TMVR with the MitraClip 

system have been described previously [14, 15]. 
During the MitraClip procedure, acute changes 
of MR severity were assessed by intraprocedural 
transesophageal echocardiography as supposed 
by Armstrong and Foster [16], and Wunderlich and 
Siegel [17]. Acute procedural success was defined 
as a reduction of MR by at least one grade having 
a residual MR < 2+. The number of clips required 
for procedural success was left to the discretion 
of the treating physician. Before the clip release, 
echocardiography was performed to exclude clini-
cally relevant MV stenosis (mean MVG > 5 mmHg).

Statistical analysis
Normal distribution of continuous variables 

was examined using the Kolmogorov–Smirnov test. 
Continuous data were expressed as mean values ± 
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standard deviation. The Student two-sample t-test  
or the Mann-Whitney-U test was performed to 
compare continuous variables. The Fisher exact 
test or c2 test was used to compare categorical 
data. Two-tailed p-values were considered to be sig-
nificant if ranging below 0.05. Univariate analysis 
was performed to assess the impact of etiology of 
MR on clinical outcomes. The predictors of 5-year 
mortality were estimated employing the Cox pro-
portional regression analysis. Survival and cumu-
lative incidence of re-do in groups were compared 
using the Log-rank test and were estimated with the 
Kaplan-Meier curve. The regression and receiver 
operating characteristic (ROC) analysis were per-
formed to determine independent predictors with 
cut-off values of functional outcomes and mortality.

Statistics were performed using SPSS for 
Windows (PASW statistic, Version 20.0.0.0, SPSS 
Inc., Chicago, Illinois, USA). 

Results

Baseline data and procedural outcomes
Two hundred sixty-five consecutive, surgical 

high-risk patients (81.4 ± 8.1 years, 46.7% female, 
Logistic EuroSCORE: 19.7 ± 6.7%, 60.5% sMR) 
underwent TMVR with the MitraClip system, and 
the majority of patients (88%, n = 233) completed 

a 5-year follow-up including physical, laboratory and 
echocardiographical examinations. Patients lost to 
follow-up (n = 32) were contacted concerning quality 
of life, complaints and hospitalization via telephone.

The baseline characteristics are presented in 
Table 1. There were no differences between groups 
in demographic baseline characteristics. However, 
at baseline, patients with sMR presented worse 
functional capacity (6MWT: 253.3 ± 107.7 m vs. 
267.1 ± 160.2 m; p = 0.2; NYHA > III: 44.2% vs. 
13.8%; p = 0.06) compared to patients with pMR.

The procedure was successfully performed 
in 242 (91.3%) patients with implantation of more 
than one clip in 32% of cases. Six MitraClip pro-
cedures were aborted due to relevant MV stenosis 
(MVG > 5 mmHg) after the clip closure. Four of 
those patients were treated for pMR. 13 procedures 
were aborted due to irreducible MR. 

Of note, there was no procedural-related 
mortality, 10 (23.8%) patients had minor bleeding, 
and one patient had pericardial tamponade, which 
could be effectively treated with pericardiocente-
sis. All acute complications could be successfully 
managed before discharge. Overall, interventional 
failure rates were low, however, patients with 
pMR showed statistically significant higher inter-
ventional failure rates (pMR: 8.6%, sMR: 3.1%;  
p = 0.04). 

Table 1. Baseline demographical characteristics.

All patients (n = 265) sMR (n = 160) pMR (n = 105) P

Gender (female) 46.7% 40.9% 56.7% 0.1

Age [years] 81.4 ± 8.1 79.1 ± 8.7 84.6 ± 5.7 0.1

BMI [kg/m2] 25.4 ± 4.2 26 ± 4.6 24.5 ± 3.4 0.1

Logistic EuroScore [%] 19.7 ± 16.7 21.4 ± 17.5 16.9 ± 15.2 0.3

NYHA ≥ II 100% 100% 100% 1

NYHA III 68.1% 55.8% 86.2%

NYHA IV 31.9% 44.2% 13.8% 0.06

Chronic heart failure 70.7% 81.4% 66.7% 0.1

Coronary heart diesease 71.4% 75.9% 65% 0.3

Arterial hypertension 66.7% 70.5% 61.3% 0.3

History of stroke 4% 2.3% 6.5% 0.4

Peripheral artery diesease 10.7% 11.4% 9.7% 0.6

Diabetes mellitus 34.7% 45.5% 29.4% 0.09

Hyperlipidemia 36% 45.5% 31.6% 0.1

Nicotine 24% 25% 22.6% 0.5

Creatinine [mg/dL] 1.5 ± 0.8 1.6 ± 0.9 1.4 ± 0.7 0.2

sMR — secondary mitral regurgitation; pMR — primary mitral regurgitation; BMI — body mass index; NYHA — New York Heart Association 
functional classification
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During 5-year follow-up three patients un-
derwent surgery for recurrent MR (pMR: 1.9%, 
sMR: 0.6%; p = 0.3), 16 patients required a second 
clipping (sMR: 6.8%, pMR: 4.7%, p = 0.5) and four 
patients were treated with additional catheter-
-based approaches (Carillon®, Cardiac Dimension, 
Kirkland, The USA; Cardioband®, Edwards Life-
sciences, United Kingdom) due to recurrent severe 
MR and decompensated heart failure (sMR: 1.8%, 
pMR: 0.9%, p = 0.6) (Suppl. Fig. 4).

Echocardiographic measures at baseline 
and five-year follow-up

Concerning baseline echocardiographic char-
acteristics, there were no significant differences in 
MR defining parameters and sPAP between sMR 
and pMR. Patients with sMR had larger baseline left 
ventricle (LV) volumes (LVEDV: 165.3 ± 62.6 mL,  
135.8 ± 49.2 mL; p = 0.03; LVESV: 106.4 ±  
± 53.3 mL, 59.3 ± 36.6 mL; p = 0.001) and signifi-
cantly impaired baseline LV systolic function (38.3 ±  
± 14.1%, 58.1 ± 15%; p = 0.0001). Patients with 
sMR showed impaired right ventricle (RV) function 
at baseline as well (TAPSE: 1.7 ± 0.4 cm, 2 ± 0.2 cm;  
p = 0.09) (Table 2).

At 5-year follow-up a sustained reduction of MR 
(MR ≤ 2) was found in 74% of patients (sMR: 77%, 
pMR: 71.5%; p = 0.9) (Fig. 1). There were no sig-
nificant changes in LV volumes (LVEDVsMR: 162.4 ± 

± 56.7 mL, 154.5 ± 66.9 mL; p = 0.5; LVEDVpMR: 
127.8 ± 47.3 mL, 116.6 ± 26.4 mL; p = 0.3; LVES-
-VsMR: 105.2 ± 45.5 mL, 99.6 ± 57.8 mL; p = 0.6;  
LVESVpMR: 56.2 ± 34.5 mL, 51.6 ± 20.2 mL;  
p = 0.5). Left ventricular ejection fraction (LVEF) 
was not significantly changed 5 years after the 
MitraClip procedure (EFsMR 36.9 ± 12.6%, 38.7 ±  
± 13.6%, p = 0.5; EFpMR 58.1 ± 12.2%, 58.4 ± 9.7%, 
p = 0.9). In sMR patients, sPAP was significantly 
reduced at follow-up (50 ± 17.4 mmHg, 39.3 ±  

Table 2. Baseline echocardiographical characteristics.

All patients (n=265) sMR (n = 160) pMR (n = 105) P

LVEDV [mL] 154.4 ± 59 165.3 ± 62.6 135.8 ± 49.2 0.03

LVESV [mL] 87.3 ± 52.4 106.4 ± 53.3 59.3 ± 36.6 0.0001

LVEF [%] 46.3 ± 17.4 38.3 ± 14.1 58.1 ± 15 0.0001

sPAP [mmHg] 47.5 ± 15 46.2 ± 15.7 50 ± 14 0.4

MV gradient [mmHg] 1.6 ± 0.9 1.4 ± 0.8 1.8 ± 1 0.03

Severity of MR 3.2 ± 0.4 3.1 ± 0.3 3.4 ± 0.5 0.1

MR grade III 79.7% 90.9% 63.3% 0.02

MR grade IV 18.9% 6.8% 36.7% 0.03

E/A ratio 2.4 ± 1 2.6 ± 1.2 2.2 ± 0.8 0.2

PISA radius [cm] 0.9 ± 0.2 0.8 ± 0.2 0.9 ± 0.3 0.2

VC width [cm] 1.4 ± 4.4 1.5 ± 5.3 1.2 ± 2.3 0.7

EROA [cm2] 0.6 ± 0.3 0.5 ± 0.1 0.6 ± 0.4 0.3

Regurgitation volume [mL] 54.4 ± 16 53.2 ± 16 56.3 ± 16.2 0.4

Tricuspid regurgitation 2.1 ± 0.8 2.1 ± 0.8 2 ± 0.8 0.6

TAPSE [cm] 1.8 ± 0.4 1.7 ± 0.4 2 ± 0.2 0.09

sMR — secondary mitral regurgitation; pMR — primary mitral regurgitation; LVEDV — left ventricular end-diastolic volume; LVESV — left  
ventricular end-systolic volume; LVEF — left ventricular ejection fraction; sPAP — systolic pulmonary artery pressure; MV — mitral valve:  
MR — mitral regurgitation; PISA — proximal isovelocity surface area; VC — vena contracta; EROA — effective regurgitant orifice area;  
TAPSE — tricuspid annular systolic excursion

Figure 1. Reduction of mitral regurgitation (MR) at 
5-year follow-up; pMR — primary mitral regurgitation; 
sMR — secondary mitral regurgitation.
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± 17.3 mmHg, p = 0.05), however, not significantly 
in pMR patients (49.4 ± 18.3 mmHg; 41.6 ± 18.7 
mmHg, p = 0.3) (Table 3). RV function increased 

significantly just in patients with sMR (1.7 ± 0.4 cm,  
1.9 ± 0.4 cm, p = 0.03; 2 ± 0.2 cm, 2.1 ± 0.4 cm,  
p = 0.5). MVG significantly increased after  

Table 3. Echocardiographical and clinical outcomes at follow-up.

Baseline Follow-up P

LVEDV [mL] 150 ± 55.5 140.9 ± 58.4 0.3

sMR 162.4 ± 56.7 154.5 ± 66.9 0.5

pMR 127.8 ± 47.3 116.5 ± 26.4 0.3

LVESV [mL] 87.6 ± 47.7 82.4 ± 52.8 0.4

sMR 105.2 ± 45.5 99.6 ± 57.8 0.6

pMR 56.2 ± 34.5 51.6 ± 20.2 0.5

LVEF [%] 44.5 ± 16.1 45.8 ± 15.5 0.5

sMR 36.9 ± 12.6 38.7 ± 13.6 0.5

pMR 58.1 ± 12.2 58.4 ± 9.7 0.9

IVSDD [cm] 1.2 ± 0.3 1 ± 0.2 0.04

sMR 1.2 ± 0.3 1 ± 0.2 0.04

pMR 1.3 ± 0.3 1.2 ± 0.3 0.3

MR 3.1 ± 0.4 1.7 ± 0.5 0.0001

sMR 3 ± 0.3 1.6 ± 0.5 0.0001

pMR 3.4 ± 0.5 2 ± 0.4 0.0001

MR ≤ II [%] 0 97.4 0.0001

sMR 0 100 0.0001

pMR 0 92.9 0.0001

MR > II [%] 100 2.6 0.0001

sMR 100 0 0.0001

pMR 100 7.1 0.0001

Mitral gradient [mmHg] 1.4 ± 0.8 3.5 ± 2.9 0.0001

sMR 1.4 ± 0.8 2.8 ± 1.3 0.0001

pMR 1.5 ± 0.9 4.8 ± 4.5 0.02

TAPSE [cm] 1.8 ± 0.3 1.9 ± 0.4 0.008

sMR 1.7 ± 0.4 1.9 ± 0.4 0.03

pMR 2 ± 0.2 2.1 ± 0.4 0.5

sPAP [mmHg] 49.7 ± 17.3 40.7 ± 17.5 0.02

sMR 50 ± 17.4 39.3 ± 17.3 0.05

pMR 49.4 ± 18.3 41.6 ± 18.7 0.3

NYHA functional class 3.4 ± 0.5 2.2 ± 0.9 0.0001

sMR 3.5 ± 0.5 2.1 ± 0.9 0.0001

pMR 3.2 ± 0.4 2.2 ± 1 0.004

6MWT [m] 243.8 ± 121.3 298.1 ± 118.6 0.04

sMR 235.3 ± 107.7 305.3 ± 123.1 0.03

pMR 267.1 ± 160.2 278.6 ± 111.9 0.8

NT-proBNP [pg/mL] 5987.3 ± 9989.3 4614.7 ± 5596.6 0.5

sMR 3844.7 ± 3099.4 4581.1 ± 4356.1 0.2

pMR 10510.6 ± 16770.4 4685.8 ± 7939.8 0.4

sMR — secondary mitral regurgitation; pMR — primary mitral regurgitation; LVEDV — left ventricular end-diastolic volume; LVESV — left 
ventricular end-systolic volume; LVEF — left ventricular ejection fraction; IVSDD — diastolic interventricular septum diameter; MR — mitral 
regurgitation; TAPSE — tricuspid annular systolic excursion; sPAP — systolic pulmonary artery pressure; NYHA — New York Heart Associa-
tion; 6MWT — six minutes walking test; NTpro-BNP — N-terminal pro-B-type natriuretic peptide
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MitraClip procedures (1.4 ± 0.8 mmHg, 3.5 ± 2.9 
mmHg; p = 0.001) without incidence of clinically 
relevant MV stenosis. 

Clinical outcomes and predictors  
of outcome

At 5-year follow-up the majority of patients 
(65.4%) presented with improved heart failure 
related symptoms (functional NYHA class ≤ II) 
and improved exercise tolerance (6MWT: 243.8 
± 121.3 m, 298.1 ± 118.6 m; p = 0.04). The func-
tional capacity at follow-up did not differ between 
the groups (NYHA > II: sMR 34.6%, pMR 33.3%;  
p = 0.6). However, functional amelioration was 
more pronounced in sMR patients as assessed by 
functional NYHA class (sMR: 3.5 ± 0.5, 2.1 ± 0.9, 
p = 0.0001; pMR: 3.2 ± 0.4, 2.2 ± 1; p = 0.04) 
(Fig. 2) and 6MWT (sMR: 235.3 ± 107.7 m, 305.3 ±  
±123.1 m; p = 0.03; pMR: 267.1 ± 160.2 m, 278.6 ±  
± 111.9 m; p = 0.8). Decreased levels of N-terminal  
pro-B-type natriuretic peptide were documented in 
both groups (sMR: 7635.3 ± 13639.8 pg/mL, 3943.4 ±  
± 4190.5 pg/mL; p = 0.01; pMR: 7157.2 ± 10920 
pg/mL, 4313.7 ± 7574.8 pg/mL; p = 0.02) (Table 3).

All-cause mortality was 16% at 5-year follow-
up and was significantly higher in patients with 
sMR (sMR: 19%, pMR: 10%; p = 0.05) (Suppl. 
Table 1, Suppl. Fig. 3). 

According to the ROC analysis baseline sPAP 
> 45 mmHg, baseline MVG > 1.5 mmHg and 
baseline level of creatinine > 2 mg/dL were found 
to be independent predictors for all-cause mortality 
at 5-year follow-up. Furthermore, baseline level of 
creatinine (cut-off value: 1.33 mg/dL; HR: 0.695), 
baseline sPAP (cut-off value: 50 mmHg; HR: 0.96) 

and baseline MVG (cut-off value: 1.4 mmHg; HR: 
0.82) were used as independent predictors for poor 
functional outcomes at 5-year follow-up (Suppl. 
Figs. 1, 2). 

Discussion

The main findings of the present study are as 
follows: (1) Acute procedural failure was higher 
in pMR patients. (2) A majority of patients (74%) 
showed sustained MR reduction, increased RV 
function and reduced sPAP at 5-year follow-up.  
(3) Despite pronounced clinical and echocardio-
graphic amelioration at follow-up and lower inter-
ventional failure rates, all-cause 5-year mortality 
was significantly higher in sMR patients. Baseline 
levels of creatinine > 2 mg/dL, MVG > 1.5 mmHg 
and sPAP > 50 mmHg were independent predic-
tors of the 5-year mortality and poor functional 
outcomes. 

Survival and re-intervention rates
Mortality after TMVR with the MitraClip 

device has been evaluated previously in different 
studies. Toggweiler et al. [18] found in 75 patients, 
a patient mortality of 4% at 30 days, 9% at 1 year 
and 25% (sMR 28%, pMR 18%) at 2 years after 
the MitraClip procedure. Comparable data were 
presented in 304 patients by Capodanno et al. [19] 
(4% at 30 days, 11% at 1-year, and 19% at 2-years). 
The EVEREST II study found a 20% 5-year mor-
tality without statistical difference between MR 
etiologies [20]. 

In line with those studies, sustained MR re-
duction was found with improved functional capac-
ity and quality of life 5 years after the MitraClip 
procedure. Although patients in the present study 
were considerably older (mean age: 81 years), they 
had more often sMR and in higher baseline NYHA 
functional classes, long-term mortality rates (16%) 
were comparable to the cited studies. In contrast 
to EVEREST II, higher mortality in patients with 
sMR was found despite noticeable improvement 
of functional capacity at follow-up. Of note, in the 
early EVEREST studies, echocardiographic feasi-
bility criterias were far more restrictive, and the 
majority of patients were treated for pMR, which 
might account for different acute and long-term 
procedural success rates. 

Higher all-cause mortality at follow-up in sMR 
patients was found, and might be explained by the 
advanced age of sMR patients, a more impaired 
baseline LV and RV function compared to pMR 
patients. Similar findings were presented in the 

Figure 2. Changes in functional New York Heart Asso-
ciation (NYHA) class; pMR — primary mitral regurgita-
tion; sMR — secondary mitral regurgitation.
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COAPT (Cardiovascular Assessment of the Mi-
traClip Percutaneous Therapy for Heart Failure 
Patients with Functional Mitral Regurgitation) trial. 
In this trial, Stone et al. [21] found 29.1% 2-year 
mortality in 302 patients with sMR despite being 
younger patients, was relevantly higher than the 
present collective. This might be explained through 
the present findings “predictors of mortality” such 
as impaired baseline renal function (creatinine 
clearance < 51 mL/min), advanced systolic heart 
failure (LVEF 31%), and elevated RV systolic pres-
sure (> 44 mmHg).

Buzzatti et al. [22] showed higher 5-year mor-
tality (about 50%) with good mid-term results in-
cluding reduction of MR and improved symptoms in 
339 patients with relevant MR. In line with current 
results, they found pronouncedly worse outcomes 
and higher mortality in patients with secondary MR 
associated with worse LV remodelling and function.  

Predictors of adverse outcome
Azzalini et al. [23] showed that an impaired LV 

function was associated with increased mortality 
in 77 patients with sMR 1 year after the MitraClip 
procedure. This finding is in line with the present 
data. A higher 5-year mortality in sMR patients 
with reduced baseline LV function was found (EF 
< 40%) compared to pMR patients with a baseline 
LVEF > 55%.

Another independent marker for secondary 
endpoint was the baseline level of creatinine (> 2 mg/ 
/dL) in the current study. This finding is supported 
by a study from Ohno et al. [24]. They found  
a significant adverse effect of concomitant chronic 
kidney disease on MR reduction, functional capac-
ity (NYHA functional class), survival and frequency 
of re-repair in 214 patients with severe MR one 
year after the MitraClip procedure. 

Toggweiler et al. [18] (baseline MVG > 3 mmHg)  
and Neuss et al. [9] (post-procedural MVG > 5 mmHg)  
showed a devastating impact of higher MVG 
on clinical outcomes and procedural success.  
In concordance with those results, baseline MVG 
(> 1.5 mmHg) as an independent predictor for 
both primary and secondary endpoints at 5-year 
follow-up was found in the present study. 

Moreover, Matsumoto et al. [10] found that 
pre-existing pulmonary hypertension was a strong 
predictor of higher all-cause mortality 12 months 
after the MitraClip procedure. The association be-
tween worse outcomes and advanced heart disease 
and symptoms have been presented by Buzzatti 
et al. [22] in more than 300 patients with relevant 
MR at 5-year follow-up. The cited study validates 

present findings; elevated baseline sPAP values are 
an independent predictor of (> 45 mmHg) adverse 
outcomes and (> 50 mmHg) all-cause mortality at 
5-year follow-up. 

Limitations of the study
This single-center retrospective study has 

several limitations. Data was reported from  
a single-center experience, and all echocardiograph-
ic analyses were not verified by an independent core 
lab. Furthermore, the 5-year follow-up was suf-
ficiently completed in 233 (88%) patients. Because 
of this, the present results should be proven in 
multi-center studies with a larger patient collective. 

Conclusions

Transcatheter mitral valve repair with the 
MitraClip procedure was found to be safe, lead to  
sustained MR reduction, and increase RV function 
during 5 years subsequent to the procedure. De-
spite pronounced functional and echocardiographi-
cal amelioration and lower procedural failure, sMR 
patients showed a higher all-cause mortality at 
5-year follow-up compared to patients with pMR. 
Elevated baseline creatinine, baseline levels of 
MVG and baseline sPAP were associated with poor 
functional outcome and high all-cause mortality 
5-year after MitraClip.
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Abstract
Background: Current guidelines recommend newer generation drug-eluting stents (DES) over  
bare-metal stents (BMS) in patients with ischemic heart disease. However, there is no age-specific  
recommendation in elderly patients.
Methods:  Meta-analysis was performed of 6 randomized studies enrolling 5,042 elderly patients who 
underwent percutaneous coronary intervention (PCI) with stent implantation (DES, n = 2,579; BMS, 
n = 2,463).
Results: Combined data indicated a significant reduction in major adverse cardiovascular events 
(MACEs) with use of DES (odds ratio [OR] 0.56, 95% confidence interval [CI] 0.44–0.71, p < 0.001). 
Moreover, use of DES was associated with a significantly lower incidence of myocardial infarction  
(OR 0.54, 95% CI 0.36–0.81, p = 0.003) and repeat revascularization (OR 0.44, 95% CI 0.31–0.62, 
p < 0.001), was compared to that with the use of BMS. Stent thrombosis and bleeding complication 
rates were not significantly different between groups. In a subgroup meta-analysis, short duration  
(1 or 6 months) dual antiplatelet therapy (DAPT) was associated with a significantly lower MACE 
rate (OR 0.49, 95% CI 0.34–0.80; p = 0.003) in elderly patients who underwent PCI with everolimus-
eluting stent implantation, compared with that using long duration DAPT.
Conclusions: This meta-analysis provides clinically relevant evidence that DES rather than BMS 
should be selected for elderly patients. (Cardiol J 2021; 28, 2: 223–234)
Key words: drug-eluting stent, bare-metal stent, elderly, clinical trials, clinical research

Introduction

The introduction of drug-eluting stents (DES) 
and advanced pharmacotherapy resulted in a sig-
nificant reduction in restenosis rates [1–5]. This 
improvement, however, increased the prevalence 
of bleeding complications due to use of DES 
and longer duration of dual antiplatelet therapy 
(DAPT), compared to that using bare-metal stents 

(BMS) [6]. Long duration of DAPT after DES 
deployment was associated with higher risk of 
major bleeding complications despite the beneficial 
effects of novel platforms, especially in vulnerable 
populations such as patients over 75 years old [7].

Until recently, guidelines have not provided 
evidence-based recommendations for treatment 
of elderly patients [8]. Recently, the SYNERGY II  
Everolimus eluting stent in patients older than 
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75 years, undergoing coronary revascularization 
associated with a short DAPT (SENIOR) trial 
demonstrated that use of DES rather than BMS 
in patients older than 75 years results in lower 
adverse clinical event rates at 1 year [9]. These 
observations were also previously seen in the 
Xience or Vision Stents for the Management of 
Angina in the Elderly (XIMA) trial, which demon-
strated a reduction in myocardial infarction (MI) 
and in-stent restenosis in the DES group without 
an increase in bleeding [10]. The superiority of 
DES in the SENIOR trial was mainly due to a re-
duction of target lesion revascularization (TLR), 
but there were no significant differences between 
all-cause death, MI, and stroke. Therefore, it is 
unclear whether the clinical benefits of DES were 
overestimated [11]. Herein, a meta-analysis was 
performed of randomized studies aiming to assess 
the benefits and risks associated with DES vs. BMS 
use for percutaneous coronary intervention (PCI) 
in elderly patients.

Methods

This study was designed in accordance with 
the Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) guidelines 
[12]. A comprehensive MEDLINE, EMBASE, and 
Cochrane database search was conducted until 
September 6, 2018, using the following medical 
subject headings alone and in different combina-
tions: “drug-eluting stent(s)”, “DES”, “bare-metal 
stent(s)”, “BMS”, “coronary artery disease” and 
“elderly patients”. Randomized studies that evalu-
ated elderly patients undergoing PCI and reported 
on clinical outcomes with follow-up time ≥ 12 
months were included. Conventionally, “elderly” 
has been defined as a chronological age of ≥ 65 
years. In the present study however, elderly pa-
tients were defined as > 70 years old. Only full 
articles in peer-reviewed journals were considered.

Two investigators (SAB, YK) extracted baseline 
study characteristics, clinical outcomes, and DAPT 
duration of interest from the retrieved studies. 
Any divergences were resolved by consensus. The 
number of events associated with clinical outcomes 
was tabulated for the longest follow-up available.

The primary endpoint was major adverse 
cardiovascular events (MACEs), defined as a com-
posite of cardiac death, MI, and repeat revasculari-
zation, including TLR and target vessel revasculari-
zation (TVR). Secondary endpoints were individ-
ual components of MACE, definite/probable stent 

thrombosis, as defined by the Academic Research 
Consortium, and bleeding complications according 
to both Thrombolysis in Myocardial Infarction and 
Bleeding Academic Research Consortium classifi-
cations [13, 14]. Subgroup meta-analysis of DES 
implantation with short (1 or 6 months) vs. long 
(> 12 months) DAPT duration was performed to 
determine MACE, stent thrombosis, and bleeding 
complication rates. Moreover, a meta-regression 
analysis was performed to identify moderators in 
a linear relationship among baseline characteris-
tics according to the percentage of hypertension, 
diabetes mellitus, dyslipidemia, and acute coronary 
syndrome (ACS). The SENIOR trial was included 
in the short DAPT group, while the XIMA, Basel 
Stent Kosten Effektivitäts Trial-PROspective 
Validation Examination (BASKET-PROVE), and 
Everolimus-Eluting Stents Versus Bare-Metal 
Stents in ST-Segment Elevation Myocardial Infarc-
tion (EXAMINATION) trials were included in the 
long DAPT group.

Quality assessment was performed for both 
study groups. The risk of bias was assessed of 
each study with the Cochrane tool and the Grading 
of Recommendations, Assessment, Development 
and Evaluation (GRADE) tool [15, 16] was used 
to assess quality as high, moderate, low, or very 
low. Most clinical trials showed low evidence of 
bias with the Cochrane tool. In addition, the level 
of evidence was strong for primary outcomes as-
sessed with the GRADE tool. 

Statistical analysis
The number of patients, events, means, stand-

ard deviations (SDs), and percentages were ab-
stracted. Estimates were calculated with a random 
effects model and confirmed with a fixed effects 
model and was expressed as odds ratios (ORs).  
A p-value ≤ 0.05 (2-tailed) indicated statistical 
significance.  The random effects model was prior-
itized over the fixed effects model and sensitivity 
analysis was conducted to identify sources of in-
consistency. The I2 statistic was used for evaluation 
of heterogeneity between studies with values of  
< 30%, 30% to 60%, and > 60%, corresponding to 
low, moderate, and high degrees of heterogeneity, 
respectively [17]. Publication bias was assessed 
using both the Egger and Begg’s tests. A p-value 
< 0.05 indicated evidence of bias [18]. All data 
analyses were performed using R version 3.5.0  
(R Foundation for Statistical Computing, Vienna, 
Austria). This study was registered with PROS-
PERO, number CRD42019112969.
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Results

The flow chart of the study selection process 
is shown in Figure 1. Six multi-center randomized 
controlled trials enrolling 5,042 elderly patients 
with coronary artery disease (CAD), who under-
went PCI with either DES (n = 2,579) or BMS  
(n = 2,463) implantation were included [9, 10, 
19–22]. The study design and characteristics of the 
trials involved are shown in Table 1. When studies 
reported results from both unmatched and matched 
populations, data regarding the matched subgroup 
were considered. The mean follow-up completion 
for all trials was relevant, with an overall rate of 
98%. The recommended DAPT duration varied 
between trials (1–12 months), but was the same in 
both the DES and BMS groups, except in the XIMA 
trial (1 month of DAPT for patients receiving BMS 
and 12 months for patients receiving DES).

During long-term follow-up (range 1–2 years), 
combined data indicated a significant reduction in 
MACE with DES use (OR 0.56, 95% confidence in-
terval [CI] 0.44–0.71, p < 0.001, Fig. 2A). There was 
no significant difference in stent thrombosis between 
groups (OR 0.68, 95% CI 0.40–1.14, p = 0.142, Fig. 2B).  
Bleeding complication rates were similar for both 
groups (OR 0.96, 95% CI 0.78–1.18, p = 0.686, Fig. 
2C). In addition, the risk of cardiac death did not dif-
fer between the groups (OR 0.81, 95% CI 0.65–1.02,  
p = 0.075, Fig. 3A). However, use of DES rather than 
BMS was associated with a significantly lower inci-

dence of MI (OR 0.54, 95% CI 0.36–0.81, p = 0.003, 
Fig. 3B) and repeat revascularization (OR 0.44, 95% 
CI 0.31–0.62, p < 0.001, Fig. 3C). The funnel plots 
and the Egger and Begg tests did not suggest any 
significant publication bias (Fig. 4).

In elderly patients who underwent PCI with 
everolimus-eluting stent (EES) implantation, sub-
group meta-analysis showed a significant decrease 
in MACE in the short DAPT (1 or 6 months) 
group (OR 0.49, 95% CI 0.34–0.80; p = 0.003), 
without statistical heterogeneity (I2 = 23.7%;  
p = 0.08; Fig. 5A). However, there were no signifi-
cant differences in stent thrombosis and bleeding 
complication rates according to DAPT duration  
(Fig. 5B, C). Subgroup analysis showed a significant 
decrease in MACE with all DES types, including 
EESs, biolimus-eluting stents, and zotarolimus-
eluting stents (ZESs). Moreover, use of a ZES was 
associated with a significantly lower incidence of 
definite/probable stent thrombosis (OR 0.40, 95% 
CI 0.20–0.83; Fig. 6).

Discussion

The main findings of the present study were 
as follows: 1) DES deployment was associated 
with significant reduction in MACE, MI, and re-
peat revascularization in elderly patients; 2) DES 
implantation was associated with the risk of stent 
thrombosis and bleeding complications similar to 
that of BMS implantation; 3) In subgroup meta-

Figure 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flow chart for the trial selec-
tion process.
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analysis, clinical outcomes were similar for short 
and long DAPT duration in elderly patients who 
underwent PCI with EES implantation.

Current guidelines recommend stenting with 
the newer generation of DES rather than BMS in 
patients with ischemic heart disease including ST-
-segment elevation myocardial infarction (STEMI), 
because of better efficacy and safety profiles [23, 
24]. Moreover, guidelines support DES as the 
preferred treatment option regardless of DAPT 
duration in patients with high bleeding risk [25]. 
Nevertheless, age-specific recommendations in 
elderly patients are not available; thus, BMS has 
been the preferred option in elderly patients due 
to shorter DAPT duration [8].

As shown in Table 2, the results of 6 rand-
omized trials, including 4 studies involving patients 
older than 80 years of age on average, can be seen 
as appropriate evidence to determine PCI strategy 
in elderly patients. However, differences in the 

definitions of primary and secondary outcomes 
make it difficult to comprehensively assess the 
benefits of DES in the treatment of elderly pa-
tients. The beneficial effects of DES on all-cause 
death have only been reported in a sub-study of 
the BASKET-PROVE trial [21]. Furthermore, 
the cardiac death rate was comparable to that in  
6 of the studies included. In contrast to the other  
4 randomized studies, the SENIOR trial and sub-
study of the EXAMINATION trial did not show  
a difference in the risk of MI in both the DES and 
BMS groups [9, 22]. Particularly in the sub-study 
of the EXAMINATION trial for STEMI patients, 
DES use did not show any benefits over BMS use 
in patients over 75 years old [22]. In meta-analysis, 
DES use was associated with a significant reduc-
tion in redefined MACE, including cardiac death, 
MI, and repeat revascularization. Except for the 
sub-study of the EXAMINATION trial, the studies 
included showed benefits of DES use for MACE in 

Figure 2. Forest plot for the risk of major adverse cardiovascular event (MACE; A), definite/probable stent thrombo-
sis (B), and bleeding (C) in elderly patients treated with drug-eluting stents (DES) versus bare-metal stents (BMS);  
MI — myocardial infarction; CI — confidencial interval.
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elderly patients. Furthermore, our pooled analysis 
demonstrated that PCI with DES implantation was 
apparently superior to BMS use in terms of MI and 
repeat revascularization. The Norwegian Coronary 
Stent Trial (NORSTENT), a large randomized 
trial comparing long-term outcomes after DES  
(n = 4,504) vs. BMS use (n = 4,509), reported 
results similar to those in the present study, with  
a significantly lower rate of repeat revascularization 
at 6 years in the group receiving DES [26]. How-
ever, NORSTENT enrolled relatively younger pa-
tients, and did not show the benefits of DES use for 
MI compared with the findings in the present study. 
Although it is difficult to compare the outcomes 
of MI between the NORSTENT and the present 
study, the differences may reflect the significant 
benefit of DES for elderly patients who tend to 
have more extensive and complex lesions. The 
risk of stent thrombosis and bleeding complications 
with use of DES was comparable to that of BMS 

in the 6 trials included and the NORSTENT. This 
tendency was also observed in the meta-analysis. 
Therefore, when considering efficacy and safety, 
DES use should be considered in elderly patients, 
as described in the current guidelines.

The scoring systems used to determine DAPT 
duration include the DAPT score and PREdicting 
bleeding Complications in patients undergoing 
Stent implantation and subsequent Dual Anti 
Platelet Therapy (PRECISE-DAPT) [27, 28]. In 
both scoring models, age has been used to assess 
bleeding and ischemic risk since post-PCI bleeding 
complications were associated with a significant 
increase in adverse clinical outcomes in patients 
older than 75 years of age [29]. However, the use-
fulness of these scores for improving outcomes 
remains unclear, due to the lack of evidence in the 
setting of randomized controlled trials. According 
to current guidelines, short DAPT duration should 
be considered in patients with high bleeding risk 

Figure 3. Forest plot for the risk of cardiac death (A), myocardial infarction (B), and repeat revascularization (C) in 
elderly patients treated with drug-eluting stents (DES) versus bare-metal stents (BMS); CI — confidencial interval.
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(PRECISE-DAPT score ≥ 25), with 3 months of 
DAPT for stable CAD and 6 months of DAPT for 
ACS [25]. The current subgroup meta-analysis 
in elderly patients who underwent PCI with EES 
implantation showed no significant differences 
between use of short DAPT duration and long 
DAPT duration in stent thrombosis and bleeding 
complications, as shown in Figure 5. Moreover, 
short DAPT duration was associated with a sig-
nificantly lower incidence of MACE, compared 
with using long DAPT duration. Therefore, short 
DAPT duration is as safe as long DAPT duration 
in elderly patients who undergo PCI with EES 
implantation.

Limitations of the study
There were several limitations in this study. 

First, there was considerable heterogeneity be-
tween studies, which was particularly evident 
when comparing studies using different designs. 
Second, the definition of MACE was different in 
each study. Therefore, MACE was redefined to 
reduce confounders. Third, the definition of elderly 
varies from 65 to 75 years of age, but the present 

study defined elderly to be > 70 years of age, since 
there have been few randomized controlled trials 
in those aged ≥ 75 years. Fourth, differences in 
DAPT duration according to DES or BMS use were 
reported in only 1 of the 6 trials included (XIMA 
trial: 1 month of DAPT for patients receiving BMS 
and 12 months for those receiving DES), which 
could affect outcomes. Fifth, there are two types 
of EES, durable polymer EES (XIENCETM, Abbott 
Vascular, Santa Clara, CA, USA) and bioabsorb-
able polymer EES (SYNERGYTM, Boston Scientific, 
Marlborough, MA, USA). Bioabsorbable polymer 
(BP)-DES implantation was reported to have better 
endothelial healing and conjugate protein expression 
than durable polymer-DES implantation [30]. Unique 
characteristics of BP-DES might affect the results of 
short and long DAPT duration on subgroup analysis. 
However, subgroup analysis included bioabsorbable 
or durable polymer EES. In addition, the proportion 
of ACS patients could not be assessed in the short 
and long DAPT duration groups and the comparison of 
DAPT duration was not randomly allocated between 
studies. Thus, a careful interpretation of subgroup 
analysis of DAPT duration is necessary.

Figure 4. Funnel plot. A. Funnel plot for major adverse cardiovascular events (MACE); B. Funnel plot for definite/ 
/probable stent thrombosis.
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Figure 5. A–C. Subgroup meta-analysis of the effect of short (≤ 1 or 6 months) versus long (> 12 months) dual anti-
platelet therapy (DAPT) duration in elderly patients who underwent percutaneous coronary intervention (PCI) with 
everolimus-eluting stent (EES) implantation. DES — drug-eluting stents; BMS — bare-metal stents; CI — confidence 
interval; MACE — major adverse cardiovascular events; MI — myocardial infarction; TVR — target vessel revascu-
larization.

Conclusions

This meta-analysis builds upon recent evi-
dence to support the efficacy and safety of DES 
use, and provides clinically relevant evidence that 
DES rather than BMS should be selected for treat-
ment of elderly patients. Furthermore, short DAPT 
duration should be considered when PCI with EES 
implantation is performed in elderly patients.
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Figure 6. A–C. Subgroup meta-analysis of the effect according to drug-eluting stents (DES) type. BMS — bare-metal 
stents; MACE — major adverse cardiovascular events; MI — myocardial infarction; TVR — target vessel revasculari-
zation; CI — confidence interval.
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Abstract 
Background: The number of patients with diabetes mellitus (DM) presenting with coronary artery 
disease is increasing and accounts for more than 30% of patients undergoing percutaneous coronary 
interventions (PCI). The biodegradable polymer drug-eluting stents were developed to improve vascular 
healing. It was sought herein, to determine 1-year clinical follow-up in patients with DM treated with 
the thin strut biodegradable polymer-coated sirolimus-eluting stent (BP-SES) versus durable coating 
everolimus-eluting stent (DP-EES).
Methods: Patients were retrospectively analyzed with DM were treated with either a BP-SES (ALEX™, 
Balton, Poland, n = 670) or a DP-EES (XIENCE™, Abbott, USA, n = 884) with available 1 year clini-
cal follow-up using propensity score matching. Outcomes included target vessel revascularization (TVR) 
as efficacy outcome and all-cause death, myocardial infarction, and definite/probable stent thrombosis 
as safety outcomes.
Results: After propensity score matching 527 patients treated with BP-SES and 527 patients treated 
with DP-EES were selected. Procedural and clinical characteristics were similar between both groups. 
In-hospital mortality was 3.23% in BP-SES vs. 2.09% in DP-EES group (p = 0.25). One-year follow-
up demonstrated comparable efficacy outcome TVR (BP-SES 6.64% vs. DP-EES 5.88%; p = 0.611), 
as well as similar safety outcomes of all-cause death (BP-SES 10.06% vs. DP-EES 7.59%; p = 0.158), 
myocardial infarction (BP-SES 7.959% vs. DP-EES 6.83%; p = 0.813), and definite/probable stent 
thrombosis (BP-SES 1.14% vs. DP-EES 0.76%; p = 0.525).
Conclusions: The thin-strut biodegradable polymer coated, sirolimus-eluting stent demonstrated 
comparable clinical outcomes at 1-year after implantation to DP-EES. These data support the relative 
safety and efficacy of BP-SES in diabetic patients undergoing PCI. (Cardiol J 2021; 28, 2: 235–243)
Key words: drug-eluting stents, percutaneous coronary intervention, diabetes mellitus

Introduction

The number of patients with diabetes mellitus 
(DM) presenting with coronary artery disease 

(CAD) is increasing and accounts for more than 
30% of patients undergoing percutaneous coronary 
interventions (PCI) [1]. The pathophysiology as-
sociated with diabetic vasculopathy is multifactorial 
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and includes endothelial dysfunction, non-enzymatic 
glycation end products, circulating free fatty acids, 
increased systemic inflammation, diabetic auto-
nomic neuropathy, and the vascular effects of hyper-
insulinemia [2, 3]. Randomized clinical trials, have 
demonstrated higher efficacy of coronary artery 
bypass grafting (CABG) when compared with PCI 
in DM population especially in patients with multi-
vessel disease and complex coronary anatomy [4]. 
Nevertheless, advances in the drug eluting stents 
(DES) technology, have made stents a viable and 
less invasive alternative therapy when compared 
to CABG for patients with less complex anatomy. 
Second-generation DES reduced rates of stent 
thrombosis (ST) with preserved low restenosis 
rates when compared to first-generation DES [5–7]. 
However, very late ST and neoatherosclerosis have 
been recently observed also with second-generation 
DES [8–10]. To address the limitations of the dura-
ble polymer DES, new platforms that make use of 
biodegradable polymers have been developed. The 
safety and effectiveness of biodegradable polymer 
coated DES (BP-DES) over first-generation DES has 
been previously demonstrated in reducing the risk 
of very late ST and restenosis [11–13]. However, 
patients with DM constitute a challenging subset, 
with poorer outcomes after PCI in comparison with 
non-diabetics. These patients often present with un-
favorable coronary anatomy with small and diffusely 
diseased vessels and multi-vessel involvement [14]. 

In the present study, it was sought to de-
termine the 1-year clinical follow-up of patients 
treated with the thin strut BP-coated sirolimus-
eluting stent (BP-SES) versus durable coating 
everolimus-eluting stent (DP-EES) in an all-
comers DM population. 

Methods

Study design
The interventional cardiology network regis-

try is a prospective, observational registry which 
includes all patients treated with PCI in 4 Polish 
interventional cardiology centers in Poland. A ret-
rospective screening of unselected patients (n =  
= 21,400) treated with PCI between 2010 and 2016 
was undertaken. All consecutive patients included  
were previously diagnosed with DM who under-
went single or multi-vessel revascularization with 
either BP-SES (ALEX, Balton, Warsaw, Poland) or 
DP-EES (XIENCE, Abbott Vascular, Santa Clara, 
CA, USA) during the index procedure following 
acute coronary syndrome or stable angina presen-
tation. Follow-up data for patients treated in years 

2015–2016 is currently not available. Therefore, 
for final analysis only patients treated between 
2010 and 2014 were selected, due to availability 
of 1-year follow-up data for all the patients. Due 
to observational nature of the study and lack of 
any interference in diagnostic and therapeutic 
decision-making process no permission was re-
quired from the Institutional Review Board and 
Bioethics Committee.

Stent system description 
The BP-SES used in this study is a Conformité 

Européenne (CE)-approved balloon expandable 
cobalt-chromium stent with a 71 microns strut 
thickness covered with a biodegradable copoly-
mer of poly-lactic and glycolic acid together with 
sirolimus. In a previously published study, BP-SES 
demonstrated comparable safety and efficacy in 
all-comers and acute myocardial infarction (MI) 
patient population when compared to the bench-
mark balloon-expandable cobalt-chromium DP- 
-EES [15, 16]. DP-EES was previously granted the 
specific indication for DM patients from the Food 
and Drug Administration of the United States and 
CE mark from the European Commission. DP-EES 
has a strut thickness of 81 microns. Everolimus 
is blended in a non-erodible polymer coated over 
another non-erodible polymer primer layer. 

Study population
The demographic, clinical and angiographic 

data collected in the course of the index hospitaliza-
tion were retrieved from a prospectively recorded 
Institutional Electronic Database. Follow-up data, 
including exact dates of death, MI and repeat 
revascularization were obtained from the health 
insurer (National Health Fund) database. Detailed 
angiographic data for repeat revascularization were 
obtained from the medical centers that performed 
the procedures. 

All patients underwent coronary angiography 
with following or postponed PCI using standard 
devices. All interventional strategies, including the 
use of stents, choice of stent type and periproce-
dural antithrombin and antiplatelet therapy, were 
at the discretion of the attending physicians. Phar-
macological treatments recommended by the Euro-
pean Society of Cardiology were introduced before 
and after the intervention unless contraindicated. 

Ethics approval and consent to participate
Due to the observational nature of this study 

and lack of any interference in a diagnostic and 
therapeutic decision-making process no permission 
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was required from the Institutional Review Board 
and Bioethics Committee.

Definitions and endpoints
The efficacy outcome was defined as target 

vessel revascularization (TVR). The safety out-
comes included separate endpoints of death, MI, 
and definite or probable ST. MI was defined as an 
ischemic event that fulfilled the European Soci-
ety of Cardiology/American College of Cardiology 
criteria for MI and was clinically distinct from the 
index event at the time of first hospitalization 
[17]. TVR was defined as any repeat percutaneous 
intervention or surgical bypass of any segment 
of the target vessel including ischemia-driven 
and symptomatic-driven intervention. ST was 
considered as acute (0–24 h), subacute (> 24 h to  
30 days) or late (> 31 days) and was defined as 
either definitive or probable according to the Aca-
demic Research Consortium [18].

Statistical analysis
Categorical variables are presented as per-

centages and were compared using the c2 test, 
whereas continuous variables are displayed as 
means ± standard deviation and were compared 
using the Student t-test. A propensity score meth-
od was used to match the BP-SES and DP-EES 
groups for all baseline clinical characteristics and 
angiographic parameters listed in Tables 1 and 2.  
The area under curve for logistic model was 
0.708 (95% confidence interval 0.686–0.731);  
p < 0.0001. The greedy matching algorithm, avail-
able in NCSS, was used with the distance calcula-
tion option set to “Mahalanobis Distance within 
Propensity Score Calipers (no matching outside 
caliper)” and caliper to 0.2*Sigma. Cumulative 
event rates in 1-year follow-up were analyzed 
with the Kaplan-Meier method and compared 
with the log-rank test. All tests were 2-tailed, 
and a p-value < 0.05 was considered to indicate 
statistical significance. Statistics were calculated 
with STATISTICA 12 (Statsoft, Tulsa, Oklahoma, 
USA) and NCSS 12 Statistical Software (NCSS, 
LLC. Kaysville, Utah, USA).

Results

Baseline demographic characteristics 
A total of 670 BP-SES and 884 DP-EES pa-

tients were found to be eligible for matching. Pa-
tients in BP-SES group were older than in DP-EES 
group (respectively: 68.78 ± 9.14 vs. 67.75 ± 9.60; 
p = 0.031). Previous MI and PCI procedures were 

less common in the BP-SES group when compared 
to DP-EES (respectively: 31.34% vs. 37.22%;  
p = 0.016, 22.69% vs. 30.20%; p < 0.001). Car-
diogenic shock at admission occurred more often 
in BP-SES than in DP-EES group (respectively: 
3.28% vs. 1.36%; p = 0.010)

Following propensity score analysis and match-
ing, 527 pairs were selected for further analysis 
with a mean age of 68.41 ± 9.13 years in BP-SES 
group and 68.21 ± 9.34 in DP-EES group. There 
were no relevant differences found in baseline char-
acteristics following matching. The proportions of 
patients with ST-segment elevation MI (BP-SES 
10.63% vs. DP-EES 10.63%) and non-ST segment 
elevation MI (BP-SES 30.17% vs. DP-EES 28.08%) 
unstable (BP-SES 38.9% vs. DP-EES 37.57%) and 
stable angina (BP-SES 24.29% vs. DP-EES 23.52%) 
were comparable between matched groups. An 
overview of the unmatched and matched baseline 
characteristics is presented in Table 1.

Patients angiographic  
and procedural characteristics

Before propensity score matching, there were 
significant differences between BP-SES and DP- 
-EES in angiographic and procedural characteristics.  
Left main CAD occurred less frequently in the BP-
-SES group when compared to the DP-SES group. 
The rate of multi-vessel PCI was lower in BP-DES 
compared to DP-EES. The proportion of direct 
stenting rate was similar in both studied groups. 
Also, number of stents implanted per patient was 
similar between the groups. 

After propensity score matching angiographic 
and procedural characteristics such as a multi-
vessel CAD, left main CAD and targeted vessels 
were comparable between studied groups. There 
was no difference in single-vessel intervention 
rates. There was no difference in the number 
and length of stents implanted per patient. Angio-
graphic and procedural characteristics, before and 
after propensity score matching, are summarized 
in Table 2.

Clinical outcomes in matched cohorts
In-hospital (BP-SES 3.23% vs. DP-EES 2.09%; 

p = 0.250) and 30-day mortality (BP-SES 4.55% vs. 
DP-EES 2.47%; p = 0.066) was comparable in the 
matched groups. The efficacy outcome of TVR rates 
at 12 months did not differ significantly between 
BP-SES and DP-EES (respectively: 6.64% vs. 
5.88%; p = 0.611). There was also no difference in 
safety endpoints between the matched groups re-
garding death, MI, and definite/probable ST (Fig. 1).  
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Table 1. Baseline characteristics. 

Unmatched Matched

BP-SES
(n = 670)

DP-EES
(n = 884)

P BP-SES
(n = 527)

DP-EES
(n = 527)

P

Age [years] 68.78 ± 9.14 67.75 ± 9.60 0.031 68.41 ± 9.13 68.21 ± 9.34 0.711
Female 49.10% 45.02% 0.110 47.06% 48.96% 0.538
Previous MI 31.34% 37.22% 0.016 32.26% 34.91% 0.361
Previous PCI 22.69% 30.20% 0.001 24.67% 26.19% 0.571
Previous bypass surgery 10.30% 10.86% 0.722 10.06% 10.82% 0.687
Previous stroke 5.82% 4.86% 0.403 4.93% 4.93% 1.000
Hypertension 90.15% 89.48% 0.666 89.94% 89.75% 0.919
Hypercholesterolemia 40.60% 42.76% 0.392 40.04% 42.31% 0.453
Smoking 14.33% 11.65% 0.118 13.28% 13.09% 0.927
Obesity 45.97% 44.34% 0.523 45.73% 45.35% 0.902
Chronic heart failure 26.42% 26.58% 0.942 26.38% 27.51% 0.677
Chronic renal failure 13.58% 14.14% 0.753 12.71% 12.33% 0.852
Cardiogenic shock 3.28% 1.36% 0.010 2.09% 1.71% 0.652
Indication for procedure:

STEMI 11.04% 9.05% 0.192 10.63% 10.63% 1.000
NSTEMI 29.10% 11.04% 0.156 28.08% 30.17% 0.456
Unstable angina 37.46% 37.22 0.921 38.90% 37.57% 0.657

Stable CAD 23.30% 24.03% 0.738 24.29% 23.52% 0.773

MI — myocardial infarction; PCI — percutaneous coronary intervention; STEMI — ST-segment elevation myocardial infarction; NSTEMI — non-
-ST-segment elevation myocardial infarction; CAD — coronary artery disease

Table 2. Angiographic and procedural characteristics.

Unmatched Matched

BP-SES 
(n = 670)

DP-EES
(n = 884)

P BP-SES
(n = 527)

DP-EES
(n = 527)

P

Multi-vessel CAD 66.87% 70.14% 0.169 66.22% 67.36% 0.695
LM CAD 4.03% 7.13% 0.001 3.98% 3.98% 1.000
Target vessel:

LM 1.04% 5.88% < 0.001 1.33% 0.57% 0.204
LAD 38.66% 51.36% < 0.001 42.31% 44.40% 0.494
Cx 23.88% 12.56% < 0.001 19.76% 21.26% 0.490
RCA 32.24% 26.92% 0.022 32.26% 29.79% 0.387

Bypass 4.18% 3.28% 0.351 4.36% 3.98% 0.758
Single vessel PCI 85.67% 77.04% < 0.001 85.01% 85.39% 0.543
Bifurcation PCI 6.72% 17.53% < 0.001 7.40% 7.21% 0.906
Stents used per patient 1.45 ± 0.82 1.46 ± 0.75 0.847 1.42 ± 0.77 1.41 ± 0.73 0.890
Total length of stents 26.39 ± 16.94 30.61 ± 17.67 < 0.001 26.85 ± 16.75 26.84 ± 15.28 0.991
Maximal implantation 
pressure

14.67 ± 2.23 14.64 ± 2.79 0.854 14.68 ± 2.24 14.64 ± 2.72 0.823

Direct stent implantation 40.00% 35.52% 0.071 37.76% 38.33% 0.849
Post dilatation 22.54% 23.08% 0.802 21.82% 18.79% 0.221
Thrombectomy 4.18% 3.96% 0.828 3.23% 4.36% 0.333

Procedural glycoprotein 
IIb/IIIa inhibitor 

5.07% 5.54% 0.684 4.36% 4.36% 1.000

CAD — coronary artery disease; LM — left main; LAD — left anterior descending; Cx — circumflex; RCA — right coronary artery; PCI — per-
cutaneous coronary intervention
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All-cause mortality at 1 year was similar in both groups 
(BP-SES 10.06% vs. DP-EES 7.59%; p = 0.158).  
MI rates were comparable in both groups (BP-SES 
7.59% vs. DP-EES 6.83%; p = 0.633). The cumula-
tive rates of definite/probable ST were relatively 
low with no significant difference between the 
matched groups (BP-SES 2.66% vs. DP-SES 1.90%; 
p = 0.408). Also, there was no difference in acute 
(BP-SES 0.00% vs. DP-SES 0.19%; p = 0.317), 
subacute (BP-SES 1.52% vs. DP-SES 0.95%; p =  
= 0.402) and late (BP-SES 1.14% vs. DP-SES 
0.76%; p = 0.525) definite/probable ST. In sum-
mary, no significant differences were found in terms 
of clinical outcomes after 1 year. Detailed follow-up 
results are presented in Table 3.

Discussion

The present study describes a direct com-
parison of the clinical outcomes of thin strut bio-
degradable polymer coated sirolimus-eluting stent 
against benchmark non-erodible polymer coated 
everolimus-eluting stent in the DM patients. The 
major finding of this investigation in a propensity-
matched cohort is comparable 1-year clinical 
outcomes for the BP-SES when compared with 
DP-EES, with reasonable event rates, demonstrat-
ing similar safety and efficacy of the devices in the 
DM patient population. 

Coronary artery disease remains the most 
important cause of morbidity and mortality among 

Figure 1. One-year Kaplan-Meier events rates. Kaplan-Meier curves show the cumulative incidence of target vessel 
revascularization (A); myocardial infarction (B); all-cause death (C); and definite/probable stent thrombosis (D).
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patients with DM. It is estimated that ª75% of 
patients with diabetes will die from cardiovascular 
causes [19]. DM patients often present with unfa-
vorable coronary anatomy with small and diffusely 
diseased vessels and multi-vessel involvement 
when compared to non-diabetics [14]. Hypergly-
cemia and associated metabolic disarrangements 
enhance the development, progression, and insta-
bility of atherosclerotic plaque [2]. The diabetic 
vasculopathy pathophysiology is multifactorial 
and includes vascular effects of hyperinsulinemia, 
non-enzymatic glycation end products, endothelial 
dysfunction, circulating free fatty acids, diabetic 
autonomic neuropathy, and increased systemic 
inflammation [2]. Despite similar initial angioplasty 
success rates, DM patients have higher resteno-
sis rates and worse long-term outcomes. Also, in  
a DM population, acute coronary syndrome is more 
frequent and has a higher risk of complications 
[20]. Although DES implantation reduces neointi-
mal hyperplasia and TVR rates in these patients, 
diabetes remains a risk factor for restenosis and 
adverse events after PCI [21, 22]. The increase in 
oxidative and inflammatory mediators in diabetic 
patients promotes atherosclerosis [19]. Rapamycin 
and its analogs (like sirolimus and everolimus) are 
mTOR complex inhibitor agents. In animal mod-
els, the enhancement of the extracellular signal 
response kinase (ERK) pathway produces a rela-
tive resistance to mTOR inhibitors. Therefore, the 

demonstration of an enhanced activity of the ERK 
pathway in diabetic vasculature provides an alter-
native pathway, not affected by limus analogues, for 
proliferation of vascular smooth muscle cells. This 
potentially explains the reduction in the long-term 
effectivity of limus eluting stents in DM [23].

Higher adverse events rate etiology in DM 
patients seems to be multifactorial and due to 
patient-related and stent-related causes [24]. In 
the present study, propensity matched analysis was 
performed, therefore most of the patients related 
variables were controlled and equally distributed. 
Regarding the possible stent-related causes there 
are different characteristics of tested devices that 
could impact outcomes between BP-SES and DP-
EES, such as the thinner strut thickness (71 μm 
vs. 81 μm), the presence of biodegradable polymer, 
and the limus analogue used (sirolimus vs. evero-
limus). Although polymer provides a reservoir 
for programmed drug release, it has no function 
when drug release is completed, and it may af-
fect late and very late safety and efficacy of DES. 
In fact, durable polymers may be associated with 
inflammation, neoatherosclerosis and incomplete 
stent endothelialization which may contribute to 
the risk of adverse events also observed with new 
durable polymers DES [25, 26]. However, recent 
reports demonstrated similar clinical outcomes 
after implantation of BP-DES when compared 
to second generation durable polymer coated 

Table 3. Clinical outcomes at 30 days, 6 months, and 12 months in a propensity matched cohort.

BP-SES (n = 527) DP-EES (n = 527) P

30 days

Target vessel revascularization 6 (1.14%) 5 (0.95%) 0.762

Myocardial infarction 9 (1.71%) 9 (1.71%) 1.000

All cause death 24 (4.55%) 13 (2.47%) 0.066

6 months

Target vessel revascularization 26 (4.93%) 16 (3.04%) 0.115

Myocardial infarction 26 (4.93%) 26 (4.93%) 1.000

All cause death 37 (7.02%) 30 (5.69%) 0.377

12 months

Target vessel revascularization 35 (6.64%) 31 (5.88%) 0.611

Myocardial infarction 40 (7.59%) 36 (6.83%) 0.633

All cause death (n) 53 (10.06%) 40 (7.59%) 0.158

Definite/probable stent thrombosis

Acute (0–1 days) 0 (0.00%) 1 (0.19%) 0.317

Subacute (2–30 days) 8 (1.52%) 5 (0.95%) 0.402

Late (31–365 days) 6 (1.14%) 4 (0.76%) 0.525
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stents despite their theoretical advantages. In  
a large meta-analysis, treatment with BP-DES 
significantly reduced late lumen loss and late stent 
thrombosis rates, without clear benefits on harder 
endpoints compared to durable polymer DP-DES 
[27]. Herein, it was speculated that, in the pro-
inflammatory milieu typical of DM patients, the 
presence of biodegradable polymer and thinner 
struts could be important factors that could affect 
long-term outcomes after BP-SES implantation 
when compared to DP-EES [28].

A previously published study demonstrated 
favorable safety and efficacy of DP-EES in a diabetic 
population [29]. Clinical events in the present study 
was numerically higher in the BP-SES group when 
compared to the DP-EES group, however the dif-
ferences were not statically significant. Therefore, 
BP-SES demonstrated no-inferior outcomes to 
DP-EES in a diabetic population. There was no 
significant difference in TVR rates between the BP-
-SES and DP-EES groups (respectively: 6.64% vs. 
5.88%; p = 0.611). The current study also showed 
that treatment with BP-SES was not associated 
with significantly increased mortality (respectively: 
10.06% vs. 7.59%; p = 0.158) and MI rates (respec-
tively: 7.59% vs. 6.83%; p = 0.634) when compared 
to DP-EES. Furthermore, no significant differences 
were found in terms of definite and probable stent 
thrombosis (BP-SES 2.66% vs. DP-SES 1.90%;  
p = 0.408). The 12-month rates of ST found in this 
study are slightly higher than in randomized tri-
als comparing biodegradable and durable polymer 
coated DES. However, it needs to be emphasized 
that the mentioned difference is probably attributed 
exclusively to a diabetic population and a high pro-
portion of patients with acute coronary syndromes 
which are included in present study [30].

It has been previously postulated that longer 
follow-up is required to demonstrate risk reduction 
of adverse events in favor of BP-DES compared 
with DP-DES [31]. For example, 5-year results 
in the LEADERS trial showed BP-DES was as-
sociated with a significant reduction in very late,  
(> 1 year), definite stent thrombosis [32]. There-
fore, follow-up beyond 1 year is required to clarify 
the potential benefit of BP-SES over DP-EES on 
clinical outcomes in the DM population.

Taking into consideration the above observa-
tions, in a propensity-matched cohort, the opinion 
reached was that BP-SES included in the present 
study displays a similar efficacy profile as bench-
mark DP-EES, without compromising safety, which 
is of utmost importance among DM patients treated 
in routine clinical practice. 

Limitations of the study
First, the current study is limited by its ob-

servational nature and patients were not enrolled 
in a randomized fashion. Thus, any findings should 
be confirmed by prospective and sufficiently pow-
ered clinical trials. Nevertheless, more challeng-
ing patients are often excluded from randomized 
controlled trials. For such reasons, observational 
studies can be used as complementary forms of 
research in real-world populations [33]. An at-
tempted to minimize the selection bias on whether 
to implant BP-SES or DP-EES by using a propen-
sity score matching for a wide range of variables 
was undertaken. However, not all differences be-
tween the groups could be addressed. For example, 
matching by coronary lesion complexity according 
to the American College of Cardiology/American 
Heart Association classification was not performed.

Second, no routine angiographic surveillance 
was scheduled, and thus no conclusions regard-
ing potential restenosis could be made. Also, no 
intravascular imaging data was collected. Adequate 
DAPT is one of the most important factors prevent-
ing stent thrombosis. However,  data on antiplatelet 
drug compliance during follow-up was not available.

Third, only patients treated between 2010 
and 2014 were evaluated due to lack of currently 
available follow-up for 546 patients treated in the 
years 2015–2016.

Fourth, optimal medical therapy could have 
impacted clinical outcomes, especially in terms of 
ST and cardiac death, but unfortunately no specific 
analysis was performed because data from therapy 
at follow-up was not available. 

Finally, the present study is limited to 1 year of 
follow-up, while theoretical differential clinical out-
comes between the compared technologies might 
have been observed during long-term follow-up. 

Conclusions

This is the first competitive evaluation of  
BP-SES vs. DP-EES in DM population. It provides 
evidence for the safety and efficacy of BP-SES. 
The 12-month outcomes for BP-SES were similar 
to DP-EES. These findings should be verified in  
a prospective, randomized trial. 
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Abstract
Background: Elevation of soluble suppression of tumorigenicity 2 (sST2) is associated with cardiac 
fibrosis and hypertrophy. Under investigation herein, was whether sST2 level is associated with major 
adverse cardiac events (MACE) and left ventricular (LV) remodeling after primary percutaneous coro-
nary intervention (PCI) in patients with acute ST-segment elevation myocardial infarction (STEMI).
Methods: In total, this study included 184 patients who underwent successful primary PCI.  A sub-
sequent guideline-based medical follow-up was included (61.4 ± 11.8 years old, 85% male, 21% with 
Killip class ≥ I). sST2 concentration correlations with echocardiographic, angiographic, laboratory 
parameters, and clinical outcomes in STEMI patients were evaluated. 
Results: The median sST2 level was 60.3 ng/mL; 6 (3.2%) deaths occurred within 1 year. The sST2 
level correlated with LV ejection fraction (LVEF) changes from baseline to 6 months (r= –0.273;  
p = 0.006) after adjustment for echocardiographic parameters including wall motions score index 
(WMSI). Recovery of LVEF at 6 months was highest in the tertile 1 group (∆6 months – baseline LVEF; 
tertile 1, p = 0.001; tertile 2, p = 0.319; tertile 3, p = 0.205). The decrease in WMSI at 6 months was 
greater in the tertiles 1 and 2 groups than in the tertile 3 group (∆6 months – baseline WMSI; tertile 1, 
p = 0.001; tertile 2, p = 0.013; tertile 3, p = 0.055). There was no association between sST2 levels and 
short-term (log rank p = 0.598) and long-term (p = 0.596) MACE.
Conclusions: sST2 concentration have predictive value for LV remodeling on echocardiography in 
patients with STEMI who underwent primary PCI. However, sST2 concentration was not associated 
with short-term and long-term MACE. (Cardiol J 2021; 28, 2: 244–254)
Key words: suppression of tumorigenicity 2 protein, myocardial infarction,  
left ventricular remodeling

Introduction

Acute ST-segment elevation myocardial infarc-
tion (STEMI) makes a significant contribution to 
morbidity and mortality in many parts of the world 
[1–4]. It is well known that early diagnosis and 
proper management, especially delay from the on-

set of symptoms to revascularization are important 
for long-term prognosis [5, 6]. Timely diagnosis 
allows physicians to stratify their patients by risk, 
and consequently provides them with the opportu-
nity to select appropriate treatments. Biomarkers 
have been used to assist with timely diagnosis and 
to predict precise short- or long-term prognosis in 

clinical cardiology
Cardiology Journal 

2021, Vol. 28, No. 2, 244–254
DOI: 10.5603/CJ.a2020.0028 
Copyright © 2021 Via Medica

ISSN 1897–5593 
eISSN 1898–018X

244 www.cardiologyjournal.org

original article



STEMI patients. As a result, cardiac biomarkers, 
such as creatine phosphokinase (CPK), creatinine 
kinase-myocardial band (CK-MB), cardiac specific 
troponins, and natriuretic peptides, are widely used 
to diagnose and predict prognosis in patients with 
STEMI [7–9]. Circulating soluble suppression of 
tumorigenicity 2 (sST2) is a known biomarker of 
cardiac remodeling and inflammation, especially in 
heart failure (HF) patients. It is thought to act as 
a decoy receptor for interleukin-33, rendering it 
unavailable to membrane-bound ST2 receptors that 
medicate anti-inflammatory and anti-fibrotic effects 
[10–12]. Several studies have reported that in-
creased sST2 in the initial phase of STEMI is closely 
related to adverse outcomes, both in the short- and 
long-term [13–16]. However, current guidelines 
do not recommend the examination of sST2 as  
a biomarker in the treatment for STEMI. Therefore, 
under investigation herein, are the associations 
between the concentration of sST2 and the clinical 
and echocardiographic outcome. Its performance 
was compared to established risk predictors such as 
the Killip classification, Thrombolysis in Myocardial 
Infarction (TIMI) risk score, and the Canadian acute 
coronary syndrome (CACS) score.

Methods

Study design and population
The study was a single center, retrospective, 

observational study. The study population con-
sisted of 184 patients who underwent successful 
primary percutaneous coronary intervention (PCI) 

for STEMI from January 2014 to April 2017 at the 
Chungbuk National University Hospital, Republic 
of Korea. In total, 184 patients were included.  
Figure 1 shows the study flow chart. Written in-
formed consent was obtained from all patients, and 
exclusion criteria were as follows: (1) end-stage 
renal disease requiring dialysis; (2) life expectancy 
< 12 months; (3) pre-hospital or pre-PCI car-
diac arrest; (4) prior coronary artery bypass graft 
surgery; (5) known malignancy or inflammatory 
disease. The study complied with the Declaration 
of Helsinki and was approved by the institutional 
review board (IRB) of Chungbuk National Univer-
sity Hospital (CBNUH 2018-07-013).

Laboratory assays
All plasma samples were collected before 

primary PCI with arterial access. The plasma 
samples were stored in plastic cryovials at –80°C 
at the Chungnbuk National University Hospital 
Brach Bank of the Korean Biobank Network until 
required for analysis. The sST2 concentration in 
blood specimens was measured using an enzyme-
linked immunosorbent assay kit (ELISA) (Elabsci-
ence Biotechnology, China) [17]; calibration and 
standardization were performed according to the 
manufacturer instructions. Intra-assay and inter-
assay coefficients of variance were reported as  
< 2.5% and < 4.0%, respectively [18]. To examine  
a dose-response relationship between sST2 and 
outcomes, tertiles of sST2 were analyzed and defined 
as tertile 1: 0 < 53.6 ng/mL, tertile 2: 53.6 ≤ sST2 
< 72.0 (ng/mL), and tertile 3: sST2 ≥ 72.0 (ng/mL).

Patients who underwent
primary PCI for STEMI

in the Chungbuk National Hospital
Acute Coronary Syndrome registry
from January, 2014 to April, 2017

(n = 241)

184 patients were divided into tertile groups
by baseline sST2 (ng/mL) level

Tertile 1
23.2 £ sST2 < 53.6

(n = 62)

Tertile 2
53.6 £ sST2 < 72.0

(n = 61)

Tertile 3
72.0 £ sST2

(n = 61)

Exclusion:
8 cardiac arrest
6 NSTEMI by reviewing medical record
43 inadequate blood sample for analysis sST2

Figure 1. Study flow chart of patient enrolment; NSTEMI — non-ST-segment elevation myocardial infarction; STEMI —  
ST-segment elevation myocardial infarction; PCI — percutaneous coronary intervention.
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Initial treatment strategies
The initial treatments in hospitalized patients 

with STEMI were administration of loading doses 
for dual antiplatelet agents and primary PCI that 
was performed after intravenous administration  
of 7,000 IU of heparin. Second generation drug-
eluting stents were implanted in all patients, and 
the decision on whether to use intravascular im-
aging modalities, an intra-aortic balloon pump, 
thrombectomy devices, or extracorporeal membrane 
oxygenation devices was made by the operator. 

Time for revascularization was determined 
in three ways: (1) time from symptom onset to 
balloon inflation, (2) time from symptom onset to 
medical contact, and (3) time from medical contact 
to balloon inflation. All patients received standard 
medical treatment with revascularization at the 
discretion of the attending physician.

Echocardiographic measurement
All patients underwent transthoracic echocar-

diography (IE33, Philips Medical System, Ando-
ver, MA, USA; Vivid 7, GE Vingmed Ultrasound, 
Horten, Norway; SC2000, Siemens, Erlangen, 
Germany) within 12 hours of the index procedure. 
The left ventricular (LV) systolic function (LV 
ejection fraction [LVEF]), LV internal dimension 
at diastole (LVIDd), ratio of the early diastolic peak 
mitral inflow velocity to early diastolic mitral annu-
lar velocity (E/E’), left atrial volume index (LAVI), 
and wall motion score index (WMSI) were obtained 
according to the American Society of Echocardio- 
graphy guidelines [19]. Follow-up echocardiog-
raphy was performed 6 months after discharge 
at outpatient clinics. ∆LVEF, ∆LVIDd, ∆E/E’, 
∆LAVI, and ∆WMSI were defined by subtracting 
the baseline echocardiographic parameters from 
the echocardiographic performed 6 months after 
discharge from initial hospitalization.

Follow-up and endpoint
Standard medications, including dual antiplate-

let agents, beta-blockers, renin–angiotensin–al-
dosterone system inhibitors, statins, and nitrates, 
were provided by responsible physicians according 
to the guidelines. The primary endpoint was ma-
jor adverse cardiac event (MACE) at 1 year; this 
comprised of occurrence of cardiovascular death, 
non-fatal myocardial infarction (MI), and non-fatal 
stroke. The secondary endpoint was differences 
in echocardiographic parameters indicating LV 
remodeling between baseline and 6-month follow-
up. The endpoints were obtained by reviewing 
electronic hospital medical records. 

Statistical analysis
Demographic, clinical, echocardiographic, and 

laboratory variables were described as means and 
standard deviation (SD) in normally distributed 
variables, and variables with a non-normal distribu-
tion were described as medians and interquartile 
range (IQR). The analysis of variance was used to 
compare normally distributed variables, and the 
Kruskal-Wallis test was used to compare continu-
ous variables in a state of non-normality. Categori-
cal variables were compared using the c2 test or 
the Fisher exact test. Univariable Pearson and 
Spearman correlation and partial correlation were 
used to evaluate the magnitude and significance of 
relationships among continuous variables.

The Wilcoxon signed rank test was used to 
compare changes in echocardiographic parameters 
by time within groups. Multiple Cox proportional 
hazard analyses were performed in an effort to 
identify independent predictors of 1-year MACE 
after primary PCI. Variables were retained and en-
tered into a multivariable model if their univariable 
p value was < 0.05.

The Kaplan-Meier method was used to esti-
mate event-free survival, and differences between 
the curves were compared using the log-rank test.

Analyses were performed using SPSS 25.0 
(SPSS Inc, Chicago, IL, USA), and SAS 9.4 (SAS 
Institute Inc, Cary, NC, USA). P-values (two-tailed) 
< 0.05 were considered to indicate statistical 
significance.

Results

Patient characteristics related to sST2 tertile
In total, 184 subjects, who were followed up  

1 year after successful primary PCI for STEMI, 
were evaluated in this study. The mean age of the 
subjects was 61.4 ± 11.8 years, and 15% were 
female. In addition, 57% had a culprit lesion in the 
left anterior descending artery, the median (IQR) 
symptom to door time was 120 (53, 267) min, the 
door to balloon time was 39 (30, 50) min, 21% were 
Killip classification ≥ 2, 54% were TIMI risk score 
> 4, 17% were CACS score > 1, and 100% present-
ed with STEMI. The median sST2 concentration 
was 60.3 ng/mL (25th, 75th percentile: 48.7, 77.3 ng/ 
/mL, respectively; range: 23.2–197.5 ng/mL).  
Of these, 62 (33.6%) patients were included in ter-
tile 1, 61 (33.2%) patients were included in tertile 2,  
and 61 (33.2%) patients were included in tertile 3.  
The baseline characteristics of patients strati-
fied by sST2 concentration are shown in Table 1. 
Higher sST2 concentration showed an association 
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Table 1. Baseline characteristics according to sST2 tertile in patients with ST-segment elevation  
myocardial infarction.

Variables Overall  
(n = 184)

sST2 [ng/mL] P

Tertile 1 
23.2 ≤ sST2 < 53.6 

(n = 62)

Tertile 2 
53.6 ≤ sST2 < 72.0 

(n = 61)

Tertile 3 
72.0 ≤ sST2 

(n = 61)

Age [years] 61.4 ± 11.8 58.4 ± 9.8 63.0 ± 12.7 62.5 ± 12.3 0.058

Body weight [kg] 67.8 ± 12.4 68.8 ± 11.8 66.6 ± 13.0 68.5 ± 12.2 0.554

Female 28 (15%) 9 (15%) 8 (13%) 11 (18%) 0.763

Baseline HR [bpm] 76 ± 20 75 ± 20 76 ± 18 77 ± 22 0.910

Baseline SBP [mmHg] 130 (110, 145) 130 (110, 149) 130 (110, 140) 130 (109, 146) 0.885

Baseline DBP [mmHg] 80 (70, 90) 80 (70, 90) 79 (70, 90) 80 (70, 90) 0.597

Symptom to door time [min] 120 (53, 267) 117 (40, 280) 120 (58, 201) 120 (49, 342) 0.876

Symptom to balloon time [min] 160 (88, 300) 162 (87, 315) 168 (87, 248) 160 (93, 380) 0.911

Door to balloon time [min] 39 (30, 50) 40 (30, 52) 37 (28, 50) 40 (33, 50) 0.343

Prior angina 8 (4%) 3 (5%) 2 (3%) 3 (5%) 1.000

Smoking 127 (69.0%) 39 (63%) 44 (72%) 44 (72%) 0.462

Hypertension 101 (55%) 28 (45%) 34 (56%) 39 (64%) 0.111

Diabetes 59 (32%) 17 (28%) 18 (30%) 24 (39%) 0.332

Culprit lesion: 0.660

LAD 105 (57%) 37 (60%) 38 (62%) 30 (49%)

LCX 20 (11%) 6 (10%) 6 (10%) 8 (13%)

RCA 59 (32%) 19 (31%) 17 (28%) 23 (38%)

Killip class > I 38 (21%) 10 (16%) 10 (16%) 18 (30%) 0.125

TIMI risk score > 4 99 (54%) 27 (44%) 35 (57%) 37 (61%) 0.131

CACS risk score > 1 25 (17%) 7 (11%) 11 (18%) 14 (23%) 0.226

Medication:

ASA 184 (100%) 62 (100%) 61 (100%) 61 (100%) 1.000

P2Y12 inhibitors* 175 (95%) 60 (97%) 56 (92%) 59 (97%) 0.474

Beta-blocker 159 (86%) 56 (90%) 49 (80%) 54 (89%) 0.221

ACEI or ARB 149 (81%) 51 (82%) 50 (82%) 48 (79%) 0.892

Statin 170 (93%) 58 (94%) 56 (92%) 56 (93%) 0.939

Laboratory findings:

Initial CPK [IU/L] 132 (85, 256) 135 (89, 259) 130 (85, 256) 129 (78, 258) 0.937

Peak CPK [IU/L] 1895 (769, 3757) 1594 (602, 3882) 1888 (684, 3713) 1927 (905, 3846) 0.657

Initial CK-MB [ng/mL] 3.3 (1.8, 10.9) 2.7 (1.7, 7.2) 3.2 (1.7, 10.9) 3.7 (1.8, 14.8) 0.661

Peak CK-MB [ng/mL] 184.8  
(62.3, 300.0)

157.4  
(60.0, 300.0)

190.5  
(61.0, 300.0)

188.5  
(66.7, 300.0)

0.719

Peak CK-MB > 300 62 (34%) 20 (32%) 21 (34%) 21 (35%) 0.942

Initial troponin-T [ng/mL] 0.03 (0.01, 0.13) 0.02 (0.01, 0.07) 0.02 (0.01, 0.11) 0.04 (0.01, 0.21) 0.273

Peak troponin-T [ng/mL] 2.74 (0.96, 6.01) 1.42 (0.44, 5.89) 3.77 (1.12, 6.75) 2.92 (0.76, 5.89) 0.117

Peak troponin-T > 10 23 (13%) 7 (11%) 10 (16%) 6 (10%) 0.569

Initial pro-BNP [pg/mL]† 90.4  
(33.6, 394.8)

57.5  
(24.9, 212.0)

59.9  
(17.9, 335.6)

172.4  
(36.8, 926.9)

0.339

Initial hs-CRP [mg/L] 0.16 (0.10, 0.29) 0.16 (0.10, 0.29) 0.16 (0.11, 0.41) 0.17 (0.11, 0.27) 0.728

Initial WBC [/uL] 11290  
(8830, 13700)

11065  
(8618, 14090)

11500  
(9065, 13090)

10630  
(9060, 13695)

0.825

Initial eosinophil [/uL] 11 (4, 20) 13 (4, 24) 10 (4, 20) 10 (3, 20) 0.524

Æ
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with trends for old age, hypertension, higher Killip 
classification, TIMI risk score, and CACS score, 
although these were not statistically significant. 
Furthermore, the sST2 level was not associated 
with age, body weight, sex, smoking, prior angina, 
diabetes, culprit lesion, and time from symptom 
onset to initiation of primary PCI. The levels of 
initial and peak CPK, CK-MB, and cardiac spe-
cific troponin were not significantly higher in the 
higher sST2 tertile groups compared to tertile 1.  
Inflammatory biomarkers, including high sensitiv-
ity C-reactive protein (hs-CRP), white blood cell 
(WBC) and eosinophil count, were not significantly 
different among three groups of sST2 concentra-
tion. There were no differences in the short- and 
long-term MACEs based on sST2 concentration.

sST2 and echocardiographic  
angiographic data

A summary of the echocardiographic data is 
provided in Tables 2 and 3. When categorized by 
sST2 concentration, there were no significant dif-
ferences in the baseline and follow-up in terms of 
LVEF, LVIDd, E/E’, LAVI, and WMSI among the 
sST2 tertile groups (Table 2). However, in terms of 
changes in echocardiographic parameters, a lower 
sST2 concentration was associated with ∆LVEF 
(absolute percent point difference of LVEF at  
6 month vs. baseline; tertile 1, 7.3 [–0.8, 15.8],  
p = 0.001; tertile 2, 1.3 [–4.3, 9.1], p = 0.319; 
tertile 3, 1.7 [–8.1, 10.1], p = 0.205) and ∆WMSI  

(absolute numeric difference of WMSI at 6 month  
vs. baseline; tertile 1, –0.1 [–0.2, 0], p = 0.001;  
tertile 2, –0.1 [–0.2, 0.1], p = 0.013; tertile 3,  
0 [–0.3, 0], p = 0.055; Table 3 and Fig. 2). 

sST2 levels in relation to other biomarkers 
and risk stratification strategies

A significant univariate association was found 
only between baseline sST2 concentration and 
∆LVEF (r = –0.232, p = 0.018). The baseline 
troponin-T level was not statistically significant 
but showed a correlation tendency with baseline 
sST2 concentration (r = 0.144, p = 0.051). Fol-
lowing adjustment for the relevant variables, 
partial correlation analysis showed a constant as-
sociation between sST2 concentration and ∆LVEF  
(r = –0.273, p = 0.006; adjusted by ∆LVIDd, ∆E/E’, 
∆LAVI, and ∆WMSI).

According to categories in the known risk strat-
ification strategies, including Killip classification, 
TIMI risk score, and CACS score, there were no 
significant differences between risk scores (Fig. 3).  
In the linear regression model, no significant as-
sociations were found between sST2 and known 
risk stratification strategies (sST2 and Killip clas-
sification, b = 0.005, p = 0.320; sST2 and TIMI 
risk score, b = 0.008, p = 0.220; sST2 and CACS 
score, b = 0.008, p = 0.222). However, there were 
significant associations among risk stratification 
strategies (TIMI risk score and Killip classification, 
b = 0.382, p < 0.001; CACS score and Killip clas-

Table 1 (cont.). Baseline characteristics according to sST2 tertile in patients with ST-segment elevation  
myocardial infarction.

Variables Overall  
(n = 184)

sST2 [ng/mL] P

Tertile 1 
23.2 ≤ sST2 < 53.6 

(n = 62)

Tertile 2 
53.6 ≤ sST2 < 72.0 

(n = 61)

Tertile 3 
72.0 ≤ sST2 

(n = 61)

Major cardiac event (30 days): 

Cardiac death 6 (3%) 2 (3%) 3 (5%) 1 (2%) 0.702

Heart failure 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1.000

Major cardiac event (1 year):

Cardiac death 6 (3%) 2 (3%) 3 (5%) 1 (2%) 0.702

Heart failure 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1.000

*Ticagrelor 124 (71%), prasugrel 17 (10%), clopidogrel 39 (19%)
†pro-BNP level was obtained in 19 subjects
Data are presented as number (%) and mean (standard deviation) or median (interquartile).  
Non-parametric continuous variables, which were evaluated by the Kolmogorov-Smimov method, were analyzed by the Kruskal-Wallis test. 
sST2 — soluble suppression of tumorigenicity 2; HR — heart rate; SBP — systolic blood pressure; DBP — diastolic blood pressure; LAD — 
left anterior descending artery; LCX — left circumflex artery; RCA — right coronary artery; TIMI — Thrombolysis in Myocardial Infarction; 
CACS — Canadian acute coronary syndrome; ASA — acetylsalicylic acid; ACEI — angiotensin-converting enzyme inhibitor; ARB — angiotensin 
receptor blocker; CPK — creatine phosphokinase; CK-MB — creatine kinase myocardial bound; BNP — B-type natriuretic peptide; hs-CRP — 
high sensitivity C-reactive protein; WBC — white blood cell
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sification, b = 0.605, p < 0.001; TIMI risk score 
and CACS score, b = 0.658, p < 0.001). 

Association between adverse  
outcomes and sST2 concentration

Over the course of 1 year following the index 
PCI, 6 MACE occurred (6 cardiovascular deaths), 
with an event rate of 3%, and all events occurred 
within 30 days. Cox regression analysis was used 
to identify independent predictors for MACE after 
primary PCI, and the results are shown in Table 4. 
Baseline systolic blood pressure, symptom to door 
time, symptom to balloon time, TIMI risk score, 
and CACS score were independently associated 
with 1-year MACE by univariate analysis. After 
adjusting these variables, baseline systolic blood 
pressure (HR 0.97 [0.94–0.99], p = 0.011) was 
found to independently predict 1-year MACE in 
this registry. sST2 concentration was not shown 
to be associated with both short- and long-term 
outcomes by survival analysis (Fig. 4). 

Discussion

Main findings
The current study sought to explore the 

relationship among pre-procedural serum sST2 
concentration and clinical, echocardiographic, and 
laboratory results in patients with STEMI. The 

Table 3. Comparisons of serial changes in  
echocardiographic parameters after 6 months 
compared to baseline.

∆ 6 month  
— baseline

P

Tertile 1 (n = 34)

LVEF [%] 7.3 (–0.8, 15.8) 0.001

LVIDd [mm] 0 (–1.3, 3.5) 0.309

E/E’ –0.7 (–2.4, 1.8) 0.487

LAVI [mL/m2] 1.2 (–4.9, 7.1) 0.260

WMSI –0.1 (–0.2, 0) 0.001

Tertile 2 (n = 33)

LVEF [%] 1.3 (–4.3, 9.1) 0.319

LVIDd [mm] –0.5 (–3.2, 2.9) 0.894

E/E’ 0.5 (–2.1, 2.8) 0.889

LAVI [mL/m2] 1.2 (–5.9, 5.6) 0.407

WMSI –0.1 (–0.2, 0.1) 0.013

Tertile 3 (n = 36)

LVEF [%] 1.7 (–8.1, 10.1) 0.205

LVIDd [mm] 1.2 (–1.2, 3.8) 0.067

E/E’ –1.0 (–2.9, 1.0) 0.090

LAVI [mL/m2] –0.6 (–5.3, 7.8) 0.972

WMSI 0 (–0.3, 0) 0.055

Data are presented as median (interquartile) and were analyzed 
through Wilcoxon signed rank sum test. LVEF — left ventricular 
ejection fraction; LVIDd — left ventricular internal dimension, dias-
tolic; LAVI — left atrial volume index; WMSI — wall motions score 
index

Table 2. Echocardiographic parameters according to sST2 tertile in patients with ST-segment elevation 
myocardial infarction.

Variables
 

sST2 [ng/mL] P

Tertile 1
23.2 ≤ sST2 < 53.6

Tertile 2
53.6 ≤ sST2 < 72.0

Tertile 3
72.0 ≤ sST2 < 197.5

Baseline (n = 181)

LVEF [%] 58 (46, 66) 62 (56, 69) 58 (52, 66) 0.241

LVIDd [mm] 50 (47, 52) 51 (46, 54) 50 (46, 54) 0.687

E/E’ 10.3 (8.1, 12.6) 10.4 (8.5, 13.9) 11.7 (8.8, 16.2) 0.319

LAVI [mL/m2] 27.9 (25.5, 33.3) 30.5 (26.1, 39.0) 29.7 (24.5, 36.5) 0.178

WMSI 1.4 (1.1, 1.8) 1.4 (1.1, 1.6) 1.4 (1.1, 1.7) 0.498

6-month follow-up (n = 103)

LVEF (%] 63 (56, 70) 64 (58, 72) 61 (53, 69) 0.676

LVIDd [mm] 51 (48, 54) 51 (48, 55) 51 (47, 54) 0.841

E/E’ 9.3 (7.7, 11.8) 9.9 (8.5, 14.0) 9.6 (8.4, 11.2) 0.564

LAVI [mL/m2] 28.3 (25.3, 32.6) 31.0 (26.9, 35.7) 29.2 (24.6, 36.8) 0.459

WMSI 1.2 (1.0, 1.6) 1.2 (1.0, 1.4) 1.3 (1.0, 1.7) 0.714

Data are presented as number (%) and mean (standard deviation) or median (interquartile). Non-parametric continuous variables, which  
were evaluated by the Kolmogorov-Smimov method, were analyzed by the Kruskal-Wallis test. LVEF — left ventricular ejection fraction;  
LVIDd — left ventricular internal dimension, diastolic; LAVI — left atrial volume index; WMSI — wall motions score index
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results demonstrated that an elevated concentra-
tion of sST2 was a negative predictor of improve-
ment in LV systolic function 6 months after index 
primary PCI and lower sST2 tertile groups were 
associated with a significant improvement in WMSI 
at 6 months. However, a higher sST2 level was not 
shown to be a predictor of adverse cardiovascular 
outcomes, independent of traditional risk stratifica-
tion strategies, including the TIMI risk score, Killip 
classification, and CACS score for STEMI. Further-
more, the sST2 level was not associated with other 
biomarkers, including peak CPK, CK-MB, and 
cardiac specific troponin, and was not shown to be 
associated with other risk stratification strategies. 
The location of culprit lesions was not associated 
with serum sST2 concentration. there was no 
statistical association found between the serum 
sST2 concentration and adverse cardiovascular 
outcomes after primary PCI in this single registry.

sST2 and cardiovascular disease
It is known that ST2, an interleukin-1 receptor 

family member, is basally expressed by cardiomyo-
cytes [20]. ST2 consists of membrane and soluble 
forms, and an increase in soluble ST2 has been 
shown to negatively impact the cardioprotective 
effect, which in turn, can lead to myocardial re-
modeling and fibrosis [21, 22]. This finding raised 
the possibility that the concentration of sST2 may 
be of predictive value in cardiovascular disease. In-
deed, preclinical studies have shown upregulation 
of sST2 in cardiomyocytes in models of MI [23], 
while clinical studies have demonstrated the as-
sociation between a higher sST2 concentration and 
adverse cardiovascular outcomes in patients with 
STEMI [13–16, 24]. Furthermore, several studies 
have demonstrated that short-term changes in 
sST2 concentration were prognostic of mortality 
in severe HF [25] among dyspneic patients with 
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Figure 3. Comparison of sST2 level for Killip, TIMI risk score, CACS score classification in patients with ST-segment 
elevation myocardial infarction; A. Killip classification 1 vs. > 1; B. TIMI risk score < 4 vs. ≥ 4; C. CACS score 0 vs. > 0;  
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and without acute HF [26]. Many further reports  
corroborated the prognostic power of sST2 in 
multiple acute and chronic cardiovascular settings 
[27, 28].

sST2 as a predictor of 30-day and 1-year 
MACE after primary PCI

Two reports on data derived from three ran-
domized clinical trials in patients with STEMI 

Table 4. Cox regression analysis for predictors of 1-year major adverse cardiac events.

Univariable analysis Multivariable model 1*

Unadjusted HR (95% CI) P Adjusted HR (95% CI) P

Age 1.03 (0.96–1.11) 0.364

Female 2.27 (0.50–14.9) 0.247

Smoking 0.45 (0.09–2.23) 0.328

Hypertension 4.26 (0.50–36.4) 0.186

Diabetes 1.09 (0.20–5.92) 0.925

Baseline SBP 0.97 (0.95–0.99) 0.001 0.97 (0.94–0.99) 0.011

Symptom to door time 1.00 (1.00–1.00) 0.035 1.00 (1.00–1.00) 0.022

Symptom to balloon time 1.00 (1.00–1.00) 0.036

Door to balloon time 1.00 (0.95–1.06) 0.974

LAD vs. non-LAD lesion 1.53 (0.28–8.34) 0.624

Killip classification 1.61 (0.90–2.89) 0.111

TIMI risk score 1.56 (1.12–2.16) 0.009 1.27 (0.68–2.37) 0.451

CACS score 2.73 (1.27–5.89) 0.010 0.85 (0.16–4.36) 0.840

Peak CPK 1.00 (1.00–1.00) 0.351

Peak CK-MB 1.00 (0.99–1.01) 0.978

Peak troponin T 1.30 (1.02–1.65) 0.170

sST2 0.99 (0.95–1.02) 0.439

Tertile by sST2:

Tertile 2 vs. 1 1.53 (0.26–9.12) 0.644

Tertile 3 vs. 1 0.51 (0.05–5.60) 0.580

*Model 1: Adjusted for the baseline SBP, symptom to door time, TIMI risk score, and CACS score. The pro-BNP was not included in the  
analysis due to the small number of subjects. CI — confidence interval, HR — hazard ratio; rest abbreviations are defined in Tables 1 and 2.

Figure 4. Cumulative incidence of major cardiac adverse events (MACE) during 30 days (A) and 1-year (B) by sST2 
tertile in patients with ST-segment elevation myocardial infarction. 

M
A

C
E 

fr
ee

 s
ur

vi
va

l

M
A

C
E 

fr
ee

 s
ur

vi
va

l

0 0
0.6 0.6

0.7 0.7

0.8 0.8

0.9 0.9

1.0 1.0A B

5 210 415 6

Follow-up days Follow-up months

Tertile 1
Tertile 2
Tertile 3

Tertile 1
Tertile 2
Tertile 3

Tertile 1
Tertile 2
Tertile 3

Tertile 1
Tertile 2
Tertile 3

62
61
61

62
61
61

61
59
60

60
58
60

60
58
60

60
58
60

60
58
60

60
58
60

60
58
60

60
58
60

60
58
60

60
58
60

60
58
60

60
58
60

Log rank p = 0.598 Log rank p = 0.596

20 825 1030 12

Short term outcome
with number of subjects at risk

Long term outcome
with number of subjects at risk

www.cardiologyjournal.org 251

Min Kim et al., Soluble ST2 and prognosis in myocardial infarction



provide data on the predictive value of serum sST2 
concentration for adverse outcome up to 30-days 
after MI, while further studies reported on prog-
nostic implications up to a median follow-up period 
of 20 months [13, 29, 30]. Shimpo et al. [29] showed 
that an ascending quartile of serum sST2 concen-
tration significantly corresponded to increasing 
time from symptom onset, higher heart rates, 
higher cardiac troponin-I, higher B-type natriuretic 
peptide (BNP), higher CRP, higher creatinine, and 
an increasing likelihood of an anterior location of 
the MI. However, in the present study, the sST2 
level was not correlated with other biomarkers, 
culprit lesion of MI, and time from symptom onset 
to door/balloon. Sabatine et al. [13] revealed that 
sST2 and NT-proBNP were found to have com-
plementary roles in STEMI compared to the TIMI 
risk score. Dhillon et al. [30] also demonstrated  
a correlation between sST2 and the Global Registry 
of Acute Coronary Events (GRACE) risk score. 
However, in the current study, the proBNP level 
was collected in only 19 subjects and  performing 
a correlation analysis between sST2 and proBNP 
was not possible. Furthermore, sST2 concentration 
was not associated with risk stratification strate-
gies including TIMI risk score, Killip classification, 
and CACS score. 

Although a small number of subjects have 
been included, contrary to prior studies in STEMI 
[13, 15, 16], the present results did not provide  
a prognostic power of serum sST2 concentration for  
adverse cardiovascular outcomes. One possible ar-
gument for this discrepancy is that restoration time 
of flow from symptoms onset affect to myocardial 
damage which is related to increased biomechani-
cal strain that causes higher sST2 levels. Severe 
myocardial damage and remodeling is expected in 
a relatively long term from symptom onset. Previ-
ous studies have revealed the time from symptom 
onset to lytic therapy 2.4 ± 1.3 h to 4.2 ± 3.0 h 
[13], and 2.8 ± 1.6 to 4.0 ± 1.9 [29]. Analysis of 
serial measurements of serum sST2 in 228 patients 
showed an increase sST2 with time especially af-
ter 3 h, with a peak level at 12 h for most patients 
[29]. It was identified herein, that the time from 
symptom to PCI (median; 2.7–2.8 h) was revealed 
to be relatively less than in previous studies. This 
indicates that, perhaps the impact of serum sST2 
level would not have been strong in this study.

sST2 and LV remodeling
While data related to circulating sST2 con-

centration to cardiac function and structure are 
variable and sparse, some reports have shown  

a weak inverse relationship between sST2 level 
and various cardiovascular disease cohorts [31]. 
Weir et al. [32] analyzed the relationship between 
sST2 and serial change in LV function after acute 
MI measured by cardiac magnetic resonance imag-
ing, NT-proBNP, norepinephrine, and aldosterone 
at baseline and at 12- and 24-week follow-up. It was 
demonstrated that sST2 had a significant inverse 
correlation with the change in LVEF between base-
line and 6-month follow-up. In addition, the LV end-
diastolic volume index was correlated with changes 
in sST2 concentration.  An inverse correlation was 
demonstrated between the serial change in LVEF, 
WMSI by transthoracic echocardiography, and 
baseline sST2 tertile. Furthermore, the LVEF was 
significantly increased after 6 months in tertile 1,  
and WMSI was significantly improved after  
6 months in tertiles 1 and 2. The serum sST2 con-
centration after STEMI was related to mid-term 
changes in LV function and remodeling. 

Limitations of the study
The present study should be interpreted in the 

context of its limitations. First, the present study 
is observational and was a relatively small single-
-center retrospective study. The treatment groups 
may have been confounded by selection bias. Nev-
ertheless, the cohort registry was homogenous, 
and all study populations included STEMI patients 
who underwent primary PCI and were managed 
using the same protocol. Secondly, the blood for 
sST2 measurements was taken at the presentation 
of STEMI, and the follow-up sST2 values were not 
examined. Third, 93%, 86%, and 81% of patients 
not 100% took statin, beta-blocker, and angiotensin 
converting enzyme inhibitor (ACEI) or angiotensin 
II receptor blocker (ARB) during in-hospital day 
due to elevated liver enzyme in the case of statin, 
marked sinus bradycardia even if there were no 
symptoms in the case of beta-blocker, and suspect-
ed acute kidney injury or electrolyte imbalance, 
such as hyperkalemia in the case of ACEI or ARB. 
However, most of these drugs were administered 
unless there was a specific contraindication dur-
ing outpatient clinic term. Fourth, the time from 
the first symptom onset to hospital or PCI was 
quite short compared to that of the Korea Acute 
Myocardial Infarction Registry (KAMIR), which is 
the nationwide, prospective, multicenter registry 
of Korean patients with acute MI (symptom onset 
to balloon time; median 220 min at 2014; 210 min 
at 2015; 200 min at 2016; and 212 min at 2017) 
[3]. Differences were found, including short-and 
long-term MACE, in this registry compared to 
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the KAMIR data. Although it is considered pos-
sible that a relatively short reperfusion time from 
symptom onset may have affected the outcome, 
this could not be determined in this study.

Finally, most previous studies of sST2 in car-
diac disease applied different assays than those 
used in the current study; this limits the transfer-
ability of the present results to findings of previous 
investigations.

Conclusions

In conclusion, lower values of sST2, obtained 
at the time of presentation at hospital in patients 
with STEMI resulted in less damaged myocardium 
and improved LV systolic function in the mid-term 
which is associated with a lesser likelihood of LV 
remodeling. However, higher values of sST2 were 
not associated with either short- or long-term 
MACE. Data herein, provides valuable information 
on clinical outcomes and the structural association 
with sST2 concentration. 
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Abstract
Background: Acute kidney injury (AKI) is one of the more serious complications after cardiac surgery. 
Elevated red cell distribution width (RDW) was reported as a predictor for cardiac surgery associated 
acute kidney injury (CSAKI). However, the increment of RDW by erythrocyte transfusion makes its 
prognostic role doubtful. The aim of this study is to elucidate the impact of erythrocyte transfusion on 
the prognostic role of elevated RDW for predicting CSAKI.
Methods: A total of 3207 eligible patients who underwent cardiac surgery during 2016–2017 were 
enrolled. Changes of RDW was defined as the difference between preoperative RDW and RDW measured 
24 h after cardiac surgery. The primary outcome was CSAKI which was defined by the Kidney Disease: 
Improving Global Outcomes Definition and Staging (KDIGO) criteria. Univariate and multivariate 
analysis were performed to identify predictors for CSAKI.
Results: The incidence of CSAKI was 38.07% and the mortality was 1.18%. CSAKI patients had 
higher elevated RDW than those without CSAKI (0.65% vs. 0.39%, p < 0.001). Multivariate regression 
showed that male, age, New York Heat Association classification 3–4, elevated RDW, estimated glo-
merular filtration rate < 60 mL/min/1.73 m2, cardiopulmonary bypass time > 120 min and erythrocyte 
transfusion were associated with CSAKI. Subgroup analysis showed elevated RDW was an independent 
predictor for CSAKI in the non-transfused subset (adjusted odds ratio: 1.616, p < 0.001) whereas no 
significant association between elevated RDW and CSAKI was found in the transfused patients (odds 
ratio: 1.040, p = 0.497).
Conclusions: Elevated RDW is one of the independent predictors of CSAKI in the absence of erythro-
cyte transfusion, which limits the prognostic role of the former on predicting CSAKI. (Cardiol J 2021; 
28, 2: 255–261)
Key words: red cell distribution width, erythrocyte transfusion, cardiac surgery,  
acute kidney injury
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Introduction

Acute kidney injury (AKI) is one of the preva-
lent and severe complications after cardiac surgery. 
The mortality of patients who develop cardiac 
surgery associated acute kidney injury (CSAKI) or 
severe AKI with renal replacement therapy (RRT) 
required remains high [1]. The diagnosis of AKI is 
mainly based on serum creatine and urine output, 
whereas these functional markers are insufficient 
to predict AKI at an earlier stage. Therefore, new 
biomarkers have been studied for diagnosing AKI 
earlier [2–5]. Although new biomarkers for predict-
ing AKI have been developed, they are expensive,  
and restrain the prevalence of utilization in devel-
oping countries like India, Brazil and the Chinese 
mainland, where cardiac surgery is booming and 
AKI incidence is high.

Red cell distribution width (RDW) is recog-
nized as an index of erythrocyte volume variability 
and is routinely reported as a part of a complete 
blood cell count. Recently, its role of predicting 
CSAKI has been revealed [6, 7]. RDW is reported 
associating with inflammation or ischemia reperfu-
sion injury [8, 9], and is likely to elevate after car-
diac surgery, especially surgery with cardiopulmo-
nary bypass (CPB) [10]. Accordingly, postoperative 
elevated RDW is potentially associated with the 
oxidative stress and inflammation during operation 
and early phase of the postoperative period. 

Meanwhile, erythrocyte transfusion is per-
formed widely in cardiac surgery and reported as 
a potentially modifiable risk factor for CSAKI [11]. 
Recent evidence suggests that RDW increases 
after erythrocyte transfusion [12]. However, little 
is known about whether the increment of RDW by 
transfusion will influence its value for predicting 
CSAKI. 

The purpose of the present study is to vali-
date the role of elevated RDW predicting CSAKI 
and analyze whether or not its prognostic role is 
confounded by erythrocyte transfusion.

Methods 

Patient sample
This study was approved by the ethical board 

of Zhongshan Hospital, Fudan University (Ap-
proval Number B2017–039). Informed consent was 
obtained from all participants. Data from consecu-
tive patients aged 18 years or older who under-
went valve and/or coronary artery bypass grafting 
(CABG) surgery from January 2016 to December 
2017 were included in this single-center cohort 

study. To reduce the confounding effect of acute 
life-threatening blood loss, patients who received 
plasma, platelet or more than four units of erythro-
cytes on the day of surgery were excluded. Other 
exclusion criteria were: transfusion of red blood 
cell (RBC) during the 28 days before enrollment, 
urgent surgery, preoperative mechanical ventila-
tion or tracheotomy, preoperative defibrillator 
or ventricular assist devices, preoperative RRT, 
preoperative liver dysfunction, or sepsis.

Data collection
All perioperative data were prospectively 

collected and extracted retrospectively from the 
database of Zhongshan Hospital cardiac surgery. All 
data were checked twice by professional personnel 
before input into the database. Demographic and 
procedure-related variables known to be associ-
ated with AKI were included in this study after 
a literature review. They included gender, age, 
comorbidities, contrast media exposure history, 
preoperative cardiac function status (New York 
heart association [NYHA] classification), baseline 
estimated glomerular filtration rate (eGFR, calcu-
lated with CKD-EPI formulae [13]), surgical type, 
CPB duration, and erythrocyte transfusion amount 
on the day of surgery. Each unit of erythrocyte 
contains 300 mL. Full blood counts were meas-
ured from BD EDTA-K2 samples using a Sysmex 
XN9000 electronic counter. Both preoperative and 
post-operative RDW were collected and changes 
of RDW was defined as the difference between 
preoperative RDW and RDW measured 24 h after 
cardiac surgery. The reference range of RDW value 
was 11.0–16.0% in this hospital. If there were more 
than one cardiac surgery procedures performed 
during a single hospitalization, only the data on the 
first surgery was included in the analysis. 

The primary end-point was postoperative AKI. 
AKI was defined according to the KDIGO guideline 
[14] as any of the following: increase in SCr by  
≥ 0.3 mg/dL (≥ 26.5 μmol/L) within 48 h; or increase 
in SCr to ≥ 1.5 times the baseline that is known or 
presumed to have occurred within the prior 7 days 
or urine volume < 0.5 mL/kg/h for 6 h. 

Statistical analyses
Statistical analyses were performed by SPSS 

statistics for Windows (Version 25.0. IBM Corp, 
Armonk, NY). Continuous variables were ex-
pressed as the mean ± standard deviation (SD) and 
analyzed by unpaired t-tests, with the Welch adjust-
ment when necessary. Continuous variables that 
violated the normality assumption were expressed 
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as median and 25th to 75th percentiles and analyzed 
by the Mann-Whitney U test. Categorical variables 
were expressed as absolute (n) and relative (%) 
frequency and were analyzed by the Pearson 2-test 
or the Fisher exact test whenever appropriate.  
A significant level was considered p < 0.05.

Univariate analyses were performed to iden-
tify a potential association with CSAKI and those 
with p < 0.05 were entered into multivariate 
regression analysis to identify independent risk 
factors for both end-points. An adjusted logistic 
regression model was developed with variables 
that showed p < 0.05 in univariate analysis.

Subgroup analysis was performed to elucidate 
the impact of erythrocyte transfusion on the prog-
nostic role of elevated RDW for CSAKI. Patients 
were classified into two groups according  to wheth-
er receiving transfusions or not. Multivariable re-
gressions were performed to identify the predictive 
role of elevated RDW for CSAKI in both subsets.

Results

Baseline characteristics 
A total of 3207 eligible patients who under-

went cardiac surgery during 2016–2017 were 
enrolled in this cohort study.  Characteristics of 
patients are presented in Table 1. The CSAKI 
rate in the entire cohort was 38.07% (1221/3207). 
Among AKI patients, the incidence of stage 1, 2 
and 3 were 72.9% (890/1221), 17.5% (214/1221) 
and 9.6% (117/1221). Male, elder, and those who 
had more comorbidities such as hypertension and 
impaired preoperative cardiac and renal function 
were likely to develop CSAKI. Those patients 
who underwent complex surgery with multiple 
procedures or CPB were more inclined to develop 
CSAKI as well. However, patients in the present 
study were classified as undergoing valve surgery 
and no significant relation was found between the 
occurrence of CSAKI and multidirectional surgery 
types. The postoperative RDW and elevated RDW 
were higher in patients who developed CSAKI. 
Moreover, AKI patients received more RBC trans-
fusions. The in-hospital mortality (2.8 vs. 0.2%,  
p < 0.001) and length of stay (14 vs. 13%,  
p < 0.001) of CSAKI patients were significantly 
higher as well (Table 1). The magnitude of elevated 
RDW were higher in patients who received RBC 
transfusions, regardless of the occurrence of AKI. 
However, no significant trend of elevated RDW 
between different RBC transfusion groups was 
found (Fig. 1).

Predictors for CSAKI
Univariate analysis was performed to iden-

tify potential risk factors associated with CSAKI  
from the variables that showed a p value < 0.05 in 
Table 1. Male gender (odds ratio [OR]:1.596, 95% 
CI 1.375–1.852), age (per year) (OR: 1.030, 95% 
CI 1.024–1.037), preoperative hypertension (OR: 
1.288, 95% CI 1.108–1.497), NYHA classification 
3–4 (OR: 1.407, 95% CI 1.215–1.629), preoperative 
eGFR < 60 mL/min/1.73 m2 (OR: 2.399, 95% CI 
1.851–3.108), complex procedure (OR: 2.752, 95% 
CI 2.001–3.784), CPB time > 120 min (OR: 2.134, 
95% CI 1.752–2.599), erythrocyte transfusion (per 
unit) (OR: 1.340, 95% CI 1.243–1.445) and elevated 
RDW (OR: 1.335, 95% CI 1.232–1.447) were iden-
tified as potential predictors for CSAKI (Table 2). 

Multivariate regression was developed with 
variables that showed a p < 0.05 in the uni-
variate analysis. Male gender (OR: 2.127, 95% CI 
1.759–2.571), age (per year) (OR: 1.033, 95% CI 
1.024–1.042), NYHA classification 3–4 (OR: 1.214, 
95% CI 1.002–1.471), preoperative eGFR < 60 mL/ 
/min/1.73 m2 (OR: 1.602, 95% CI 1.124–2.284), CPB 
time > 120 min (OR: 1.919, 95% CI 1.553–2.372), 
erythrocyte transfusion (per unit) (OR: 1.167, 95% 
CI 1.056–1.289) and elevated RDW (OR: 1.108, 
95% CI 1.005–1.222) were identified as independ-
ent predictors for CSAKI (Table 2). 

Subgroup analysis
Patients were classified into two groups by 

whether they received transfusions or not. The 
CSAKI rate of the transfused patients was higher 
than the non-transfused (46.9% vs. 33.8%, p < 0.001).

Multivariate regression was performed in 
both subgroups and showed elevated RDW was 
associated with CSAKI (OR: 1.613, p < 0.001) in 
the non-transfused group whereas no significance 
between the elevated RDW and CSAKI (p = 0.497) 
was found in the transfused subgroup (Table 3).

The proportion of valve surgery is higher in 
Chinese patients undergoing heart surgery.  A sub-
group analysis was performed of patients undergo-
ing valve surgery finding no significant correlation 
between e-RDW and CSAKI in patients undergoing 
blood transfusion, while increased e-RDW was  
a risk factor for CSAKI in non-transfused patients 
(OR: 1.877) (Table 4).

Discussion

The current study found that patients who 
developed CSAKI were more male, elderly and 
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Table 1. Perioperative patient characteristics of the study population.

Characteristics Without AKI (n = 1986) AKI (n = 1221) P

Demographic data

Male 1121 (56.4%) 823 (67.4%) < 0.001

Age [years] 55.21 ± 12.68 59.22 ± 10.92 < 0.001

Medical history

Hypertension 619 (31.2%) 450 (36.9%) < 0.001

Diabetes mellitus 214 (10.8%) 148 (12.1%) 0.244

NYHA classification 3–4 1108 (55.8%) 781 (64.0%) < 0.001

Laboratory index

Hemoglobin [g/L] 133.54 ± 14.98 134 ± 15.99 0.419

Albumin [g/L] 39.83 ± 3.10 39.62 ± 3.21 0.071

Pre-op RDW [%] 13.43 ± 1.32 13.48 ± 1.28 0.187

Post-op RDW [%] 13.79 ± 1.60 14.13 ± 1.55 < 0.001

Elevated RDW [%] 0.39 ± 0.22 0.65 ± 0.23 < 0.001

Kidney function

Serum creatinine [μmol/L] 76.84 ± 19.31 84.83 ± 31 < 0.001

eGFR [mL/min/1.73 m2] 90.99 ± 21.42 84.86 ± 22.98 < 0.001

Procedure

Isolated valve 1271 (64.0%) 717 (58.7%) 0.003

Single valve surgery:

AVR 374 (18.83%) 158 (12.94%) 0.106

MVP 187 (9.41%) 120 (9.82%) 0.981

MVR 148 (7.45%) 146 (11.95%) 0.225

Double valve surgery:

AVR+MVP 11 (0.56%) 35 (2.86%) 0.078

DVR 146 (7.35%) 69 (5.65%) 0.498

MVR+TVP 157 (7.90%) 65 (5.32%) 0.497

Triple valve surgery:

AVR+MVR+TVP 110 (5.53%) 104 (8.50%) 0.355

Others* 138 (6.94%) 20 (1.63%) 0.588

Minimal invasive valve surgery 128 (6.44%) 72 (5.89%) 0.974

Isolated CABG 650 (32.7%) 400 (32.8%) 0.986

Valve and CABG 65 (3.3%) 104 (8.5%) < 0.001

CPB time [min] 93.61 ± 30.58 110.82 ± 36.39 < 0.001

Erythrocyte transfusion**

0 U 1427 (71.9%) 728 (59.6%) < 0.001

1 U 397 (20.0%) 303 (24.8%) 0.001

2 U 39 (2.0%) 52 (4.3%) < 0.001

3 U 107 (5.4%) 105 (8.6%) < 0.001

4 U 16 (0.8%) 33 (2.7%) < 0.001

Prognosis

In-hospital mortality 4 (0.2%) 34 (2.8%) < 0.001

Length of hospital stay 13 (10–16) 14 (11–18) < 0.001

The values are expressed as the median (interquartile range) and mean ± standard deviation or number (percentage). P-values are the  
results of unpaired t-test or Mann–Whitney U test for continuous variables, and c2 test or Fisher’s exact test for categorical variables.  
*Other procedures include tricuspid valve surgery, repairment of paraprosthetic regurgitation.  
**The amount of erythrocyte transfusion refers to the total amount of erythrocyte transfusion for each patient received on the day of surgery.
AKI — acute kidney injury; AVR — aortic valve replacement; CABG — coronary artery bypass grafting; CPB — cardiopulmonary bypass;  
DVR — aortic valve replacement and mitral valve replacement; eGFR — estimated glomerular filtration rate, calculated by CKD-EPI formulae; 
MVP — mitral valve plasty; MVR — mitral valve replacement; NYHA — New York Heart Association; RDW — red cell distribution width;  
TVP — tricuspid valve plasty
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Figure 1. The magnitude of elevated red cell distribution width (eRDW) between different transfusion amount in both 
acute kidney injury (AKI) and non-AKI subgroups; *p < 0.001; NS — not significant;  — AKI;  — NONAKI.
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Table 2. Analysis of risk factors for CSAKI in entire cohort.

Variables Unadjusted Adjusted

OR 95% CI P OR 95% CI P

Male 1.596 1.375–1.852 < 0.001 2.127 1.759–2.571 < 0.001

Age [years] 1.030 1.024–1.037 < 0.001 1.033 1.024–1.042 < 0.001

Hypertension 1.288 1.108–1.497 < 0.001

NYHA classification 3–4 1.407 1.215–1.629 < 0.001 1.214 1.002–1.471 0.048

Elevated RDW (%) 1.335 1.232–1.447 < 0.001 1.108 1.005–1.222 0.039

eGFR < 60 mL/min/1.73 m2 2.399 1.851–3.108 < 0.001 1.602 1.124–2.284 0.009

Valve + CABG 2.752 2.001–3.784 < 0.001

CPB time > 120 min 2.134 1.752–2.599 < 0.001 1.919 1.553–2.372 < 0.001

Erythrocyte transfusion [U]* 1.340 1.243–1.445 < 0.001 1.167 1.056–1.289 0.002

*The amount of erythrocyte transfusion refers to the total amount of erythrocyte transfusion for each patient received on the day of surgery. 
CABG —coronary artery bypass grafting; CI — confidence interval; CSAKI — cardiac surgery associated acute kidney injury; CPB — cardiopul-
monary bypass; eGFR — estimated glomerular filtration rate, calculated by CKD-EPI formulae; NYHA — New York Heart Association;  
OR — odds ratio; RDW — red cell distribution width

Table 3. Subgroup analysis of risk factors for CSAKI.

Variables Transfusion Non-transfusion

OR 95% CI P OR 95% CI P

Male 2.130 1.582–2.866 < 0.001 2.216 1.722–2.850 < 0.001

Age [years] 1.030 1.016–1.044 < 0.001 1.035 1.024–1.047 < 0.001

eGFR < 60 mL/min/1.73 m2 1.888 1.165–3.060 0.01

CPB time > 120 min 2.251 1.631–3.107 < 0.001 1.675 1.257–2.232 < 0.001

NYHA classification 3–4 1.384 1.004–1.909 0.047

Erythrocyte transfusion [U]* 1.198 1.028–1.391 0.021

Elevated RDW 1.040 0.928–1.167 0.497 (NS) 1.613 1.277–2.037 < 0.001

*The amount of erythrocyte transfusion refers to the total amount of erythrocyte transfusion for each patient received on the day of surgery. 
CI — confidence interval; CSAKI — cardiac surgery associated acute kidney injury; CPB — cardiopulmonary bypass; eGFR — estimated glo-
merular filtration rate, calculated by CKD-EPI formulae; NYHA — New York Heart Association; OR — odds ratio; RDW — red cell distribution 
width; NS — not significant
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Table 4. Subgroup analysis of risk factors for CSAKI in patients underwent valve surgery.

Variables Transfusion Non-transfusion

OR 95% CI P OR 95% CI P

Male 1.035 1.020–1.051 < 0.001 1.037 1.025–1.048 < 0.001

Age [years] 1.873 1.355–2.587 < 0.001 2.194 1.703–2.826 < 0.001

NYHA classification 3–4 1.430 1.009–2.026 0.045 1.386 1.079–1.781 0.011

Erythrocyte transfusion [U]* 1.194 1.006–1.417 0.042

Elevated RDW 0.314 (NS) 1.877 1.470–2.397 < 0.001

*The amount of erythrocyte transfusion refers to the total amount of erythrocyte transfusion for each patient received on the day of surgery.  
CI — confidence interval; CSAKI — cardiac surgery associated acute kidney injury; NYHA — New York Heart Association; OR — odds ratio; 
RDW — red cell distribution width; NS — not significant

had more comorbidities. The magnitude of elevated 
RDW and erythrocyte transfusion were significant-
ly higher in those who developed CSAKI as well. 
In the entire cohort and non-transfused subgroup, 
the elevated RDW was identified as independent 
predictor for CSAKI whereas a similar association 
was not validated in the transfused subgroup.

Although extensive research has been carried 
out on the prognostic role of RDW, no single study 
exists which reports transfusion data or includes 
transfusion patients [9, 15–17]. According to avail-
able research, this is the first study describing the 
effect of transfusion on the prognostic role of RDW 
in cardiac surgery patients. 

 Elevated RDW may indicate several pathogen-
eses during perioperative phases. First, elevated 
RDW was reported to be associated with systemic 
inflammatory response and proinflammatory cy-
tokines during CPB surgery [8, 9]. Second, RDW 
increases when the number of erythrocytes in 
which hemoglobin is incompletely saturated with 
oxygen [18]. Finally, an increase of RDW reflects 
the increase in variation of erythrocyte size caused 
by oxidative stress [19].

Recent evidence has shown a relationship 
between RDW and AKI or its outcome [6, 7, 16]. In  
a previous study, the elevated RDW was indicated 
as an independent prognostic factor for severity and 
poor prognosis of CSAKI [7]. However, transfusion 
characteristics were not reported. The results in 
the current study showed a consistent interpre-
tation of elevated RDW associating with CSAKI 
in the entire cohort and non-transfused patients 
whereas a similar association was not validated in 
patients receiving erythrocyte transfusion. One 
possible explanation was that the role of elevated 
RDW indicating intraoperative inflammatory re-
sponse and oxidative stress was predominant in 
non-transfused patients whereas an identical role 

was inferior as elevated RDW can be attributed to 
erythrocyte transfusion, which was reported as 
another predictor for CSAKI [11]. 

A prior study noted the incremental effect of 
erythrocyte transfusion on RDW [12]. This elevat-
ed RDW was detectable immediately after transfu-
sion and reached its highest value at 24 h after RBC 
transfusion. In the current study, the change of 
RDW was defined as the difference between RDW 
measured 24 h after cardiac surgery and preopera-
tive RDW. If a patient received multiple numbers of 
RBC transfusion within the observation period, the 
cumulative increment of RDW by RBC transfusion 
will confound its prognostic role. In the transfused 
subgroup, each unit of erythrocyte transfusion 
increased 19.8% the risk of CSAKI. Accordingly, 
the analogous spectrum of ORs (1.08–1.26) for each 
unit of transfusion were reported in several studies 
indicating a solid association between erythrocyte 
transfusion and AKI [20–23].

Limitations of the study
There were several limitations in this study. 

First, it was a single-center retrospective study. 
Second, hematopoietic factors were not available 
in the study population, as it was not routinely 
tested in the cardiac surgery population. Finally, 
inflammatory cytokines and biomarkers were not 
measured in the present study. Therefore, the 
potential association between the severity of in-
flammation or oxidative stress and elevated RDW 
was not quantizable. 

Conclusions

In summary, the current study indicated that 
elevated RDW was associated with the onset of 
CSAKI in non-transfused cardiac surgery patients. 
A similar prognostic role of RDW was not valid in 
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transfused patients due to the increment effect of 
transfusion on RDW. This confounding influence 
shall be considered in further studies evaluating 
the role of RDW.
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Abstract
Background: Anemia and vitamin D deficiency are common factors in chronic heart failure (CHF). 
The aim of this study was to assess vitamin D levels as well as its binding protein and anemia in rela-
tion to a cause of CHF: coronary heart disease, valvular disease and cardiomyopathy. 
Methods: One hundred and sixteen consecutive patients (36 females and 80 males) with CHF were 
admitted for percutaneous coronary interventions (PCI). Hemoglobin concentration, serum creatinine, 
B-type natriuretic peptide (BNP), 25-hydroxyvitamin D [25(OH)D] and its binding protein-VDBP 
were measured.
Results: The prevalence of anemia was 22%. BNP was the highest in the group with coronary artery 
disease. Ejection fraction was the lowest in cardiomyopathy group. 25(OH)D was lowest in valvular 
disease group, significantly lower than in the coronary artery group. A similar pattern of change showed 
vitamin D binding protein. The prevalence of vitamin D deficiency (level below 20 ng/mL) in the whole 
group was 95%, in 49% of the patients 25(OH)D was below 10 ng/mL. In univariate analysis 25(OH)D  
correlated with hemoglobin, red blood cell count, hematocrit, mean corpuscular volume and BNP in 
patients with CHF in the whole group. In multiple regression analysis, predictors of 25(OH)D were 
estimated, glomerular filtration rate, BNP and valvular disease.
Conclusions: 25(OH)D deficiency is common in CHF patients. Valvular disease is associated the most 
severe vitamin D deficiency and worsened kidney function. A higher prevalence of anemia in CHF due 
to coronary heart disease may be associated with wider use of angiotensin converting enzyme inhibitors 
and acetylsalicylic acid. Heart and kidney function are predictors of 25(OH)D level in the patients of 
this study. (Cardiol J 2021; 28, 2: 262–270)
Key words: vitamin D deficiency, anemia, heart failure
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Introduction

Heart failure (HF) is a common clinical syn-
drome caused by a variety of cardiac diseases [1]. 
HF prevalence has been increasing recently due 
to an aging population and prolongation of life by 
modern therapeutic innovations. Despite improve-
ments in therapy, the mortality rate in patients 
with HF has remained unacceptably high [1]. In the 
1970s, hypertension and coronary disease, particu-
larly myocardial infarction (MI), were the primary 
causes of HF in the United States and Europe [1–3]. 
However, coronary artery disease (CAD) and diabe-
tes mellitus have become increasingly responsible 
for HF while hypertension and valve disease have 
become less common because of improvements in 
diagnosis and therapy [4–7]. Risk factors for HF 
include coronary heart disease, cigarette smoking, 
hypertension, obesity, diabetes, and valvular heart 
disease [5, 8]. Vitamin D deficiency and anemia are 
frequent findings in HF [1–4]. It was previously 
shown that the prevalence of anemia in a cohort 
undergoing percutaneous coronary intervention 
(PCI) was 21% and related to the New York Heart 
Association (NYHA) class [9].

Taking all these data into consideration, in-
cluding fact that studies on anemia and 25-hy-
droxyvitamin D [25(OH)D] in HF are scarce and 
equivocal, this cross-sectional study was designed 
to investigate: a) the prevalence of anemia and 
vitamin D deficiency in patients with HF due to 
CAD, cardiomyopathy or valvular disease undergo-
ing PCIs; b) relation between 25(OH)D, its binding 
protein and anemia in these three subpopulations. 

Methods

The study was performed on 116 consecutive 
patients: 36 females and 80 males with chronic 
HF with reduced ejection fraction admitted to the 
Department of Invasive Cardiology for PCIs. The 
criteria for patients with HF to be included in the 
study were according to the European Society 
of Cardiology (ESC) guidelines from 2016 [10]:  
1) age ≥ 18 years; 2) documented history of HF 
of ≥ 6 months; 3) left ventricular ejection fraction 
(LVEF) ≤ 40% as assessed by echocardiography 
(performed at the beginning of the study, using the 
Simpson planimetric method); 4) clinical stability 
and unchanged medications for ≥ 1 month prior to 
the study. Patients were divided into three sub-
groups: group I — patients with chronic HF due to 
CAD (n = 40); group II — patients with HF due to 
cardiomyopathy (n = 31); and group III — patients 

with HF due to valvular disease without signs or 
symptoms of CAD (n = 45).

Exclusion criteria included: 1) acute coronary 
syndrome or coronary revascularization within  
3 months before the study; 2) unplanned hospitali-
zation due to HF deterioration or any other cardio-
vascular reason within 1 month before the study; 
3) any acute or chronic illness that might influence 
iron metabolism (including malignancy, infection, 
chronic kidney disease [CKD] requiring renal re-
placement therapy, and hematological diseases);  
4) any anemia and/or iron deficiency treatment 
either at the beginning or during 12 months prior 
to the study. The study protocol was approved by 
the local ethics committee and all subjects gave in-
formed written consent. The study was conducted 
in accordance with the Declaration of Helsinki. In 
all patients, venous blood samples were taken in 
the morning following an overnight fast and after 
lying supine at rest for at least 15 min. Hematologi-
cal parameters were assessed from fresh venous 
blood sampled with ethylenediaminetetraacetic 
acid (EDTA). Biochemical parameters were as-
sessed in clotted samples. After centrifuging, 
serum was collected and frozen at –80oC until 
laboratory analysis. 

The following blood biomarkers were meas-
ured directly: hemoglobin concentration, serum 
creatinine, B-type natriuretic peptide (BNP) were 
assayed by standard laboratory methods in the 
central laboratory at the University Hospital. 
Estimated glomerular filtration rate (eGFR) was 
assessed using Chronic Kidney Disease Epide-
miology Collaboration equation (CKD-EPI) [11]. 
Creatinine clearance was estimated using the 
Cockcroft-Gault formula (creatinine clearance  
= (140 – age) × body weight/serum creatinine × 72  
if female × 0.85) [12]. 25(OH)D was assayed using 
commercially available kits from Gentaur, Kampen-
hout, Belgium and its binding protein (VDBP) using 
assays from R&D, Minneapolis, MN, USA. Kidney 
function was assessed either by serum creatinine 
or creatinine clearance according to Cockcroft-
Gault formula. 

Anemia was defined according to the World 
Health Organization (WHO) criteria, i.e., hemoglo-
bin below 12 g/dL in females and 13 g/dL in males 
[13]. According to the WHO, vitamin D insufficiency 
is defined as serum 25(OH)D below 20 ng/mL  
(50 nmoL/L) [14]. However, Holick [15] defined 
vitamin D deficiency as serum 25(OH)D level below 
20 ng/mL and vitamin D insufficiency as less than 
30 ng/mL (75 nmoL/L). The rationale to change 
the definition was based on the finding that serum 
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parathyroid hormone, which correlated negatively 
with serum 25(OH)D, declined as serum 25(OH)D 
raised and achieved a plateau at a serum 25(OH)D 
of approximately 30 ng/mL (75 nmoL/L) [16, 17].

Statistical analysis
The statistical significance of differences be-

tween the groups was tested using either analysis 
of variance with F statistics, the Student t test, or c2 
test, where appropriate. The associations between 
variables were assessed using the univariate Pear-
son correlation coefficients or the Spearman rank 
correlation coefficients. A value of p < 0.05 was 
considered statistically significant. The multiple 
regression analysis was used to determine inde-
pendent factors affecting the dependent variables. 
Factors showing linear correlation with 25(OH)D 
(p < 0.1) were included in the analysis. All statisti-
cal analyses were performed using Statistica 13.1.

Results

According to the definition, the prevalence 
of anemia in the studied cohort was 22% (18% in 
females and 25% in males). In NYHA class I preva-
lence of anemia was 11%, in class II — 22%, in class 
III — 23%, and 31% in class IV (p < 0.01 for trend). 
Baseline clinical and biochemical characteristics 
of the population studied is presented in Table 1. 
The group with cardiomyopathy was significantly 
younger than the two other groups. The degree of 
HF is reflected by NYHA class (median value was 
2 in all groups) and did not differ between groups 
studied, however BNP was the highest in the 
group with CAD and LVEF was the lowest in the 
cardiomyopathy group. Kidney function assessed 
either by serum creatinine or creatinine clearance 
according to the Cockcroft-Gault formula, which 
included body weight, which were similar, whereas 
eGFR was significantly higher in the cardiomyopa-
thy group when compared to the valvular disease 
group. 25(OH)D was lowest in valvular disease 
and cardiomyopathy group, significantly lower 
than in the coronary artery group. VDBP was 
significantly lower in group III relative to group I.  
When the definition of Holick was adopted [15], 
the prevalence of vitamin D deficiency in the whole 
group was 95%, only 6 patients had vitamin levels 
higher than 20 ng/mL, all of them in group I. Serum 
25(OH)D below 10 ng/mL was found in 49% of the 
patients studied, 40% in group I, 45% in group II 
and 60% in group III, respectively. When patients 
were classified as anemic/non-anemic it was found 
that in group I, serum iron was lower in anemic 

relative to non-anemic patients (39 ± 17 vs. 80 ±  
± 33 µg/dL, p < 0.01), as well as eGFR by CKD-EPI 
(69 ± 33 vs. 86 ± 31 mL/min/1.73 m², p < 0.05). In 
group II in anemic patients eGFR by CKD-EPI was 
lower relative to non-anemic patients (69 ± 33 vs. 
93 ± 37 mL/min/1.73 m², p < 0.05). In group III,  
NYHA class was higher in anemic patients when 
compared to their non-anemic counterparts (3 ± 1  
vs. 2 ± 0.5, p < 0.05). In univariate analysis vi-
tamin D correlated with hemoglobin (r = 0.61,  
p < 0.01; Fig. 1), red blood cell count (r = 0.42, 
p < 0.05), hematocrit (r = 0.44, p < 0.01), mean 
corpuscular volume (MCV; r = 0.25, p < 0.05) and 
BNP (r = 0.30, p < 0.01; Fig. 2) in patients with 
HF (in the whole group). Vitamin D binding protein 
was related to age (r = 0.21, p < 0.05; Fig. 3).  
In the multivariable-adjusted logistic regres-
sion analyses on the etiology of HF, predictors of 
25(OH)D were eGFR (r = 0.38, p = 0.004), BNP  
(r = 0.41, p = 0.003) and valvular etiology (r = 0.29,  
p = 0.005), adjusted R2 was 45%, F (4,53),  
p < 0.001, SE = 6.82. 

Discussion

In the present study, 25(OH)D concentration 
was assessed together with its binding protein in 
patients with HF referred for coronary angiography. 
The main finding in the current study was a high 
prevalence of vitamin D deficiency (almost 100% 
in the whole group) and an especially profound 
vitamin D deficiency (< 10 ng/mL) in HF patients. 
25(OH)D was lowest in patients with HF due to 
valvular disease, significantly lower than in patients 
with CAD. In the present study, all patients had 
25(OH)D lower than 30 ng/mL. Almost 50% of 
the population studied had 25(OH)D lower than  
10 ng/mL. It was also found that VDBP was low-
est in the valvular disease group relative to the 
coronary artery group. Measurements were done 
in the winter time. 25(OH)D levels in 24 heathy 
age and sex matched volunteers were also assessed 
and it was found that 8 of them had 25(OH)D levels 
below 20 ng/mL, but higher than 10 ng/mL. Mean 
level was 22 ± 7 ng/mL, and the VDBP level was  
337 ± 55 µg/mL. It was highly significant,  above 
(p < 0.001) than in the studied population. As 
reported in the literature, the bone-centric guide-
lines recommend a target 25(OH)D concentration 
of 20 ng/mL (50 nmol/L), and age-dependent daily 
vitamin D doses of 400–800 IU. The guidelines 
focused on pleiotropic effects of vitamin D recom-
mend a target 25(OH)D concentration of 30 ng/mL 
(75 nmol/L), and age, body weight, disease status, 
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and ethnicity-dependent vitamin D doses ranging 
between 400 and 2000 IU/day [18, 19]. 

Kolaszko et al. [20] assessed 25(OH)D levels 
in patients hospitalized in the cardiology ward 

with regard to a presence or absence of HF. It was 
found that these groups did not differ with regard 
to 25(OH)D levels. In addition, 25(OH)D levels 
were similar in patients with or without CAD, 

Table 1. Clinical and biochemical characteristics of groups studied.

Group I  
Coronary  

heart disease

Group II  
Cardio- 

myopathy

Group III  
Valvular 
 disease

P

Age [years] 68 ± 11 61 ± 10 67 ± 10 I vs. II: p < 0.01 
II vs. III: p < 0.01

Anemic patients 29% 20% 21% I vs. II: p < 0.05

Hemoglobin [g/dL] 13 ± 12 14 ± 2 13 ± 2 NS

Hematocrit [%] 40 ± 5 42 ± 5 40 ± 5 NS

Erythrocyte count [×1012/µL] 4.5 ± 0.5 4.7 ± 0.5 4.5 ± 0.6 NS

MCV [fL] 89 ± 5 90 ± 5 89 ± 4 NS

Iron [µg/dL] 65 ± 33 88 ± 33 89 ± 44 I vs. II: p < 0.01 
I vs. III: p < 0.001

Ferritin [ng/mL] 167 (79;246) 175 (113; 276) 115 (75;193) II vs. III: p < 0.05

Transferrin saturation [%] 23 ± 12 29 ± 13 28 ± 14 I vs. II: p < 0.05 
I vs. III: p < 0.05

Functional iron deficiency 7% 8% 11% NS

Absolute iron deficiency 5% 6% 9% NS

Vitamin D [ng/mL] 13 ± 6 10 ± 5 10 ± 3 I vs. II: p < 0.05 
I vs. III: p < 0.05

Vitamin D binding protein [µg/mL] 281 ± 106 262 ± 51 245 ± 81 I vs. III: p < 0.05

Vitamin D deficiency 85% 100% 100% I vs. II: p < 0.05 
I vs. III: p < 0.05

Creatinine [mg/dL] 1.0 ± 0.3 1.0 ± 0.2 1.0 ± 0.3 NS

Creatinine clearance [mL/min] 70 ± 22 72 ± 21 67 ± 17 NS

eGFR by CKD-EPI [mL/min/1.72 m2] 81 ± 31 88 ± 34 71 ± 21 II vs. III: p < 0.05

CKD prevalence 27% 30% 25% NS

Ejection fraction [%] 29 ± 8 24 ± 7 40 ± 16 I vs. II: p < 0.05 
I vs. III: p < 0.01 
II vs. III: p < 0.01

BNP [pg/mL] 328 (210; 723) 263 (125; 599) 227 (81; 466) I vs. III: p < 0.05

Hypertension 61% 57% 61% NS

Diabetes 32% 19% 28% NS

Atrial fibrillation 23% 33% 38% NS

ACEI 94% 97% 76% I vs. III: p < 0.001 
II vs. III: p < 0.001

ASA 94% 64% 55% I vs. II: p < 0.001 
I vs. III: p < 0.001

Thienopyridines 60% 24% 22% I vs. II: p < 0.001 
I vs. III: p < 0.001

Anticoagulants 11% 33% 31% I vs. II: p < 0.01 
I vs. III: p < 0.001

Diuretics 79% 87% 67% I vs. III: p < 0.05 
II vs. III: p < 0.001

Data given are percentages, means ± standard deviation or median and interquartile ranges. ACEI — angiotensin converting enzyme inhibitors; 
ASA — acetylsalicylic acid; BNP — B-type natriuretic peptide; CKD — chronic kidney diseaese; CKD-EPI — Chronic Kidney Disease Epidemiology 
Collaboration equation; eGFR — estimated glomerular filtration rate; MCV — mean corpuscular volume 
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however, the prevalence of vitamin D deficiency or 
insufficiency was not reported. The mean level of 
25(OH)D in the present study was 12 ± 5 ng/mL 
in HF and samples were taken in the winter time, 
similar to the paper by Kolaszko et al. [20]. Being 
fully aware of seasonal variations [21] data was not 
collected on dietary supplements of vitamins and 
other nutrients as well as medications affecting 
bone health (i.e. steroids). The population herein 
was slightly older than those studied by Kolaszko 
et al. [20]. Moreover, 25(OH)D was assessed and 
its binding protein in HF patients of three different 
etiologies, while in previous studies etiology was 
not taken into account. Renal function as reflected 
by eGFR was comparable to the Kolaszko et al. 
[20] study. Polat et al. [22] reported that lowered 
25(OH)D concentration in HF due to cardiomyopa-
thy was related to severity of the disease. In the 
present study, there was no correlation between 
LVEF and 25(OH)D in any group studied. 

In the Pandey et al. [23] study  more than 90% 
of HF patients with preserved ejection fraction had 
25(OH)D insufficiency, and 30% were deficient. It 
was also associated with exercise intolerance as 
reflected by lower peak VO2 and 6-minute walk 
distance in HF with preserved ejection fraction. 
Saponaro et al. [24] evaluated the levels of vitamin D  
in patients with HF and were compared to a con-
trol group to assess the effects of vitamin D on HF 
outcome. They reported that patients with HF 
had statistically lower 25(OH)D levels (p < 0.001) 
and a statistically higher prevalence of vitamin D 
insufficiency (61.1% vs. 39.5%, p < 0.001) and 
deficiency (24.7% vs. 6.6%, p < 0.001), relative 
to the healthy controls. In addition, a significant 
inverse relationship was observed between base-
line 25(OH)D and risk of HF-related death, having 
a hazard ratio of 0.59 (95% confidence interval 
0.37–0.92, p = 0.02), and was confirmed in a mul-
tivariate adjusted analysis. In corroboration with 
this study, Walker et al. [25] in a prospective cohort 
study of 1802 patients with chronic HF and LVEF  
≤ 45% found that sepsis was the major cause of 
death in their study. As sepsis death was indepen-
dently associated with lower log serum vitamin D 
than non-sepsis death, and vitamin D supplemen-
tation was suggested to possibly  be one of the 
targeted preventative strategies.

Pludowski et al. [26] evaluated the 25(OH)D 
concentration in a representative group of 5775 
adult volunteers in 22 Polish cities. Conducted 

Figure 3. Correlation between vitamin D binding protein 
and age in heart failure patients.
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Figure 1. Correlation between hemoglobin and 25(OH)D  
in heart failure patients.

Figure 2. Correlation between B-type natriuretic peptide 
(BNP) and 25(OH)D in heart failure patients.
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in late winter, mean and median concentration of 
25(OH)D were 18 ± 10 ng/mL and 16 ng/mL, re-
spectively. In the whole group (spring and winter 
measurements) serum 25(OH)D levels lower than 
20 ng/mL were found in 66%. Also reported, 16% 
of the participants had surprisingly low levels of 
25(OH)D i.e. below 10 ng/mL. In the current study, 
49% of the participants had 25(OH)D lower than  
10 ng/mL. In the study performed in northern Poland  
on 448 adults from February to mid-April, the mean 
25(OH)D level was 14 ± 7 ng/mL years and 84% 
had a concentration of less than 20 ng/mL (< 50 
nmol/L) [27]. Similar data came from a study on 
274 elderly (mean age 69 years) postmenopausal 
women living in Warsaw [28]. The mean 25(OH)D  
level was 14 ng/mL (winter time) and 83% had 
25(OH)D deficiency. A debate continues on the 
lower limit of normal for 25(OH)D levels, which 
depends upon geographic location and sunlight 
exposure of the reference population. Moreover, 
there is no consensus on optimal 25(OH)D con-
centration for skeletal or extraskeletal health. 
The Institute of Medicine concluded that a serum 
25(OH)D concentration of 20 ng/mL (50 nmol/L) 
is sufficient for most individuals [29], but other 
experts (Endocrine Society, National Osteoporo-
sis Foundation [NOF], International Osteoporosis 
Foundation [IOF], American Geriatrics Society 
[AGS]) suggest that a minimum level of 30 ng/mL  
(75 nmol/L) is necessary in older adults to mini-
mize the risk of falls and fractures [30–32]. Zhang 
et al. [33]. reported a plateau above 20 ng/mL for 
incidence, but much higher for mortality. In the 
Moli-sani study vitamin D deficiency was associ-
ated, independently of known HF risk factors, with 
an increased risk of hospitalization for HF in an 
Italian adult population [34].

In the present study, a vast majority of patients 
had vitamin D deficiency,  could not be solely as-
cribed  to impaired kidney function. Other causes 
of 25(OH)D deficiency include: decreased intake 
or absorption, reduced sun exposure, increased 
hepatic catabolism, decreased endogenous syn-
thesis (via decreased 25-hydroxylation in the liver 
or 1-hydroxylation in the kidney), or end-organ 
resistance to 25(OH)D. Winter levels of 25(OH)D 
mainly depend on food intake and previous liver 
storage. Dietary assessment was not performed in 
the present population studied. As cutaneous vita-
min D production and vitamin D stores decline with 
age [35], this explanation may also be considered, 
at least partially. In addition to reduced endogenous 
production, vitamin D intake is often low in older 
subjects. It has been also reported that in hospital-

ized patients, 25(OH)D deficiency defined as level 
< 15 ng/mL) was found in 57%, of whom 22% were 
considered severely deficient (serum concentration 
of 25(OH)D < 8 ng/mL) [36]. As shown, predictors 
of vitamin D deficiency were inadequate vitamin D 
intake, winter season, and housebound status. As 
vitamin D deficiency may be dependent, in part, 
upon the age of  patients on hospital wards [37, 38], 
it should be stressed that in a subgroup of patients 
< 65 years without known risk factors, vitamin D 
deficiency was still detected in 42% [35] of them. 
As it has been reported previously [39], vitamin D 
deficiency predisposes up-regulation of renin–an-
giotensin–aldosterone (RAA) system, causes left 
ventricle hypertrophy and vascular smooth muscle 
cell hypertrophy as well. 

Anemia was found in 22% of patients  stud-
ied. Its prevalence rose significantly with NYHA 
class (from 11% in class I to 31% in class IV).  
A subclinical inflammatory state was reported, as 
reflected by elevated levels of cytokines, hemodilu-
tion, dietary deficiencies including iron and other 
microelements, the use of medications affecting 
RAA system, CKD, poor nutrition and decreased 
bone marrow perfusion may all contribute to the 
development of anemia in HF [40–42]. Inflam-
matory cytokines or high sensitivity C-reactive 
protein were not studied in the present patients, 
however, CKD was present in 25–30% of patients 
as well as iron deficiency (both absolute and func-
tional) was diagnosed in 12–20% depending on 
the HF etiology, in addition a vast majority of the 
patients were treated with drugs affecting the RAA 
system, and as well as acetylsalicylic acid (ASA) 
and anticoagulants. Therefore, the high preva-
lence of anemia in the studied group appears to be 
multifactorial with an important role of CKD as  
a subclinical inflammatory state and iron deficiency. 
In addition, therapy of chronic HF with the RAA 
system blockade and use of other drugs potentially 
contributed as anticoagulant to the presence of 
anemia in this population. Higher prevalence of 
anemia of valvular origin of chronic HF might be 
associated with a higher prevalence of impaired 
kidney function as reflected by lower eGFR and 
creatinine clearance, higher prevalence of iron 
deficiency (both absolute and functional). 

As reviewed previously, angiotensin convert-
ing enzyme inhibitors (ACEI)/angiotensin II recep-
tor blockers (ARB) can decrease hemoglobin levels 
by 0.2–0.3 g/dL [43]. ACEI declined vascular resist-
ance in efferent arterioles in glomeruli, increased 
oxygenation in the peritubular region and thereby 
lowered the signal for synthesis of erythropoietin.  
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The tetrapetide N-acetyl-Ser–Asp–Lys–Pro  
(Ac-SDKP) named goralatide or seraspenide, a nor-
mal inhibitor of entry for pluripotent cells into the 
S-phase, is metabolized by ACE. During therapy 
with ACEI, Ac-SDKP can accumulate and cause  
a decline in erythropoiesis [44]. 

Findings in the present study show a cor-
relation between 25(OH)D and anemia in pa-
tients with HF. It may be due to the fact, that 
patients with worse kidney function and anemia had  
a lower 25(OH)D. In other studies associations 
were found in patients scheduled for cardiac sur-
gery and coronary angiography [45–47]. However, 
in the randomized controlled trials two studies 
reported no effect of vitamin D in anemia [48, 
49], while two others performed in CKD showed  
a beneficial effect of vitamin D on the dose of eryth-
ropoietin stimulating agents [50, 51]. In Effect of 
Vitamin D on Mortality in Heart Failure (EVITA) 
trial vitamin D supplementation had no effect on 
anemia prevalence in advanced HF patients [52]. In 
the EVITA trial prevalence of anemia was 17% in 
the treatment group and 11% in the placebo group, 
whereas at termination of the study, the prevalence 
was much higher, reaching 32% in both groups. No 
data on iron status were provided. In the current 
study, prevalence of iron deficiency (absolute and 
functional) was close to 20%. However, no correla-
tions were found between iron parameters, 25(OH)
D and its binding protein. It was assumed that there 
may simply be no causal relationship between ane-
mia, iron status and 25(OH)D in HF. It is well estab-
lished that vitamin D deficiency is highly prevalent 
in patients with CKD undergoing renal replacement 
therapy [53]. This supports the findings that kidney 
function was a predictor of 25(OH)D in HF. As shown 
previously, prevalence of CKD was high in patients 
undergoing PCI despite normal serum creatinine, 
particularly in higher NYHA class [53, 54]. It cor-
roborates with the present study that BNP was also 
a predictor of 25(OH)D in HF patients.

Limitations of the study
This study has several strengths and, on the 

other hand, several limitations. As all patients 
underwent coronary angiography, we were able 
to divide the cohort with regard to the etiology of 
HF. Moreover, vitamin D binding protein as well 
as detailed iron status data was also assessed.  
A limitation could be a lack of assessment of 
parathyroid hormone, calcium, phosphate and 
cross-sectional design. Other limitations include 
retrospective data analysis, and no advanced statis-
tical approach to analyze independent associations. 

Conclusions

Vitamin D deficiency is very common in HF 
patients, predominantly in valvular disease. Higher 
prevalence of anemia in HF due to CAD may be 
associated with wider ACEI and ASA use relative to 
other etiologies. Correlation between anemia and 
25(OH)D are of interest but require further study 
to elucidate possible pathogenetic mechanism(s) 
and also do not provide a rationale for vitamin sup-
plementation. However, heart and kidney function 
are predictors of 25(OH)D level.
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Abstract
Background: The carotid intima–media thickness (IMT) measurement may be carried out proximally 
(pIMT) or distally (dIMT) in relation to the bulb of the common carotid artery which has significant 
implications on the results and correlation with risk factors. The aim of the study was to compare the 
pIMT and dIMT in patients with familial hypercholesterolemia confirmed by genetic testing (FH group) 
and patients with severe non-familial hypercholesterolemia, with negative results of genetic testing 
(NFH group) and to determine the correlation of results with traditional atherosclerotic risk factors 
and calcium scores. 
Methods: A total of 86 FH and 50 NFH patients underwent pIMT and dIMT measurements of both 
carotid arteries as well as computed tomography (CT) with coronary and thoracic aorta calcium scoring. 
Results: The meanpIMT of both right and left common carotid artery were significantly higher  
in patients with FH compared to the NFH group (meanpRIMT 0.721 ± 0.152 vs. 0.644 ± 0.156,  
p < 0.01, meanpLIMT 0.758 ± 0.173 vs. 0.670 ± 0.110, p < 0.01). Patient age, pre-treatment low-
density lipoprotein (LDL) cholesterol levels (LDLmax) at baseline and systolic blood pressure were 
independent predictors of pIMT increases in both carotid arteries. Smoking history, age and LDLmax 
were independent predictors of dIMT increase. There was a significant correlation between the calcium 
scores of the ascending aorta, coronary artery and aortic valve and all IMT parameters.
Conclusions: The IMT measured proximally better between patients with familial and non-familial 
hypercholesterolemia. The association between IMT and traditional cardiovascular risk factors varies 
between measurement sites. IMT values correlate CT calcium scores in all patients with hypercholes-
terolaemia regardless of genetic etiology. (Cardiol J 2021; 28, 2: 271–278)
Key words: atherosclerosis, familial hypercholesterolemia, intima–media thickness,  
calcium scores, multidetector computed tomography
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Introduction

Familial hypercholesterolemia (FH) is an in-
herited genetic condition characterized by elevated 
low-density lipoprotein (LDL) levels and an associ-
ated increased risk of atherosclerosis. The carotid 
intima–media thickness (IMT) measurement is 
an established method for indirect atherosclero-
sis risk assessment. The computed tomography 
(CT)-based calcium score measurement is another 
method which directly indicates the severity of 
atherosclerosis. The IMT is also associated with 
atherosclerosis-independent processes such as 
intimal hyperplasia. However, all known risk fac-
tors for atherosclerosis accelerate its thickening. 
There is a well-established correlation between 
increased IMT and a higher cardiovascular risk 
of both cerebrovascular and cardiac events [1, 2]. 
Nevertheless, current guidelines on the preven-
tion of cardiovascular diseases do not recommend 
routine IMT measurement [3]. The IMT offers 
fairly low test repeatability, which is considered 
its significant methodological disadvantage. Fur-
thermore, different researchers use different IMT 
measurement techniques, which makes it difficult 
to compare their findings [4]. The IMT measure-
ment in patients with FH, as a high-risk group, is 
performed in order to determine the long-term 
effect of cholesterol-lowering treatments. It is also 
used for children and young adults in order to iden-
tify particular high-risk patients early in life [5–7]. 
The IMT measurement may be carried out proxi-
mally — just below the bulb (pIMT) of the common 
carotid artery (CCA), or slightly lower, distally, in 
the area where the lines demarcating the contour of 
the intima–media complex run parallel (dIMT). The 
former method has been the predominant approach 
in many previous studies and clinical trials [8–10]. 
However, today, the latter method is more often 
preferred [11]. The results of the measurement 
performed using both methods in the same group 
of patients differ significantly from each other and 
correlate with different risk factors [12]. However, 
it seems that the measurement taken just below the 
bulb, which is the usual location of early atheroscle-
rotic plaque, may better reflect the atherosclerotic 
tendency compared to the distal measurement.

The aim of this study was to compare the pIMT 
and dIMT in patients with FH confirmed by genetic 
testing (FH group) and patients with severe non-
familial hypercholesterolemia, with negative results 
of genetic testing (NFH group) and to determine the 
correlation of results with traditional atherosclerotic 
risk factors and CT-based calcium scores.

Methods

The study group was selected from 156 con-
secutive patients with suspected FH, with a mini-
mum score of 3 on the Dutch Lipid Clinic Network 
diagnostic criteria, and a positive result of genetic 
testing for FH. The inclusion and exclusion criteria 
have been previously reported elsewhere [13]. 
Additionally, 3 patients with known p.(Gly20Arg) 
gene polymorphism, which is currently consid-
ered a polymorphic variant likely associated with 
a milder FH phenotype, were not included in the 
IMT analysis. After the exclusion criteria were 
applied, 86 patients with FH were enrolled (35 
male [M], 51 female [F], mean age 49.8 ± 11.6). 
The control group consisted of 50 patients (23 M, 
27 F, mean age 51.5 ± 9.9) diagnosed with severe 
hypercholesterolemia around the same period and 
with a negative genetic test result. No participant 
had a history of previous cardiovascular episodes. 
All patients had an ultrasound scan of both carotid 
arteries and IMT measurements were performed. 
The IMT was measured proximally and distally 
along the carotid artery, with each measurement 
covering a 1 cm-long segment [12]. All scans were 
taken using a GE Vivid E9 ultrasound scanner and 
4.5–12 MHz linear probe (GE 11L). The scanning 
depth was optimised at 3–5 cm. All scans were 
digitally recorded alongside the electrocardiogram 
(ECG) reading. The semi-automatic measurement 
was taken along the 1 cm distal wall segment at 
the peak of the ECG R-wave using an EchoPAC 
Clinical Workstation (GE) with dedicated soft-
ware. The first measurement was taken where the 
common carotid artery begins to widen, forming  
a bulb (pIMT). The second measurement was taken 
where the lines demarcating the inner and outer 
contour of the IMT complex begin to run parallel 
(dIMT, Fig. 1). The mean IMT (meanIMT) for  
a given segment and the maximum value for the 
left and right carotid artery (maxIMT) were then 
computed. All measurements were performed 
twice and then averaged. In order to estimate 
the repeatability of IMT measurements, intra- 
and interobserver variability analysis was also 
performed on 50 patients from the NFH group, 
with measurements taken independently by an 
experienced cardiologist and radiologist. All par-
ticipants also underwent an ECG-gated cardiac 
CT with calcium score assessment of coronary 
arteries, aortic valve and aorta in line with the 
method previously reported elsewhere [13, 14]. 
The study protocol was approved by the local eth-
ics committee.
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Statistical analysis
The IMT results were presented graphically 

including mean and standard deviations. The nor-
mality of distribution assumption was assessed us-
ing the Kolmogorov-Smirnov test. The differences 
between means were assessed using the student 
T-test or Mann-Whitney U-test for normally and 
non-normally distributed variables, respectively. 
The correlations between the IMT and aortic 
calcium scores were determined using the Spear-
man rank correlation coefficient. The associations 

between IMT and traditional cardiovascular risk 
factors were determined using the multiple linear 
regression model. All analyses were carried out 
using SPSS Statistics software. The results were 
considered significant for p < 0.05.

Results

The detailed clinical and genetic characteris-
tics of the study group have been previously report-
ed elsewhere [13]. No statistical differences in age, 
body mass index (BMI), blood pressure, history of 
diabetes (3% vs. 10%), smoking (33% vs. 42%) and 
pretreatment high-density lipoprotein cholesterol 
(HDLmax) or triglycerides levels (TG) between 
the FH and NFH groups were found. The FH group 
however had higher pretreatment total choles-
terol (TCmax, 9.4 ± 2.2 vs. 8.1 ± 1.5, p < 0.001)  
and low-density lipoprotein cholesterol levels 
(LDLmax, 7.1 ± 1.7 vs. 5.1 ± 1.1, p < 0.001).  
The percentage of patients on statin treatment 
during inclusion to the study also did not signifi-
cantly differ between the groups (53.4% vs. 40%). 
Figure 2 presents the dIMT and pIMT measure-
ment results. The meanpIMT of both right and 
left CCA were significantly higher in patients with 
FH compared to the NFH group. The maxpIMT, 
meandIMT, and maxdIMT values were higher in 
the FH group, although the differences were not 
significant. The results of multiple linear regres-
sion including the IMT parameters and traditional 
cardiovascular risk factors are shown in Tables 1 
and 2. The analysis included the risk factors which 
did not correlate significantly with each other and 
correlated with the IMT parameters in a univariate 
linear regression model. The results of the analysis 
were presented separately for the right and left ca-
rotid artery. Age, pre-treatment cholesterol levels 
(LDLmax) and systolic blood pressure (SBP) were 
independent predictors of mean pIMT increase in 
both carotid arteries. Maximum pIMT values did 
not correlate significantly with traditional risk fac-
tors, except for age. Smoking history, except for the 
meandLIMT, age and LDLmax were independent 
predictors of mean and maximum dIMT increase 
in both carotid arteries. There was no significant 
correlation between the IMT parameters and dia-
stolic blood pressure, HDLmax and TGmax levels. 

The correlations between the IMT parameters 
and the calcium scores of the aortic valve, ascending 
aorta, descending aorta and coronary arteries were 
also evaluated. The results are shown in Table 3.  
Although it was not high, there was a significant 
correlation between the calcium scores of the 

Figure 1. Principles of proximal (pIMT) and distal (dIMT) 
intima–media thickness measurements. Location deter-
mined relative to the common carotid artery (CCA) bulb; 
BCA — bulb of the carotid artery.

Figure 2. The intima–media thickness of the left and 
right carotid arteries measured near the bulb (pIMT) 
and below the bulb (dIMT) in the familial hypercholes-
terolemia (FH) and non-familial hypercholesterolemia 
(NFH) groups. *p < 0.01, there were no significant dif-
ferences in remaining subgroups; IMT — intima–media 
thickness; RIMT — right carotid artery IMT; LIMT — left 
carotid artery IMT; meanpIMT — mean proximal IMT; 
maxpIMT — maximum proximal IMT; meandIMT — 
mean distal IMT; maxdIMT — maximum distal IMT; 
pIMT — proximal IMT; dIMT — distal IMT.
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Table 3. Correlation between intima–media thickness (IMT) and calcium scores (Spearman’s rank  
correlation coefficient).

CCS TCSasc TCSdsc AVCS

meanpRIMT 0.42** 0.38** 0.28** 0.29**

maxpRIMT 0.19* 0.27** 0.17 0.24**

meandRIMT 038** 0.32** 0.28** 0.26**

maxdRIMT 0.36** 0.30** 0.27** 0.23**

meanpLIMT 0.35 0.39** 0.28** 0.30**

maxpLIMT 0.21* 0.36** 0.21* 0.22*

meandLIMT 0.29** 0.38 0.13 0.30**

maxdLIMT 0.33** 0.34 0.19* 0.21*

*p < 0.05, **p < 0.01; CCS — coronary calcium score; TCasc — ascending aorta calcium score; TCdsc — descending aorta calcium score; 
AVCS — aortic valve calcium score; RIMT — right carotid artery IMT; LIMT — left carotid artery IMT; meanpIMT — mean proximal IMT;  
maxpIMT — maximum proximal IMT; meandIMT — mean distal IMT; maxdIMT — maximum distal IMT

Table 2. Results of multivariate regression analysis including the left carotid artery intima–media  
thickness (IMT) and selected traditional risk factors.

meanpLIMT maxpLIMT meandLIMT maxdLIMT

R2 model 
P

0.19 
< 0.01

0.07 
NS

0.25 
< 0.001

0.255 
< 0.001

Variable Coeff. P Coeff. P Coeff. P Coeff. P

Age 0.003 < 0.05 0.003 NS 0.004 < 0.001 0.004 < 0.01

Sex 0.011 NS 0.048 NS 0.041 NS 0.037 NS

SBP 0.002 < 0.05 0.0004 NS 0.001 NS 0.002 0.07

LDLmax 0.001 < 0.05 0.0004 NS 0.001 < 0.01 0.001 < 0.05

BMI 0.002 NS –0.0001 NS 0.005 NS 0.003 NS

Smoking 0.047 NS 0.041 NS 0.026 NS 0.058 < 0.05

SBP — systolic blood pressure; LDLmax — maximum value of low-density lipoprotein cholesterol (before treatment); BMI — body mass index; 
RIMT — right carotid artery IMT; LIMT — left carotid artery IMT; meanpIMT — mean proximal IMT, maxpIMT — maximum proximal IMT;  
meandIMT — mean distal IMT; maxdIMT — maximum distal IMT; NS — non significant

Table 1. Results of multivariate regression analysis of the right carotid artery intima–media thickness 
(IMT) with selected traditional risk factors.

meanpRIMT maxpRIMT meandRIMT maxdRIMT

R2 model 
P

0.245 
< 0.001

0.175 
< 0.01

0.306 
< 0.001

0.276 
< 0.001

Variable Coeff. P Coeff. P Coeff. P Coeff. P

Age 0.004 < 0.001 0.005 < 0.01 0.004 < 0.001 0.004 < 0.001

Sex 0.024 NS 0.025 NS 0.025 NS 0.030 NS

SBP 0.002 < 0.05 0.0003 NS 0.001 NS 0.001 NS

LDLmax 0.001 < 0.01 0.001 0.07 0.0004 < 0.01 0.0004 < 0.05

BMI 0.001 NS 0.09 0.07 0.005 0.08 0.005 0.09

Smoking 0.04 NS 0.07 0.07 0.046 < 0.05 0.062 0.01

SBP — systolic blood pressure; LDLmax — maximum value of low-density lipoprotein cholesterol (before treatment); BMI — body mass index; 
RIMT — right carotid artery IMT; LIMT — left carotid artery IMT; meanpIMT — mean proximal IMT, maxpIMT — maximum proximal IMT;  
meandIMT — mean distal IMT; maxdIMT — maximum distal IMT; NS — non significant
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ascending aorta, coronary artery and aortic valve 
and all IMT parameters. There was a significant 
correlation between the calcium score of the de-
scending aorta and most IMT parameters, except 
for the maxpRIMT and meandLIMT. The strongest 
correlation was shown between the calcium scores 
and the meanpIMT of both carotid arteries. On the 
other hand, there was a higher correlation between 
the IMT parameters and the calcium scores of the 
coronary arteries and ascending aorta, but lower 
correlation between the IMT and the calcium score 
of the descending aorta. 

In order to estimate the repeatability of IMT 
measurements, intra- and interobserver variability 
analysis was also performed on 50 patients from 
the NFH group. The results are shown in Table 4. 
There was a high intra- and interobserver agree-
ment for all analyzed variables, and were higher 
for the meanIMT than the maxIMT.

Discussion

A host of studies discuss IMT measurements 
of patients with hypercholesterolemia. The present 
study focused on two aspects of IMT measure-
ment, which to date have been rarely discussed. 
The effect of the measurement site on the IMT 
values in patients with familial and non-familial 
severe hypercholesterolemia was assessed. The 
average values of distal IMT measurements ob-
tained in both subgroups in the current study 
exceeds the 75th percentile of the normal range 
as defined in the literature [15]. This corresponds 
to an increased cardiovascular risk, even though 
enrolled participants had no history of previous 
cardiovascular incidents. Furthermore, half of the 
participants (49.6%) had been treated with statins 
prior to enrolment. Naturally, statin treatment af-
fected the IMT results. However, the percentage of 
patients on statins in both groups was comparable.

The meanpIMT values in both carotid arter-
ies were significantly higher in the FH than in the 

NFH group. Although the values of the remaining 
IMT parameters were higher in the FH group, the 
between-group differences were not significant. 
The TCmax and LDLmax levels were also higher 
in the FH group, which explains the differences 
in the meanpIMT. However, the difference in the 
dIMT was not significant and can be explained by 
the fact that dispersion of the meandIMT values 
were lower than those of the meanpIMT values. 
As a result, it is more difficult to demonstrate 
measurement site-related differences between two 
groups of the same size. It should also be noted that 
as a result of statin treatment administered to some 
participants, the total cholesterol year score, which 
reflects the lifetime cumulative total cholesterol, 
was only slightly (and borderline significantly) 
higher in the FH group [13]. In patients with hy-
percholesterolemia from both FH and NFH groups, 
IMT measured proximally to the bulb (pIMT) was 
higher than IMT measured distally from the bulb 
(dIMT). Furthermore, pIMT differed significantly 
between FH and NFH groups. Willekes et al. [16] 
also found that IMT increases as the distance 
shortens between the measurement site and the 
bulb. Studies of cadavers have shown that athero-
sclerotic plaque in the bulb precedes the onset of 
atherosclerotic plaque in the common carotid arter-
ies by about three decades [12]. This can be partly 
explained by the weaker shear stress near the bulb 
[17], which facilitates lipid penetration into the 
vascular endothelium [18]. Thus, pIMT is likely to 
reflect early stages of atherosclerosis earlier than 
dIMT in patients with hypercholesterolemia. The 
present findings of higher IMT in the left carotid 
artery compared to the right carotid artery has 
been previously described in several studies [19].

In the current analysis, in most cases, there 
was a significant correlation between IMT param-
eters and calcium scores, with higher coefficients 
seen for pIMT than dIMT. This association be-
tween IMT and coronary calcium scores has been 
previously reported in studies carried out in differ-

Table 4. Intraobserver and interobserver variability (defined by intra-class coefficient).

Intraobserver variability Interobserver variability P

meanpIMT 96.2 92.9 < 0.001

maxpIMT 94.8 90.8 < 0.001

meandIMT 94.9 91.9 < 0.001

maxdIMT 93 87.1 < 0.001

IMT — intima–media thickness; meanpIMT — mean proximal IMT; maxpIMT — maximum proximal IMT; meandIMT — mean distal IMT; 
maxdIMT — maximum distal IMT
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ent populations. Arad et al. [20] found a correlation 
between IMT, coronary calcium scores and the 
presence of the most hemodynamically significant 
coronary angiography-confirmed lesion in patients 
aged 50–75 with coronary artery disease (CAD). 
Davis et al. [21] also found a strong correlation 
between IMT and coronary calcium scores in an 
asymptomatic group of 182 men and 136 women 
aged 33–42 years, after adjustment for sex and age. 
Cohen et al. [22] demonstrated a similar correlation 
in their sample of 150 patients. In their study, CT 
calcium scoring and IMT thickness measurement 
were carried out in 61% of study participants either 
as a part of cardiovascular prevention or in order 
to determine the severity of their atherosclerosis. 
Interestingly, unlike the present study, the highest 
correlation was found between the calcium scores 
and the maximum rather than mean IMT. However, 
their IMT calculation was based on the IMT values 
measured in the CCA, the bulb and internal carotid 
artery. In the current study, a significant, but not 
high, correlation between IMT and calcium scores 
of not only the coronary arteries but also the aortic 
valve and the ascending aorta was found. Addition-
ally, there was a significant correlation between 
the majority of the calculated IMT parameters 
and descending aorta calcium score, although the 
correlation coefficient was the lowest. This finding 
is in line with the Framingham offspring study by 
Kathiresan et al. [23], who found low correlations 
between the presence of atherosclerotic plaque in 
the carotid and coronary arteries, and the aorta. 
Some authors emphasize that IMT and calcium 
scores represent different stages of vascular wall 
degeneration. Furthermore, the presence of cal-
cifications, especially in older aged patients, may 
not closely correlate with traditional risk factors, 
such as cholesterol levels, hypertension, diabe-
tes, obesity or history of smoking, whereas these 
correlations are shown for IMT. Therefore, IMT 
measurement is believed to be a more sensitive 
indicator of early atherosclerotic changes [24] 
whilst calcium scores reflect locally advanced 
atherosclerosis [21].

Also under analysis herein, was the correla-
tion between traditional risk factors and IMT 
parameters measured proximally and distally from 
the carotid artery bulb. Multiple linear regression 
analysis showed that age, SPB and LDLmax were 
independent predictors of the mean IMT increase 
for measurements taken proximally to the bulb, 
whereas age was the only independent predictor 
of the maximum pIMT. It has been emphasized 
that the maximum IMT, being less repeatable 

than the mean IMT, may reflect more advanced 
atherosclerotic stages with focal thickening of 
plaque or represent a sampling error [11]. When 
measured distally from the bulb, the mean and 
maximum IMT were similarly predicted by the 
same independent traditional factors, including 
age, LDLmax, and smoking history. The simi-
larities between both distal IMT (meandIMT and 
maxdIMT) parameters can be explained by the 
fact that these are measured along an even, paral-
lel segment of the carotid artery, therefore both 
measurements would not differ significantly, unlike 
meanpIMT and maxpIMT which were measured 
along an uneven carotid artery segment, which 
makes measurements significantly discrepant. 
Age and LDLmax were independent predictors 
for all meanIMT parameters. The SBP predicted 
a higher meanpIMT in the present study, whereas 
positive smoking history predicted a higher value 
of most distal IMT measurements. The literature 
data evaluating the effect of IMT measurement 
site on its correlation with traditional risk fac-
tors for atherosclerosis is significantly limited. 
Polak et al. [12] measured IMT in randomly cho-
sen Caucasian individuals from the MESA study 
population and found distal IMT to be lower, but 
correlated better with cardiovascular risk factors 
than proximal IMT. In another study, the same 
authors assessed the IMT measurement site as  
a predictor of CAD and its effect on the correlation 
with traditional risk factors [12]. Measurements 
were taken in 279 randomly chosen Caucasian 
individuals without a history of previous cardio-
vascular incidents from the MESA study popula-
tion. The dIMT better predicted CAD than pIMT. 
However, diagnosis was only made in 11 patients 
during the study and therefore, the robustness of 
the analysis was significantly affected by the low 
CAD incidence. 

Limitations of the study
Although an increased IMT is generally con-

sidered to reflect early atherosclerotic changes, 
this consideration may not always be true. The IMT 
is also a measure of smooth muscle hypertrophy 
reflecting normal aging and the differentiation of 
those two processes is limited. The main limita-
tion of this single-center study is the relatively 
small number of patients. Small numbers might 
have overfitted the multivariable analysis. Nev-
ertheless, the present analysis met all necessary 
requirements of multivariate logistic regression. 
Moreover, many of patients with severe hyper-
cholesterolemia enrolled in the study were treated 
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over a long period with statins which could have 
affected the natural history of IMT increase.

Conclusions

The IMT measured at the carotid artery bulb is 
higher than the IMT value measured further from 
the bulb and better differentiates between patients 
with FH and NFH. The association between IMT 
and traditional cardiovascular risk factors varies 
between measurement sites, which additionally 
indicates differences in the mechanism of IMT 
increase depending on the distance from the bulb. 
The IMT values correlated with coronary, aortic 
valve and aortic calcium scores in all patients 
with hypercholesterolemia regardless of genetic 
etiology.
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Abstract
Background: There is a beneficial effect of adrenaline during adult cardiopulmonary resuscitation 
(CPR) from cardiac arrest but there is also uncertainty about its safety and effectiveness. The aim of 
this study was to evaluate the use of adrenaline versus non-adrenaline CPR.
Methods: PubMed, ScienceDirect, Embase, CENTRAL (Cochrane Central Register of Controlled Trials)  
and Google Scholar databases were searched from their inception up to 1st July 2020. Two reviewers 
independently assessed eligibility and risk of bias, with conflicts resolved by a third reviewer. Risk ratio 
(RR) or mean difference of groups were calculated using fixed or random-effect models. 
Results: Nineteen trials were identified. The use of adrenaline during CPR was associated with a sig-
nificantly higher percentage of return of spontaneous circulation (ROSC) compared to non-adrenaline 
treatment (20.9% vs. 5.9%; RR = 1.87; 95% confidence interval [CI] 1.37–2.55; p < 0.001). The use 
of adrenaline in CPR was associated with ROSC at 19.4% and for non-adrenaline treatment — 4.3% 
(RR = 3.23; 95% CI 1.89–5.53; p < 0.001). Survival to discharge (or 30-day survival) when using 
adrenaline was 6.8% compared to non-adrenaline treatment (5.5%; RR = 0.99; 95% CI 0.76–1.30;  
p = 0.97). However, the use of adrenaline was associated with a worse neurological outcome (1.6% vs. 
2.2%; RR = 0.57; 95% CI 0.42–0.78; p < 0.001). 
Conclusions: This review suggests that resuscitation with adrenaline is associated with the ROSC 
and survival to hospital discharge, but no higher effectiveness was observed at discharge with favorable 
neurological outcome. The analysis showed higher effectiveness of ROSC and survival to hospital dis-
charge in non-shockable rhythms. But more multicenter randomized controlled trials are needed in the 
future. (Cardiol J 2021; 28, 2: 279–292)
Key words: adrenaline, epinephrine, cardiac arrest, cardiopulmonary resuscitation,  
outcome, return of spontaneous circulation, meta-analysis, systematic review
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Introduction

Sudden cardiac arrest (SCA) is a challenge 
for medical personnel, especially in the context of 
emergency medical teams, where there are a limited  
number of personnel in the resuscitation team 
[1, 2]. Adrenaline has been a key component of 
advanced life support algorithms for many years. 
Adrenaline is a catecholamine, showing sympa-
thomimetic activity dependent on direct or indi-
rect stimulation of a1, a2, b1, b2 receptors. For 
cardiopulmonary resuscitation (CPR), the effect 
on a1 receptors is significant due to vasoconstric-
tion. This increases the aortic diastolic pressure, 
which increases coronary perfusion pressure and 
cerebral perfusion pressure. As numerous studies 
indicate, coronary perfusion pressure is closely 
correlated with the survival of cardiac arrest [3, 4]. 
It is recommended by both the European Resusci-
tation Council (ERC) [5], as well as the American 
Heart Association (AHA) [6]. The use of adrenaline 
during CPR does not have the highest class of rec-
ommendations. Although adrenaline can improve 
global cerebral and coronary blood flow, due to its 
vascular contraction, the microcirculatory flow may 
be reduced [7, 8]. There is a consistent pattern in 
studies that suggests that adrenaline can initially 
resume heart function and increase chances of 
survival, but can generally increase brain injury [9].

The objective herein, was to compare the 
survival to hospital discharge rates in patients with 
cardiac arrest treated with and without adrena-
line. In this meta-analysis, we hypothesized that 
adrenaline confirms benefit over placebo or non-
-adrenaline treatment under adult CPR as seen 
by the rate of return of spontaneous circulation 
(ROSC) and survival to hospital discharge. 

Methods

This systematic review and meta-analysis 
were conducted following the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement for conducting and reporting 
results [10] and The Meta-analysis Of Observa-
tional Studies in Epidemiology (MOOSE) guide-
lines [11] for observational studies. The systematic 
review protocol has not been registered. Ethical 
approval was not required for this meta-analysis.

Literature search strategy and  
inclusion criteria

An electronic database search without lan-
guage restrictions was performed in a standardized, 

unblinded manner by two independent reviewers 
(K.L. and M.C.). Inter-reviewer disagreements were 
resolved by consultation of the third author (J.S.). The 
search strategy was first applied to PubMed, Web 
of Science, Embase, ScienceDirect, the Cochrane 
Central Register of Controlled Trials (CENTRAL) 
databases from their inception, to July 1, 2020. In addi-
tion to these sources, manual searches in Google and 
Google Scholar, and web pages of reliable organiza-
tions (gray literature) were conducted. An additional 
manual cross-reference and related-article search was 
conducted to identify articles that were not found 
through prior searches.

Inclusive criteria: (a) Research types: rand-
omized controlled trials, quasi-randomized trials, 
observational studies; (b) Research subjects: hu-
man studies involved adult patients with cardiac 
arrest were included in our meta-analysis. Studies 
which were preprint were also included. Case-
-control studies, non-trials conducted on simulated 
models, editorials, reviews, guidelines, meta-
-analysis and theoretical models were excluded 
from the review.

The following search terms were used: “adrena-
line” OR “epinephrine” AND “cardiac arrest” OR 
“heart arrest” OR “circulation arrest” OR “circulatory 
arrest” OR “induced heart arrest” OR “heart stand 
still” OR “cardiac ventric* fibrillation” OR “heart ven-
tric* fibrillation” OR “pulseless ventric* tachycardia” 
OR “asysto*” OR “pulseless electrical activity”.

Data extraction
Two independent reviewers conducted the 

data extraction and checked by each other (K.L. 
and J.S.). A third reviewer (L.S.) was available to 
resolve cases for which eligibility was unclear. For 
each study, a record of the first author, publication 
time, sample size, country, research type, the 
primary and secondary measures; inclusion and 
exclusion criteria; and study quality was included.

Outcomes
The primary outcome of the current meta-

-analysis was survival to discharge, defined as the 
rate of survival to hospital discharge or survival at 
30 days. The secondary outcome was the ROSC 
and survival to discharge with favorable neurologi-
cal outcome defined as a score of 3 or less on the 
modified Rankin scale [12] or 14 or 15 points in 
Glasgow Coma Scale [13].

Quality assessment of included studies
Quality assessment was performed by two 

reviewers (K.S. and K.J.F.). Inter-reviewer disa-
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greements were resolved by consultation (J.S.). 
For quality assessment of randomized controlled  
trials (RCTs), the Cochrane Collaboration risk 
assessment tool for RCTs was used. Studies were 
graded as “low risk”, “high risk” or “unclear” 
for: random sequence generation, allocation con-
cealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete out-
come data, selective reporting, and other biases. 
The review authors’ judgments about each risk 
of bias item are provided in the Supplementary 
Digital File 1. The Newcastle-Ottawa qual-
ity assessment scale was used to appraise the 
outcome of interest for the cohort study. The 
modified Newcastle-Ottawa scale was used for 
the cross-sectional study [14] and is shown in 
Supplementary Digital File 1.

Statistical analysis
All statistical analyses were performed with 

Review Manager Software 5.4 (The Cochrane 
Collaboration, Oxford, Copenhagen, Denmark) 
to carry out the single-arm meta-analysis. Out-
comes were summarized using the Mantel-Haen-
szel risk ratios (RRs) or mean differences with  
a 95% confidence interval (CI). When the con-
tinuous outcome was reported in a study as 
median, range, and interquartile range, means 
and standard deviations were estimated us-
ing the formula described by Hozo et al. [15]. 
Heterogeneity was quantitatively evaluated by  
I2 statistic (no heterogeneity, I2 = 0–25%; mod-
erate heterogeneity, I2 = 25–50%; large het-
erogeneity, I2 = 50–75%; extreme heterogeneity,  
I2 = 75–100%). The random-effects model was 
used for I2 > 50%; otherwise, the fixed effects 
model was employed. All statistical tests were 
two-sided and were considered when p < 0.05.

Results

The systematic literature search identified 
1282 relevant publications. After the review of 
titles and abstracts, 45 studies were selected as 
being potentially eligible for inclusion into this 
systematic review. After reading the full-text 
articles, 5 RCTs (published between 1995 and 
2018) including 4951 participants [16–20] and 14 
nonrandomized trials (published between 1994 and 
2016) including 91,537 participants [13, 21–33] 
were finally included (Fig. 1). Other information 
was listed in the Tables 1 and 2 of characteristics 
of included studies.

Return of spontaneous circulation
Twelve studies reported ROSC [13, 16–18, 

20–22, 24–28]. Polled analysis showed that the 
use of adrenaline during CPR was associated with  
a significantly higher percentage of ROSC com-
pared to non-adrenaline treatment (20.9% vs. 
5.9%; RR = 1.87; 95% CI 1.37–2.55; p < 0.001; 
Fig. 2). The above trend was reflected in both RCTs 
(35.9% vs. 12.8%; RR = 2.28; 95% CI 1.49–3.49; 
p < 0.001) and observational studies (19.9% vs. 
5.8%; RR = 1.70; 95% CI 1.15–2.53; p = 0.009). 

The incidence of ROSC for shockable rhythms 
for adrenaline use was 24.0% and 28.1% for non-
-adrenaline use (RR = 0.86; 95% CI 0.77–0.96;  
p = 0.007). For non-shockable rhythms, the re-
verse trend was observed (Fig. 3). The use of 
adrenaline in the CPR process was associated with 
ROSC at 19.4% and for non-adrenaline treatment 
— 4.3% (RR = 3.23; 95% CI 1.89–5.53; p < 0.001).

Survival to discharge 
Survival to discharge (or 30 day survival) 

using adrenaline was 6.8% compared to the non-
-adrenaline treatment (5.5%; RR = 0.99; 95% CI 
0.76–1.30; p = 0.97; Fig. 4) [16–18, 20–24, 26–33]. 

In the case of non-shockable rhythms, the use 
of adrenaline compared to non-adrenaline treat-
ment was associated with higher survival to hos-
pital discharge rate (3.9% vs. 2.9%, respectively;  
RR = 1.16; 95% CI 0.86–1.55; p = 0.32; Fig. 5) 
[17, 21, 22, 24, 28–30, 33]. For shockable rhythms, 
higher survival to discharge was observed in the 
non-adrenaline group compared to the adrenaline 
group (27.1% vs. 15.7%, respectively; RR = 0.63; 
95% CI 0.56–0.70; p < 0.001) [17, 21, 22, 28, 29, 33].

Survival to discharge with favorable  
neurological outcome

Ten studies [13, 16, 17, 20–22, 24, 26–28] report-
ed survival to discharge with a favorable neurological 
outcome and indicated that the use of adrenaline 
was associated with worse outcome (1.6% vs. 2.2%;  
RR = 0.57; 95% CI 0.42–0.78; p < 0.001). 

In randomized clinical trials [16, 17, 20], the 
use of adrenaline was associated with a slightly 
higher percentage of patients with survival and 
favorable neurological outcome compared to the 
non-adrenaline group (2.9% vs. 2.4%; RR = 1.21; 
95% CI 0.95–1.54; p = 0.13). The opposite trend 
was observed for observational studies (Suppl. 
Digital File 1) [13, 21, 22, 24, 26–28].

The analysis in subgroups concerning the 
type of rhythm showed that in cases of shockable 
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rhythms, the use of adrenaline was associated with 
statistically significant worse prognosis (survival to 
discharge with the favorable neurological outcome) 
than the non-adrenaline group (7.4% vs. 19.1%, 
respectively; RR = 0.40; 95% CI 0.35–0.45; p <  
< 0.001; Suppl. Digital File 1) [21, 22, 24, 28, 33].  
For non-adrenaline rhythms the outcome was com-
parable and was 0.8% vs. 0.9%, respectively (RR =  
= 0.94; 95% CI 0.16–5.50; p = 0.94) [21, 22, 28, 33].

Long-period outcome
Two studies reported 3-month survival rates 

[16, 20]. Higher survival rates were observed 
for adrenaline (3.7%), while for non-adrenaline 
treatment the survival rate was 2.8% (RR = 1.34; 
95% CI 1.06–1.68; p = 0.01). One study, Perkins 
et al. [16] reported good neurological outcome at  
3 months. Better results were obtained with adren-
aline compared to the non-adrenaline group (2.1% 
vs. 1.6%; RR = 1.30; 95% CI 0.94–1.80; p = 0.11).

 Quality of evidence
The risk of bias in the included RCTs as well  

as nonrandomized studies is summarized in Sup-
plementary Digital File 1. Only four studies 
were randomized controlled trials. The risk of 
bias was assessed as low or moderate in most of 
the studies.

Discussion

The main finding was as follows: (1) the use 
of adrenaline increased the chances of ROSC;  
(2) adrenaline was associated with increased sur-
vival to hospital discharge rate, however, survival 
to discharge with favorable neurological outcome 
was better in the non-adrenaline group.

 Studies published in recent years on the use 
of adrenaline in SCA are extremely important 
because of the large number of participants and 
also because of their randomized nature with  

Records identied through
database searching

(n = 1277)

Additional records identied
through other sources

(n = 5)

638 duplicates removed

Records screened
(n = 644)

Full-text articles assessed
for eligibility

(n = 45)

Studies included in
qualitative synthesis

(n = 19)

Studies included in quantitative 
synthesis (meta-analysis)

(n = 19)

In
cl
ud
ed

El
ig
ib
ili
ty

Id
en
ti
c
at
io
n

S
cr
ee
ni
ng

Records excluded (n = 599)
Titles and abstracts
Not-related articles,

comments, guidelines,
letters, reviews, not

enough data for extraction

Full-text articles excluded,
with reasons:

no data availability (12),
duplicates (4), unrelated

topic (5), not comparative
studies (3), animal (2)

Figure 1. Flow diagram showing stages of database searching and study selection.
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a double-blinded placebo. The data obtained in this 
meta-analysis again indicates the need to consider 
the usefulness of routine adrenaline administration 
in SCA. While the use of adrenaline has been shown 
to increase the ROSC and survival to hospital dis-
charge, it does not affect the favorable neurological 
outcome. The results suggest considering routine 
adrenaline use in case of out-of-hospital SCA.

Return of spontaneous circulation is one of 
the basic outcomes of resuscitation, especially 
in the prehospital setting [34]. Pooled analysis 
showed that the use of adrenaline increases the 
chance of ROSC, which was evident in both RCTs 
and observational studies. It was apparent that 
administration of adrenaline for shockable rhythms 
was associated with a lower incidence of ROSC. 
It should be noted, however, that adrenaline is 
administered according to the guidelines only after 
ineffective defibrillation, not from the initiation 
of CPR procedures. In the case of non-shockable 
rhythms, the difference in ROSC was very signifi-
cant, ROSC was 19.4% for adrenaline and 4.3% for 
non-adrenaline treatment.

Another important element is survival to dis-
charge, where, as in the case of ROSC, it was ob-
served that for non-shockable rhythms, the use of 
adrenaline compared to non-adrenaline treatment 
was associated with higher survival to hospital 
discharge rate, however, these differences were 
not statistically significant. Again, as for ROSC for 
shockable rhythms, higher survival to discharge 
was observed in the non-adrenaline group.

Survival to discharge with the favorable neu-
rological outcome is essential for the functioning 
of the patient after the SCA incident with a sat-
isfactory quality of life. In the case of shockable 
rhythms, the use of adrenaline was associated with 
a statistically significantly worse prognosis. 

The administration of adrenaline in SCA is one 
of the key elements of resuscitation, especially in 
cases of non-shockable rhythms [5, 6]. However, 
it should be noted that there are many milestones 
in the history of the development of guidelines 
for resuscitation and many changes have been 
milestones, including the issue of ratio of chest 
compressions to the number of breaths, the use 
of defibrillation, including automated external de-
fibrillator, and improved quality of chest compres-
sions or airway management, where supraglottic 
airway devices were introduced and less emphasis 
on the need for endotracheal intubation.

There were also changes in pharmacotherapy 
in sudden cardiac arrest; over the years, the adrena-
line dose was changed, and the rule was introduced T
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Figure 2. Forest plot of return of spontaneous circulation in adrenaline vs. non-adrenaline groups. The center of each 
square represents the relative risk for individual trials, and the corresponding horizontal line stands for a 95% confi-
dence interval (CI). The diamonds represent pooled results; RCT — randomized controlled trial.

Figure 3. Forest plot of return of spontaneous circulation by type of rhythm in adrenaline vs. non-adrenaline groups. 
The center of each square represents the relative risk for individual trials, and the corresponding horizontal line stands 
for a 95% confidence interval (CI). The diamonds represent pooled results.
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Figure 4. Forest plot of survival to hospital discharge in adrenaline vs. non-adrenaline groups. The center of each 
square represents the relative risk for individual trials, and the corresponding horizontal line stands for a 95% confi-
dence interval (CI). The diamonds represent pooled results; RCTs — randomized controlled trials.

Figure 5. Forest plot of survival to hospital discharge by type of rhythm in adrenaline vs. non-adrenaline groups. The 
center of each square represents the relative risk for individual trials, and the corresponding horizontal line stands for 
a 95% confidence interval (CI). The diamonds represent pooled results.
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that for non-shockable rhythms adrenaline is not 
administered immediately after SCA recognition. 
Perhaps the next stage will be the re-analysis of 
indications for adrenaline administration in SCA at 
the pre-hospital and hospital stages for shockable 
and non-shockable rhythms.

Changes in the guidelines and recommenda-
tions for resuscitation must be based on further 
scientific evidence based on high quality rand-
omized clinical trials conducted in both hospital and 
out-of-hospital settings [35]. Although achieving 
ROSC is a key task of the resuscitation team, the 
patient’s survival with a favorable neurological 
outcome is the most important goal and outcome. 
Both AHA and ERC guidelines are based on the 
analysis of scientific evidence and the most im-
portant are randomized double-blind clinical trials 
and meta-analyses including pooled data on large 
patient groups.

The advantage of the meta-analysis is the 
rigorous application of rules and criteria used in 
meta-analyses and a thorough search of available 
databases, as well as references in publications and 
manual searches in Google and Google Scholar, 
and the web pages of reliable organizations (gray 
literature) and analyses of the results obtained as 
well as following PRISMA statement for conducting 
and reporting results and The MOOSE guidelines 
for observational studies.

Limitations of the study
The results reported in the present systematic 

review and meta-analysis are subject to several 
limitations. First, only four studies included in the 
meta-analysis were randomized controlled trials. 
Some outcome measures were not uniformly re-
ported across studies and, therefore, were difficult 
to combine in a meta-analysis. The studies ana-
lyzed differed significantly in terms of the number 
of participants. Another limitation relates to the 
inclusion of research only in the context of out-of-
-hospital cardiac arrest. The results of adrenaline 
administration during CPR in hospital conditions 
may be different. Therefore, further analyses are 
planned for in-hospital cardiac arrest. When ana-
lyzing the results obtained in this article, all the 
limitations typical for meta-analyses, including the 
risk of bias and heterogeneous studies, should also 
be considered.

Return of spontaneous circulation and the 
neurological outcome are significantly influenced 
by the quality of resuscitation, especially the 
quality of chest compressions [1, 36–38]. Unfor-
tunately, the analyzed studies did not routinely 

use devices and methods to monitor the quality of 
chest compression, and chest compression depth 
and rate, as well as full chest recoil, which has  
a significant impact on the overall quality of CPR 
and the overall outcome of the rescue proce-
dure. High-quality chest compressions consist of 
achieving the correct recommended compression 
depth, compressions rate, correct chest recoil, 
minimizing interruptions in chest compressions, 
as well as the highest possible percentage of cor-
rect compressions concerning all compressions 
carried out with the correct compression site 
[39–41]. The lack of chest compression quality 
measurement may affect the results [1], but this 
effect is reduced by the randomized nature of the 
double-blinded studies.

The results obtained underline the need for 
further research on the use of vasopressors in the 
course of CPR. Another factor to be taken into 
account is the need to establish a vascular access 
(intravenous or intraosseous) for the administra-
tion of drugs, which may cause difficulties during 
resuscitation [42]. If the routine supply of adrena-
line during CPR is discontinued, this may result in 
a lack of immediate need for intravascular access 
and may further increase the focus on high-quality 
chest compression, electrotherapy and ventila-
tion and the elimination of potentially reversible 
causes [5].

Conclusions

The present meta-analysis demonstrates that 
resuscitation with adrenaline is associated with 
the ROSC and survival to hospital discharge, but 
no higher effectiveness was noted for discharge 
with favorable neurological outcome. The analy-
sis showed higher effectiveness of ROSC and 
survival to hospital discharge in non-shockable 
rhythms. But more multicenter RCTs are needed 
in the future.
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Abstract
Background: Mild therapeutic hypothermia (MTH) is a recommended treatment of comatose patients 
after out-of-hospital cardiac arrest (OHCA). The aim of the study was to examine determinants of clini-
cal outcome in OHCA survivors treated with MTH and variables associated with MTH induction time.
Methods: Presented herein is an analysis of combined results from a retrospective and a prospec-
tive observational study which included 90 OHCA survivors treated with MTH from January 2010 to 
March 2018. Multivariate regression analysis was performed to determine variables associated with 
poor neurologic outcome (Cerebral Performance Category 3–5), mortality, and prolonged induction time.
Results: At hospital discharge, 59 (65.6%) patients were alive, of whom 36 (61%) had a good neuro-
logic outcome. Older patients (odds ratio [OR] 1.07, 95% confidence interval [CI] 1.03–1.12) with lower 
Glasgow Coma Scale (GCS) (OR 0.49, 95% CI 0.30–0.80) were at higher risk of poor neurological out-
come. The predictors of in-hospital death included: older age (OR 1.08, 95% CI 1.02–1.13), lower GCS 
score (OR 0.47, 95% CI 0.25–0.85), presence of cardiogenic shock (OR 3.43, 95% CI 1.11–10.53), and 
higher doses of adrenaline (OR 1.27, 95% CI 1.04–1.56). Longer induction was associated with shorter 
cardio-pulmonary resuscitation (CPR) (unstandardized coefficient –3.95, 95% CI –7.09 to –0.81) and 
lower lactate level (unstandardized coefficient –18.55, 95% CI –36.10 to –1.01).
Conclusions: Unfavorable neurologic outcome in OHCA patients treated with MTH is associated 
with age and lower GCS score. Risk factors for in-hospital mortality include age, high-dose adrenaline 
administration, lower GCS score and presence of cardiogenic shock. CPR duration and lactate level 
were predictive of prolonged MTH induction time. (Cardiol J 2021; 28, 2: 293–301)
Key words: mild therapeutic hypothermia, targeted temperature management,  
out-of-hospital cardiac arrest

Introduction

Out-of-hospital cardiac arrest (OHCA) is still 
burdened with high risk of death. Among those 
who experience OHCA only around 30% survive 
before hospital admission [1] and 10% until hos-
pital discharge [2]. The risk of OHCA occurrence 
is greater among the population of older men [3]. 
Even in survivors, brain damage leads to impaired 
neurological function and their ability to live an 

independent life is often limited [4]. Current guide-
lines recommend targeted temperature manage-
ment (TTM) for the treatment of comatose patients 
after OHCA [5, 6], however the results presented 
in the literature regarding cardiac arrest patients 
with non-shakable rhythms are inconclusive [7]. 
TTM is a term most commonly understood as 
maintenance of the body’s core temperature be-
tween 32°C and 36°C and therefore covers a wider 
range than mild therapeutic hypothermia (MTH), 
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defined as temperature control between 32°C and 
34°C. While favorable clinical outcome of MTH was 
proven in several clinical studies [8–10], the impact 
of maintaining patient temperatures at 34–36°C 
remains less clear. A randomized study by Nielsen 
et al. [11] suggests equivalent results in patients 
treated with TTM at 33°C and 36°C. Significant 
variability in clinical outcome among subjects 
treated with TTM raises questions regarding 
determinants of treatment success [12]. Despite 
the use of pre-specified programmed pattern of 
cooling, several studies reported that patients with 
poor neurological outcome had significantly shorter 
time required to achieve the target temperature 
(TT) than patients with good outcome [13–15]. 
These results raises the question about the causes 
of this phenomenon. Herein is hypothesized that  
a more severe ischemic insult may result in greater 
brain damage leading to impaired thermoregulatory 
control. According to this assumption, individuals 
with better post-OHCA neurologic function pre-
serve their thermoregulation ability, which in turn 
results in longer induction time of MTH. However, 
the question as to whether length of MTH induc-
tion is an indicator of brain damage severity and 
what are the predictors associated with prolonged 
MTH induction remains unanswered. 

Therefore, in this study possible determinants 
of clinical outcome in OHCA survivors treated with 
MTH were examined, including the induction time. 
Variables associated with the duration of MTH 
induction were also evaluated. 

Methods

Study design and TTM protocol
This study combines results of a retrospective 

observational single-center analysis performed at 
the Department of Cardiology and Internal Medi-
cine of the University Hospital No. 1 in Bydgoszcz, 
Poland from January 2010 to December 2016 and 
a prospective, observational, multicenter study 
[16] performed from January 2017 to March 2018 
including OHCA survivors treated with MTH. The 
study comprised all consecutive adult subjects 
treated with MTH (using invasive intravascular 
cooling with TT of 33°C) for non-traumatic OHCA 
regardless of initial rhythm, who achieved a return 
of spontaneous circulation (ROSC). The Utstein-
style guidelines for reporting OHCA were imple-
mented in the study [17].

According to local protocol, patients were con-
sidered for MTH if they remained comatose after 
return of ROSC. Cooling was initiated as soon as 

possible with ice packs, intravenous administra-
tion of cold normal saline (0.9% solution of sodium 
chloride at the temperature of 4°C), and Intravas-
cular Temperature Management™ CoolGard 3000® 
(Zoll Circulation Inc. USA). MTH was considered 
effective when patient core temperature decreased 
below 34°C, with TT of 33.0 ± 0.2°C, and was main-
tained for at least 12 h with an optimal duration of 
24 h. The rewarming phase was conducted in an 
actively controlled manner at a rate of 0.3°C per 
hour. Urine bladder temperature measurements 
were used to automatically guide changes in patient 
core temperature. All patients were mechanically 
ventilated, sedated with continuous intravenous 
infusion of propofol and fentanyl and were treated 
according to current European Society of Cardiolo-
gy guidelines. More detailed information regarding 
MTH protocol has been previously described [10].

The study was conducted in accordance with 
the Declaration of Helsinki and Good Clinical 
Practice guidelines and was approved by the Ethics 
Committee of The Nicolaus Copernicus Univer-
sity in Torun, Collegium Medicum in Bydgoszcz 
(approval reference number KB 615/2015). The 
prospective part of this study is a sub-study of the 
Mild Therapeutic Hypothermia for Patients With 
Acute Coronary Syndrome and Cardiac Arrest 
Treated With Percutaneous Coronary Intervention 
(UNICORN) study (ClinicalTrials.gov Identifier: 
NCT02611934), which was supported by “Diamen-
towy Grant” financed by the Ministry of Science 
and Higher Education of the Republic of Poland 
from research funds for the years 2015–2018.

Data collection
Data were obtained from hospital records 

and included: age, sex, comorbidities, first moni-
tored rhythm, bystander basic life support (BLS), 
total dose of adrenaline (epinephrine) used by 
emergency medical service (EMS) during cardio-
pulmonary resuscitation (CPR), etiology of cardiac 
arrest, Glasgow Coma Scale (GCS) score on admis-
sion, blood pH on admission, blood lactate level 
on admission, left ventricular ejection fraction 
on admission, presence of cardiogenic shock, and 
initial temperature measured in the urinary bladder 
(recorded at the initiation of intravascular cooling). 
Time intervals used for the analysis included: time 
in cardiac arrest (time from the onset of OHCA to 
ROSC), CPR duration (time from the beginning of 
CPR by EMS to ROSC), pre-induction (time from 
ROSC to initiation of intravascular cooling), induc-
tion (time from initiation of intravascular cooling to 
arrival at TT of 33.0 ± 0.2°C), maintenance (time 
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from arrival at TT to initiation of active rewarm-
ing). Neurologic outcome was assessed using the 
Glasgow–Pittsburgh Cerebral Performance Cat-
egories (CPC) at hospital discharge and recorded 
as CPC 1 (good performance), CPC 2 (moderate 
disability), CPC 3 (severe disability), CPC 4 (veg-
etative state), or CPC 5 (brain death or death) [18]. 
Good neurological outcome was defined as CPC 
1–2 and poor neurologic outcome was CPC 3–5 at 
the time of hospital discharge. 

Statistical analysis
Continuous variables were presented as 

means with standard deviation or medians with 
interquartile range according to the distribution. 
Categorical variables were described as frequen-
cies and percentages. Normality of the distribution 
was examined with the Shapiro-Wilk test. The 
Student T-test or Mann-Whitney test were used 
for comparison of continuous variables based on 
distribution normality. Categorical variables were 
compared using the c2 or Fisher’s exact test, as 
appropriate. Univariate logistic regression analysis 
was performed to determine variables associated 
with poor neurologic outcome and in-hospital 
mortality. In order to identify variables affecting 
MTH induction time, univariate linear regression 
analysis was conducted. All variables significant at 
p ≤ 0.1 in the univariate analysis were entered into 
multivariate regression models. Stepwise regres-
sion with backward elimination was performed 
to find the best possible fitting of each model. All 
statistical analysis was performed with IBM SPSS 
Statistics version 23. A two-sided significance level 
of p < 0.05 was applied for statistical significance.

Results

Population characteristics  
and final outcome

A total of 114 adult cardiac arrest patients 
were treated with MTH during the study period. 
Twenty-four patients were excluded from analysis 
(Fig. 1) and data on the remaining 90 patients were 
further investigated. At hospital discharge, 59 
(65.56%) patients were alive, of whom 36 (61.02%) 
had a good neurologic outcome. Their clinical 
characteristics stratified by outcomes is shown in 
Table 1. The study group consisted mainly of men 
(n = 72, 80%). Mean age was 61.8 ± 12.5 years. 
In the majority of patients (n = 79, 87.8%), the 
initial recorded rhythm was shockable. Patients 
with good neurologic outcome were younger than 
those with poor outcome (56.4 ± 12.1 vs. 65.3 ± 
11.5, p = 0.001), had a higher incidence of shock-
able initial rhythm (100% vs. 79.6%, p = 0.003) and 
a higher GCS score on admission (4.0 [4.0–5.0] vs. 
3.5 [3.0– 4.0], p = 0.004).

Survivors, as compared with non-survivors, 
were younger (59.3 ± 12.1 vs. 66.5 ± 12.0,  
p = 0.009), more likely to have shockable initial 
rhythm (93.2% vs. 77.4%, p = 0.04) and less likely 
to present with cardiogenic shock (45.8% vs. 71.0%, 
p = 0.02). They also required smaller amounts of 
adrenaline during CPR (2.0 mg [1.0–5.0] vs. 4.0 mg  
[2.75–7.0], p = 0.006) and had a higher GCS 
score on admission (4.0 [3.0–5.0] vs. 3.0 [3.0–4.0],  
p = 0.004] (Table 1).

According to the univariate analysis, lower 
admission GCS score, older age and shorter MTH 
induction time were associated with poor neuro-

Figure 1. Numbers of patients initially screened, those excluded from the study and finally those who were included 
for analysis; GCS — Glasgow Coma Scale; IHCA — in-hospital cardiac arrest; MTH — mild therapeutic hypothermia.

Adult cardiac arrest patients treated with MTH during the study period
(n = 114)

Patients included for the analysis
(n = 90)

Excluded (n = 24):
• Patients with IHCA (n = 2)
• Initial temperature < 34°C (n = 2)
• Failed to achieve a target temperature (n = 5)
• GCS on admission > 6 (n = 4)
• Insufcient data regarding time variables (n = 11)
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logical outcome (CPC 3–5) at hospital discharge 
(Table 2). As a result of stepwise regression 
with backward elimination, two parameters — 
lactate level and MTH induction time — were 
excluded from the equation. The best fitted 
multiple regression model revealed that older 
patients (odds ratio [OR] 1.07, 95% confidence 
interval [CI] 1.03–1.12, p = 0.001) and those with 
a lower GCS score on admission (OR 0.49, 95% 
CI 0.30–0.80, p = 0.004) were at higher risk of 
poor neurological outcome.

Analogous analysis was conducted to deter-
mine risk factors of non-survival. In the univariate 
analysis, older age, higher adrenaline dosage during 
CPR, lower admission GCS score and presence 
of cardiogenic shock were associated with higher 
in-hospital mortality (Table 2). For multivariate 
analysis two new variables were added, i.e. CPR 
duration and bystander BLS. Eventually, stepwise 
regression revealed older age (OR 1.08, 95% CI 
1.02–1.13, p = 0.006), lower GCS score (OR 0.47, 
95% CI 0.25–0.85, p = 0.01), presence of cardio-
genic shock (OR 3.43, 95% CI 1.11–10.53, p = 0.03),  
and higher doses of adrenaline during CPR (OR 
1.27, 95% CI 1.04–1.56, p = 0.02) to be risk factors 
of in-hospital death. 

Determinants of the duration  
of MTH induction

Patients who recovered with a CPC of 1 or 2, had 
a significantly longer median induction time than 
patients with a CPC of 3–5 (325.0 min [230.0–615.0] 
vs. 260.0 min [180.0–360.0], p = 0.04; Table 3).  
According to univariate analysis, lower lactate 
level, higher GCS score on admission, higher initial 
body temperature, shorter time in cardiac arrest 
and shorter CPR duration were significantly associ-
ated with the duration of MTH induction (Table 4).  
As a potential confounder, initial temperature was 
excluded from further analysis. According to multi-
variate analysis, longer duration of MTH induction 
was independently associated with shorter CPR 
duration [unstandardized coefficient –3.95, 95% CI 
–7.09 to –0.81, p = 0.01) and lower lactate level 
(unstandardized coefficient –18.55, 95% CI –36.10 
to –1.01, p = 0.04).

Discussion

No differences were found regarding MTH 
induction time in terms of OHCA survival, however 
patients with poor neurologic outcome had signifi-
cantly shorter MTH induction time than patients 
with a good outcome. Older age and lower GCS 

score on admission were also identified as inde-
pendent predictors of worse neurologic outcome as 
well as older age, higher adrenaline dosage during 
CPR, lower baseline GCS score and presence of 
cardiogenic shock as independent risk factors of 
mortality. CPR duration and lactate concentration 
were independently associated with the duration 
of MTH induction. 

Previous studies delivered inconsistent re-
sults regarding the relationship between MTH 
induction time and neurologic outcome. Nielsen 
et al. [19] reported that neither time to initiation 
of TTM, time to achieve TT, duration of TTM nor 
rewarming time were associated with neurologic 
outcome. An analysis of 588 patients conducted 
by Haugk et al. [13] indicated that patients with 
favorable outcome had both longer — time from 
ROSC to TT as well as induction time, with no 
difference in time from ROSC to initiation of cool-
ing. They also performed a multivariate regres-
sion analysis and found 86% higher odds of a good 
neurologic outcome with an increase in each tertile  
(< 120 min, 120–220 min, and > 220 min) of time to 
TT (adjusted OR 1.86, p = 0.04). The median time 
needed to achieve TT, despite numerical differ-
ence, was not associated with overall survival (202 
min for survivors vs. 158 min for non-survivors, 
p = 0.57). Several procedure-related differences 
between the studies and within particular studies 
should be underlined. In the study by Haugk et al. 
[13], TT was defined as less than 34°C and differ-
ent cooling methods including endovascular, head 
cooling, surface (ice, water, air), nasopharyngeal, 
intravenous, and mixed were applied. Perman 
et al. [14] analyzed 321 patients from various 
centers and categorized them by induction time  
(< 120 min, 120–300 min, > 300 min). The authors 
reported that age, shockable initial rhythm, time in 
cardiac arrest and induction time > 300 min were 
associated with a higher probability of a favorable 
neurologic outcome. In contrast to this, other 
publications showed rapid TT achievement to be 
associated with better neurologic results [20–23]. 
However, all those studies defined time to TT as 
the period from the onset of cardiac arrest to ar-
rival at a temperature of 33°C or < 34°C, therefore 
it was equivalent to three different time intervals 
used in the current study (time in cardiac arrest, 
pre-induction and induction). In each of these time 
periods patients are affected by various conditions 
potentially determining outcome, thus we believe 
that the analysis should be conducted separately 
for each of these time intervals. Shorter time in 
cardiac arrest [19, 24] and sooner initiation of 
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MTH [25] were associated with better neurologic 
outcome. Lee et al. [15] analyzed 515 patients 
treated with MTH in terms of time intervals and 
neurologic outcome. Despite a significant differ-
ence in the induction time between the groups 
with favorable and unfavorable outcome and no 
difference in the pre-induction time, regression 
analysis revealed the opposite results. No asso-
ciation between induction time and outcome were 
found while elongation of pre-induction by each  
30 min increased the odds for poor outcome by 
11%. In the present study, induction time was also 
found to be significantly longer in patients with 
good neurologic outcome when compared with the 
poor outcome group. Subsequent univariate analy-
sis revealed an association between MTH induction 
time and neurological outcome, however, similar to 
the results presented by Lee et al. [15], the finding 
was not confirmed in the multivariate model. Un-
like the analysis by Haugk et al. [13] and Perman 
et al. [14], the induction time was not categorized 
to avoid a possible bias resulting from switching 

from a continuous to categorical variable. In the 
current study, older age and lower GCS score on 
admission were the only independent risk factors 
of poor neurologic outcome, these observations 
are consistent with previous studies [15, 19]. The 
phenomenon of shorter induction time in patients 
with unfavorable outcome was suspected to be  
a result of more severe initial brain injury, impaired 
thermoregulation, and greater vulnerability to 
cooling [14]. A study evaluating heat genera-
tion in patients treated with MTH after cardiac 
arrest revealed an association between greater 
heat production and better baseline health status, 
reduced ischemic injury and improved neurologic 
outcome [26]. A study published by Leão et al. [27] 
showed that, apart from shorter induction time, 
patients with unfavorable neurologic outcome had 
a higher incidence of hypoxic-ischemic brain injury 
on magnetic resonance imagining and a higher 
concentration of neuron specific enolase. The 
present results are consistent with these studies 
[14, 15, 19, 26, 27] and might indirectly support the 

Table 4. Univariate and multivariate regression analysis for mild therapeutic hypothermia (MTH)  
induction time.

Univariate analysis Multivariable analysis 

Unstandardised  
coefficient (95% CI)

P Unstandardised  
coefficient (95% CI)

P

Age (n = 90) –2.49 (–6.39 to 1.42) 0.21 – –

Male (n = 90) –7.65 (–129.93 to 114.63) 0.9 – –

Initial shockable rhythm (n = 90) 81,27 (–69.47 to 232,0) 0.29 – –

Bystender BLS (n = 88) 31.92 (–67.54 to 131.38) 0.53 – –

Adrenaline (n = 83) –9.362 (–26.98 to 8.26) 0.29 – –

Ischemic etiology (n = 90) –13.97 (–148.9 to 120.967) 0.62 – –

pH (n = 90) 124.76 (–319.6 to 569.13) 0.58 – –

Lactate (n = 72) –20.38 (–38.56 to –2.2) 0.03 –16.2 (–34.49 to 2.1) 0.08

EF (n = 87) 0.964 (–4.307 to 6.235) 0.72 – –

GCS on admission (n = 90) 47.87 (1.63 to 94.11) 0.04 25.77 (–27.31 to 78.87) 0.34

Cardiogenic shock (n = 90) –40.06 (–137.89–57.78) 0.42 – –

Initial temperature (n = 72) 116.75 (73.17 to 160.33) <0.001 – –

Hypertension (n = 90) 52.69 (–45.36 to 150.73) 0.29 – –

Diabetes mellitus (n = 90) 85.84 (–17.14 to 188.82) 0.101 – –

Previous stroke (n = 90) –116.04 (–310.5 to 78.43) 0.24 – –

Previous ACS (n = 90) 47.31 (–60.12 to 78.43) 0.38 – –

Time in cardiac arrest (n = 90) –3.35 (–6.25 to –0.45) 0.02 3.31 (–4.48 to 11.01) 0.4

CPR duration (n = 90) –4.23 (–7.05 to –1.4) 0.004 –6.75 (–14.62 to 1.11) 0.09

Pre-induction time (n = 79) 0.17 (–0.42 to 0.762) 0.56 – –

ACS — acute coronary syndrome; BLS — basic life support; CI — confidence interval; CPR — cardio-pulmonary resuscitation; EF — ejection 
fraction; GCS — Glasgow Coma Scale
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hypothesis that shorter induction time in patients 
with unfavorable neurological outcome is related 
to more severe brain injury, since the initial neu-
rologic condition reflected by GCS on admission 
was a strong outcome predictor. Furthermore, an 
association between longer MTH induction time 
and higher GCS score was found in univariate 
analysis, however results were not confirmed in 
the multivariate model. The differences between 
the studies regarding time intervals could result 
from the implementation of various definitions, 
different methods of cooling [28] and temperature 
measurement [29], and heterogeneity of the study 
populations (inclusion of patients regardless of the 
etiology and place of cardiac arrest or the type of 
the initial rhythm).

There were no differences in time intervals 
between survivors and non-survivors in the present 
study. Similar results were presented by Haugk et al. 
[13]. The current study found that older age, higher 
doses of adrenaline during CPR, lower GCS score on 
admission and presence of cardiogenic shock were 
predictors of in-hospital mortality. Lee et al. [15] also 
reported lower initial GCS scores along with non-
shockable rhythm, longer time in cardiac arrest and  
a higher Sequential Organ Failure Assessment (SOFA) 
score were independent risk factors for mortality, 
while no association was found between other time 
variables (pre-induction and induction) and odds for 
survival. In contrast to previous results, Leão et al. 
[27] showed a correlation between higher mortality at 
6 months after cardiac arrest and shorter time to TT.

Addressing the multiple inconsistencies re-
garding time intervals in TTM and particularly the 
MTH induction time, the predictors were deter-
mined for delayed achievement of TT. In univariate 
regression analysis, longer MTH induction time 
was associated with lower lactate level, higher 
GCS score on admission, shorter time in cardiac 
arrest, and shorter CPR duration. According to the 
multivariate analysis, only shorter CPR duration 
and lower lactate level on admission were associ-
ated with prolonged induction time. The role of 
initial temperature in patients treated with MTH 
was raised in some previous studies, linking lower 
initial temperature with in-hospital [30] and long-
term [31] mortality. This parameter however, was 
excluded from analysis as a potential confounder. 

Limitations of the study
One of the main limitations of the present 

study is its partly retrospective and observational 
nature. Furthermore, only a relatively small group 
of patients were analyzed. Another limitation was 

the difficulty in precisely determining all essential 
time points. 

Conclusions

Favorable neurologic outcome (CPC 1–2) in 
OHCA patients treated with MTH is associated 
with younger age and higher GCS score upon ad-
mission. The risk factors for increased in-hospital 
mortality in this population included older age, 
higher doses of adrenaline during CPR, lower GCS 
score on admission and presence of cardiogenic 
shock. Neither the induction nor pre-induction time 
was an independent risk factor for neurologic out-
come or overall survival. CPR duration and lactate 
level on admission were predictors for prolonged 
induction time. 

Acknowledgements
This study has been partly developed as a sub-

study of the ‘Diamentowy Grant’ project financed 
by the Ministry of Science and Higher Education 
of the Republic of Poland from research funds for 
the years 2015–2018 (DI2014009144). The funder 
had no role in study design, data collection and 
analysis, decision to publish, or preparation of the 
manuscript.

Conflict of interest: None declared

References

1.	 Nadolny K, Bujak K, Kucap M, et al. The Silesian Registry 
of Out-of-Hospital Cardiac Arrest: Study design and results of  
a three-month pilot study. Cardiol J. 2018 [Epub ahead of print], 
doi: 10.5603/CJ.a2018.0140, indexed in Pubmed: 30444257.

2.	 Atwood C, Eisenberg MS, Herlitz J, et al. Incidence of EMS-
treated out-of-hospital cardiac arrest in Europe. Resuscitation. 
2005; 67(1): 75–80, doi: 10.1016/j.resuscitation.2005.03.021, in-
dexed in Pubmed: 16199289.

3.	 Szczerbinski S, Ratajczak J, Lach P, et al. Epidemiology and 
chronobiology of out-of-hospital cardiac arrest in a subpopula-
tion of southern Poland: A two-year observation. Cardiol J. 2018 
[Epub ahead of print], doi:  10.5603/CJ.a2018.0025, indexed in 
Pubmed: 29611174.

4.	 Pusswald G, Fertl E, Faltl M, et al. Neurological rehabilitation of 
severely disabled cardiac arrest survivors. Part II. Life situation 
of patients and families after treatment. Resuscitation. 2000; 
47(3): 241–248, indexed in Pubmed: 11114453.

5.	 Donnino MW, Andersen LW, Berg KM, et al. Temperature Man-
agement After Cardiac Arrest: An Advisory Statement by the 
Advanced Life Support Task Force of the International Liaison 
Committee on Resuscitation and the American Heart Associa-
tion Emergency Cardiovascular Care Committee and the Council 
on Cardiopulmonary, Critical Care, Perioperative and Resus-
citation. Circulation. 2015; 132(25): 2448–2456, doi:  10.1161/
CIR.0000000000000313, indexed in Pubmed: 26434495.

300 www.cardiologyjournal.org

Cardiology Journal 2021, Vol. 28, No. 2

http://dx.doi.org/10.5603/CJ.a2018.0140
https://www.ncbi.nlm.nih.gov/pubmed/30444257
http://dx.doi.org/10.1016/j.resuscitation.2005.03.021
https://www.ncbi.nlm.nih.gov/pubmed/16199289
http://dx.doi.org/10.5603/CJ.a2018.0025
https://www.ncbi.nlm.nih.gov/pubmed/29611174
https://www.ncbi.nlm.nih.gov/pubmed/11114453
http://dx.doi.org/10.1161/CIR.0000000000000313
http://dx.doi.org/10.1161/CIR.0000000000000313
https://www.ncbi.nlm.nih.gov/pubmed/26434495


6.	 Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines for the 
management of acute myocardial infarction in patients present-
ing with ST-segment elevation: The Task Force for the manage-
ment of acute myocardial infarction in patients presenting with 
ST-segment elevation of the European Society of Cardiology 
(ESC). Eur Heart J. 2018; 39(2): 119–177, doi: 10.1093/eurheartj/
ehx393, indexed in Pubmed: 28886621.

7.	 Freund B, Kaplan PW. A review of the utility of a hypothermia 
protocol in cardiac arrests due to non-shockable rhythms. Cardiol 
J. 2017; 24(3): 324–333, doi: 10.5603/CJ.a2017.0016, indexed in 
Pubmed: 28150290.

8.	 Bernard SA, Gray TW, Buist MD, et al. Treatment of comatose 
survivors of out-of-hospital cardiac arrest with induced hypo-
thermia. N Engl J Med. 2002; 346(8): 557–563, doi:  10.1056/
NEJMoa003289, indexed in Pubmed: 11856794.

9.	 Hypothermia after Cardiac Arrest Study Group. Mild therapeutic 
hypothermia to improve the neurologic outcome after cardiac 
arrest. N Engl J Med. 2002; 346(8): 549–556, doi: 10.1056/NEJ-
Moa012689, indexed in Pubmed: 11856793.

10.	 Kozinski M, Pstragowski K, Kubica JM, et al. ACS network-
based implementation of therapeutic hypothermia for the treat-
ment of comatose out-of-hospital cardiac arrest survivors im-
proves clinical outcomes: the first European experience. Scand 
J Trauma Resusc Emerg Med. 2013; 21: 22, doi: 10.1186/1757-
7241-21-22, indexed in Pubmed: 23531402.

11.	 Nielsen N, Wetterslev J, Cronberg T, et al. Targeted temperature 
management at 33°C versus 36°C after cardiac arrest. N Engl  
J Med. 2013; 369(23): 2197–2206, doi: 10.1056/nejmoa1310519.

12.	 Umińska J, Koziński M, Pstrągowski K, et al. Platelet reactivity 
during mild therapeutic hypothermia in patients with acute myo-
cardial infarction treated with ticagrelor: study protocol of a sin-
gle-centre study. Med Res J. 2016; 1(4): 115–119, doi: 10.5603/
mrj.2016.0021.

13.	 Haugk M, Testori C, Sterz F, et al. Relationship between time to 
target temperature and outcome in patients treated with thera-
peutic hypothermia after cardiac arrest. Crit Care. 2011; 15(2): 
R101, doi: 10.1186/cc10116, indexed in Pubmed: 21439038.

14.	 Perman SM, Ellenberg JH, Grossestreuer AV, et al. Shorter time 
to target temperature is associated with poor neurologic out-
come in post-arrest patients treated with targeted temperature 
management. Resuscitation. 2015; 88: 114–119, doi: 10.1016/j.
resuscitation.2014.10.018, indexed in Pubmed: 25447429.

15.	 Lee BK, Jeung KW, Jung YH, et al. Relationship between timing 
of cooling and outcomes in adult comatose cardiac arrest patients 
treated with targeted temperature management. Resuscitation. 
2017; 113: 135–141, doi: 10.1016/j.resuscitation.2016.12.002, in-
dexed in Pubmed: 27987398.

16.	 Kubica J, Pstrągowski K, Adamski P, et al. Mild therapeutic 
hypothermia for patients with acute coronary syndrome and 
cardiac arrest treated with percutaneous coronary intervention 
(UNICORN). The design and rationale for the prospective, ob-
servational, multicenter study. Med Res J. 2016; 1(1): 23–27, 
doi: 10.5603/mrj.2016.0004.

17.	 Perkins G, Jacobs I, Nadkarni V, et al. Cardiac Arrest and Car-
diopulmonary Resuscitation Outcome Reports: Update of the 
Utstein Resuscitation Registry Templates for Out-of-Hospital 
Cardiac Arrest. Resuscitation. 2015; 96: 328–340, doi: 10.1016/j.
resuscitation.2014.11.002.

18.	 Booth CM, Boone RH, Tomlinson G, et al. Is this patient dead, 
vegetative, or severely neurologically impaired? Assessing out-
come for comatose survivors of cardiac arrest. JAMA. 2004; 

291(7): 870–879, doi:  10.1001/jama.291.7.870, indexed in Pub-
med: 14970067.

19.	 Nielsen N, Hovdenes J, Nilsson F, et al. Hypothermia Network. 
Outcome, timing and adverse events in therapeutic hypothermia 
after out-of-hospital cardiac arrest. Acta Anaesthesiol Scand. 
2009; 53(7): 926–934, doi:  10.1111/j.1399-6576.2009.02021.x, 
indexed in Pubmed: 19549271.

20.	 Chiota NA, Freeman WD, Barrett K. Earlier Hypothermia At-
tainment is Associated with Improved Outcomes after Cardiac 
Arrest. J Vasc Interv Neurol. 2011; 4(1): 14–17, indexed in Pub-
med: 22518262.

21.	 Sendelbach S, Hearst MO, Johnson PJo, et al. Effects of variation 
in temperature management on cerebral performance category 
scores in patients who received therapeutic hypothermia post 
cardiac arrest. Resuscitation. 2012; 83(7): 829–834, doi: 10.1016/j.
resuscitation.2011.12.026, indexed in Pubmed: 22230942.

22.	 Wolff B, Machill K, Schumacher D, et al. Early achievement of 
mild therapeutic hypothermia and the neurologic outcome after 
cardiac arrest. Int J Cardiol. 2009; 133(2): 223–228, doi: 10.1016/j.
ijcard.2007.12.039, indexed in Pubmed: 18353458.

23.	 Schock RB, Janata A, Peacock WF, et al. Time to Cooling Is 
Associated with Resuscitation Outcomes. Ther Hypothermia 
Temp Manag. 2016; 6(4): 208–217, doi: 10.1089/ther.2016.0026, 
indexed in Pubmed: 27906641.

24.	 Kim WY, Ahn S, Hong JS, et al. The impact of downtime on 
neurologic intact survival in patients with targeted tempera-
ture management after out-of-hospital cardiac arrest: National 
multicenter cohort study. Resuscitation. 2016; 105: 203–208, 
doi:  10.1016/j.resuscitation.2016.03.020, indexed in Pub-
med: 27060537.

25.	 Italian Cooling Experience (ICE) Study Group. Early- versus late-
initiation of therapeutic hypothermia after cardiac arrest: pre-
liminary observations from the experience of 17 Italian intensive 
care units. Resuscitation. 2012; 83(7): 823–828, doi: 10.1016/j.
resuscitation.2011.12.002, indexed in Pubmed: 22155700.

26.	 Murnin MR, Sonder P, Janssens GN, et al. Determinants of heat 
generation in patients treated with therapeutic hypothermia fol-
lowing cardiac arrest. J Am Heart Assoc. 2014; 3(3): e000580, 
doi: 10.1161/JAHA.113.000580, indexed in Pubmed: 24780205.

27.	 Leão RN, Ávila P, Cavaco R, et al. Therapeutic hypothermia after 
cardiac arrest: outcome predictors. Rev Bras Ter Intensiva. 2015; 
27(4): 322–332, doi:  10.5935/0103-507X.20150056, indexed in 
Pubmed: 26761469.

28.	 Klimczuk T, Kubica J, Kasprzak M, et al. Łagodna hipotermia 
terapeutyczna po nagłym zatrzymaniu krążenia w przebiegu os-
trego zespołu wieńcowego – doświadczenia z wdrażania metody. 
Folia Cardiologica. 2015; 10(1): 19–24, doi: 10.5603/fc.2015.0005.

29.	 Umińska JM, Buszko K, Ratajczak J, et al. Comparison of tem-
perature measurements in esophagus and urinary bladder in co-
matose patients after cardiac arrest undergoing mild therapeutic 
hypothermia. Cardiol J. 2018 [Epub ahead of print], doi: 10.5603/
CJ.a2018.0115, indexed in Pubmed: 30246234.

30.	 Benz-Woerner J, Delodder F, Benz R, et al. Body temperature 
regulation and outcome after cardiac arrest and therapeutic hy-
pothermia. Resuscitation. 2012; 83(3): 338–342, doi: 10.1016/j.
resuscitation.2011.10.026, indexed in Pubmed: 22079947.

31.	 Hovdenes J, Røysland K, Nielsen N, et al. A low body tem-
perature on arrival at hospital following out-of-hospital-cardiac-
arrest is associated with increased mortality in the TTM-study. 
Resuscitation. 2016; 107: 102–106, doi:  10.1016/j.resuscita-
tion.2016.08.011, indexed in Pubmed: 27565034.

www.cardiologyjournal.org 301

Jakub Ratajczak et al., Determinants of MTH outcome and induction time

http://dx.doi.org/10.1093/eurheartj/ehx393
http://dx.doi.org/10.1093/eurheartj/ehx393
https://www.ncbi.nlm.nih.gov/pubmed/28886621
http://dx.doi.org/10.5603/CJ.a2017.0016
https://www.ncbi.nlm.nih.gov/pubmed/28150290
http://dx.doi.org/10.1056/NEJMoa003289
http://dx.doi.org/10.1056/NEJMoa003289
https://www.ncbi.nlm.nih.gov/pubmed/11856794
http://dx.doi.org/10.1056/NEJMoa012689
http://dx.doi.org/10.1056/NEJMoa012689
https://www.ncbi.nlm.nih.gov/pubmed/11856793
http://dx.doi.org/10.1186/1757-7241-21-22
http://dx.doi.org/10.1186/1757-7241-21-22
https://www.ncbi.nlm.nih.gov/pubmed/23531402
http://dx.doi.org/10.1056/nejmoa1310519
http://dx.doi.org/10.5603/mrj.2016.0021
http://dx.doi.org/10.5603/mrj.2016.0021
http://dx.doi.org/10.1186/cc10116
https://www.ncbi.nlm.nih.gov/pubmed/21439038
http://dx.doi.org/10.1016/j.resuscitation.2014.10.018
http://dx.doi.org/10.1016/j.resuscitation.2014.10.018
https://www.ncbi.nlm.nih.gov/pubmed/25447429
https://www.ncbi.nlm.nih.gov/pubmed/27987398
http://dx.doi.org/10.5603/mrj.2016.0004
http://dx.doi.org/10.1016/j.resuscitation.2014.11.002
http://dx.doi.org/10.1016/j.resuscitation.2014.11.002
http://dx.doi.org/10.1001/jama.291.7.870
https://www.ncbi.nlm.nih.gov/pubmed/14970067
http://dx.doi.org/10.1111/j.1399-6576.2009.02021.x
https://www.ncbi.nlm.nih.gov/pubmed/19549271
https://www.ncbi.nlm.nih.gov/pubmed/22518262
http://dx.doi.org/10.1016/j.resuscitation.2011.12.026
http://dx.doi.org/10.1016/j.resuscitation.2011.12.026
https://www.ncbi.nlm.nih.gov/pubmed/22230942
http://dx.doi.org/10.1016/j.ijcard.2007.12.039
http://dx.doi.org/10.1016/j.ijcard.2007.12.039
https://www.ncbi.nlm.nih.gov/pubmed/18353458
http://dx.doi.org/10.1089/ther.2016.0026
https://www.ncbi.nlm.nih.gov/pubmed/27906641
http://dx.doi.org/10.1016/j.resuscitation.2016.03.020
https://www.ncbi.nlm.nih.gov/pubmed/27060537
http://dx.doi.org/10.1016/j.resuscitation.2011.12.002
http://dx.doi.org/10.1016/j.resuscitation.2011.12.002
https://www.ncbi.nlm.nih.gov/pubmed/22155700
http://dx.doi.org/10.1161/JAHA.113.000580
https://www.ncbi.nlm.nih.gov/pubmed/24780205
http://dx.doi.org/10.5935/0103-507X.20150056
http://dx.doi.org/10.5603/fc.2015.0005
http://dx.doi.org/10.5603/CJ.a2018.0115
http://dx.doi.org/10.5603/CJ.a2018.0115
https://www.ncbi.nlm.nih.gov/pubmed/30246234
http://dx.doi.org/10.1016/j.resuscitation.2011.10.026
http://dx.doi.org/10.1016/j.resuscitation.2011.10.026
https://www.ncbi.nlm.nih.gov/pubmed/22079947
http://dx.doi.org/10.1016/j.resuscitation.2016.08.011
http://dx.doi.org/10.1016/j.resuscitation.2016.08.011
https://www.ncbi.nlm.nih.gov/pubmed/27565034


Address for correspondence: Dr. Kjell Nikus, MD, PhD, Heart Center, Department of Cardiology, Tampere University  
Hospital, Ensitie 4, 33520 Tampere, Finland, tel: +358 50 5575 396, e-mail: kjell.nikus@sydansairaala.fi
Received: 2.02.2019	 Accepted: 28.03.2019
This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Poor long-term outcome in acute coronary  
syndrome in a real-life setting:  

Ten-year outcome of the TACOS study
Kaari K. Konttila1, Kimmo Koivula1, 2, Markku J. Eskola3, Mika Martiskainen1,  

Heini Huhtala5, Vesa K. Virtanen3, Jussi Mikkelsson6, Kati Järvelä7,  
Kari O. Niemelä3, Pekka J. Karhunen1, 4, Kjell C. Nikus1, 3

1Faculty of Medicine and Health Technology, Tampere University, Finland 
2South-Karelia Central Hospital, Finland 

3Heart Center, Department of Cardiology, Tampere University Hospital, Finland 
4Fimlab Laboratories Tampere University Hospital, Tampere, Finland 

5Faculty of Social Sciences, University of Tampere, Finland 
6Heart Center, Satakunta Central Hospital, Pori, Finland 

7Heart Center, Tampere University Hospital, Finland

Abstract
Background: Long-term outcome of the three categories of acute coronary syndrome (ACS) in real-life 
patient cohorts is not well known. The objective of this study was to survey the 10-year outcome of an 
ACS patient cohort admitted to a university hospital and to explore factors affecting the outcome.
Methods: A total of 1188 consecutive patients (median age 73 years) with ST-elevation myocardial 
infarction (STEMI), non-ST-elevation myocardial infarction (NSTEMI) or unstable angina pectoris 
(UA) in 2002–2003 were included and followed up for ≥ 10 years. 
Results: Mortality for STEMI, NSTEMI and UA patients during the follow-up period was 52.5%, 
69.9% and 41.0% (p < 0.001), respectively. In multivariable Cox regression analysis, only age and 
creatinine level at admission were independently associated with patient outcome in all the three ACS 
categories when analyzed separately.
Conclusions: All the three ACS categories proved to have high mortality rates during long-term follow-
up in a real-life patient cohort. NSTEMI patients had worse outcome than STEMI and UA patients 
during the whole follow-up period. Our study results indicate clear differences in the prognostic signifi-
cance of various demographic and therapeutic parameters within the three ACS categories. (Cardiol J 
2021; 28, 2: 302–311)
Key words: acute coronary syndrome, myocardial infarction, prognosis, unstable angina

Introduction

Acute coronary syndromes (ACS) represent  
a spectrum of clinical events ranging from unstable 
angina pectoris (UA) to non-ST-segment elevation 
(NSTEMI) and ST-segment elevation myocardial 
infarction (STEMI). Despite the fact that ischemic 

heart disease remains the leading cause of death 
globally [1], data on long-term mortality, especially 
beyond the first few years, is scarce. 

Elderly patients are underrepresented or even 
excluded in clinical trials. As many as 50% of real-
world acute myocardial infarction (MI) patients 
may not be represented in randomized clinical tri-
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als [2]. On the other hand, the general population 
is aging, elderly individuals comprise the fastest 
growing segment of the population worldwide, and 
coronary artery disease is common in the elderly 
[3, 4]. Older MI patients are less likely to receive 
evidence-based care than younger patients [5].

Studies have shown that UA patients have 
better short-term outcome than patients with 
acute MI, but long-term outcome may not differ 
greatly [6]. According to randomized clinical tri-
als, NSTEMI patients have better outcome than 
STEMI patients during the first few weeks after the 
acute event, but they are at higher risk for adverse 
outcome over the long-term [7]. 

In a prospective observational study, we previ-
ously reported 10-month outcome data of consecu-
tive ACS patients (n = 1188) treated in a university 
hospital [8]. The aim of the present study was to 
establish the 10-year outcome data of all the three 
clinical entities of ACS in the same patient cohort. 
We also studied the effect of baseline clinical factors 
and data collected during the initial hospital stay 
on patient outcome. 

Methods

Study population
Details of the patient selection have been 

described elsewhere [8]. Briefly, the Tampere 
Acute COronary Study (TACOS) study cohort con-
sisted of 1188 ACS patients admitted to Tampere 
University hospital from the city of Tampere and  
11 neighboring municipalities, a region of 340,000 
inhabitants. From January 1st 2002 to March 31st 
2003 all patients admitted to the emergency depart-
ment presenting with acute MI as verified by an 
elevated blood troponin I (cTnI > 0.2 μg/L) value 
were recruited. In addition, from September 1st 
2002 to March 31st 2003 all consecutive troponin-
negative patients with UA were also recruited. 
Patients who died in or were discharged from the 
emergency department were not included. The 
complete study population consisted of 343 (29%) 
patients with STEMI, 655 (55%) with NSTEMI and 
190 (16%) with UA.

The study complies with the Declaration of 
Helsinki. The Ethics Committee of the Pirkanmaa 
Hospital District approved the study protocol (Per-
mission R02100). All subjects gave their written 
informed consent for participation.

ACS categories
All patients had symptoms and/or clinical 

signs suggestive of ACS. Patients with STEMI 

had elevated troponin levels (> 0.2 μg/L) and their 
electrocardiogram (ECG) fulfilled the predefined 
criteria for STEMI: ST-segment elevation in ≥ 2 
adjacent leads, in leads V1–V6 ≥ 1.5 mm (≥ 2 mm 
in at least one lead), in leads II, III, aVF, and I and 
aVL ≥ 1 mm.

Also, in NSTEMI patients, the troponin values 
were elevated, but the ECG did not fulfil the crite-
ria for STEMI. UA patients showed no elevation in 
a minimum of two cTnI levels 6–12 h apart. 

Follow-up
Data was collected by a study nurse and two of 

the investigators (ME and KJN). The follow-up was 
set to begin at the moment of the ECG recording 
used for analysis, and it ended at death or at the 
end of follow-up — March 31st 2013. Mortality was 
gathered by linking the personal identity code from 
the TACOS study to the Causes of Death register, 
maintained by Statistics Finland, which records 
100% of deaths of Finnish citizens at home and 
nearly 100% abroad. Follow-up was complete with 
716 deaths and 472 patients alive at the end of the 
follow up. When comparing mortality to literature, 
exact 10-year mortality was used.

Statistical analysis
Categorical variables were expressed as 

numbers of patients or percentages and continu-
ous variables as means or medians followed by 
quartiles (Q1–Q3). Fisher’s exact test was used 
for categorical variables and the Mann-Whitney 
U or Kruskal-Wallis test for numerical variables.  
A two-tailed p-value of < 0.05 was considered 
statistically significant. Kaplan-Meier curves 
were used to present the unadjusted survival 
data. Cox regression analysis was used to iden-
tify the baseline and in-hospital prognostic 
variables concerning mortality at follow-up. Cox 
univariate and multivariable regression analyses 
including all the variables were presented. Tro-
ponin I values were used only for the STEMI and 
NSTEMI categories due to immeasurable low  
(< 0.2 μg/L) values in UA patients. To utilize the 
power of the wide study population, the variables 
previous smoking and coronary angiography 
were not included in the final model because 
of lack of data in a significant proportion of pa-
tients. Mortality rates at pre-specified points in 
time were calculated by dividing the amount of 
cumulative events before the time point by the 
number of patients at risk at the beginning of the 
follow-up. All calculations were performed with 
the SPSS 22.0 statistical package.
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Results

Baseline characteristics and in-hospital data 
of the study patients were reported previously [9].  
The median age of patients at study inclusion was 
73 years (63–80 years) and the male/female ratio 
was 58%/42%. The NSTEMI patients were older 
(median age 75 years) than the STEMI (69 years) 
and UA (68 years) patients. The relative propor-
tion of female patients was higher in the NSTEMI 
than in the STEMI and UA categories (46%, 36%, 
and 37%, respectively; p = 0.003). There were 
no significant differences in the rate of hyperten-
sion (50–55%, p = 0.297) or diabetes (22–29%, 
p = 0.065) between the three groups. The rate 
of diuretic usage at admission was highest in the 
NSTEMI category (42%, 19%, and 32%, respec-
tively; p < 0.001). 

The median survival times for the STEMI and 
NSTEMI categories were 9.7 years and 4.7 years. 
The mean survival times were 7.3 (95% confidence 
interval [CI] 6.8–7.7), 5.4 (95% CI 5.0–5.7) and 7.7 
(95% CI 7.2–8.3) for STEMI, NSTEMI and UA 
categories, respectively (p < 0.001). The 5-year 
mortality rates were 32.4%, 51.3%, and 25.3%  
(p < 0.001), while the 10-year mortality rates were 
52.5%, 69.9%, and 41.0% (p < 0.001) for the STEMI, 
NSTEMI and UA categories, respectively (Fig. 1). 
Among all deaths, 73.9%, 72.5% and 57.7% were due 
to cardiovascular causes for the STEMI, NSTEMI 
and UA patient categories, respectively (p = 0.019). 

Variables predicting outcome at follow-up ac-
cording to Cox univariate and multivariable regres-
sion analyses are presented in Table 1. Age, male 
gender, active smoking, diabetes, higher creatinine 
level, STEMI and NSTEMI ACS categories were 
independent predictors of worse outcome, while 
bypass surgery and hypertension were associated 
with better outcome. Diuretic use both at hospital 
arrival and discharge was associated with worse 
outcome, while statin use at discharge was associ-
ated with better outcome (Table 2). 

When multivariable Cox regression analysis 
was performed separately for the ACS categories, 
only age and creatinine level at admission proved 
to be independent outcome predictors for all three 
categories (Table 3). Active smoking was an indica-
tor of worse outcome in both STEMI and NSTEMI 
categories. Diuretic use at discharge had a strong 
negative impact on outcome both in NSTEMI and 
UA patients (Table 2). In NSTEMI, which was the 
largest patient category, invasive treatment and 
beta-blocker use at discharge were associated with 
better outcome.  

Discussion

The present all-comers’ study showed that: 
1) all 3 patient categories of ACS have poor long-
term outcome, 2) NSTEMI patients have the 
worst outcome, 3) the survival curves of STEMI 
and NSTEMI patients stay clearly separated for 
a follow-up period of ≥ 10 years, 4) UA patients 
have better outcome than MI patients also in the 
long term, and 5) factors affecting outcome differ 
between the three ACS categories. 

Randomized clinical trials and the real-life 
setting in ACS: “Two different worlds”

In general, there is limited data on patient 
outcome in ACS beyond the first few years [9]. 
Especially, there is very little long-term mortality 
data from complete ACS cohorts, which include 
STEMI, NSTEMI and UA patients. Existing data 
shows wide variation in mortality reflecting distinct 
differences between randomized controlled trials 
with pre-specified exclusion criteria and “real-life” 
populations, which include consecutive patients 
independently of co-morbidities, ethnicity, age and 
gender. In randomized controlled trials of invasively 
treated STEMI patients, the 5-year mortality rate 
in STEMI may be as low as 10% [10]. The Global 
Registry of Acute Coronary Events (GRACE) study 
is widely acknowledged and has had significant im-

Figure 1. Kaplan-Meier estimates of survival and the 
number at risk at different time points in the three acute 
coronary syndrome categories. The y axis shows the 
proportion of patients alive at different time points  
(1.0 = 100%); abbreviations — see text. 
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pact on risk stratification in ACS [11]. In the “long-
term” GRACE study (GRACE UK-Belgian), 5-year 
mortality of STEMI and NSTEMI patients was 19% 
and 22%, respectively [9]. These figures are in 
strong contrast with the corresponding mortality 
figures of 32.4%, and 51.3% in the present study. 
The 2002 New Zealand ACS Audit Group carried 
out a comprehensive collection of data from all ACS 
patients admitted to a New Zealand hospital over 
a 14-day period in May 2002, and found mortality 
rates close to those of the present study in STEMI 
patients (34%), while the mortality rate (33%) for 
NSTEMI patients was between that reported in 
the GRACE UK-Belgian study and the present 
study [12]. Differences in patient age is probably 
an important explanatory factor for the observed 
variation in mortality rates; age at study inclusion 
was 65/72/69 years for STEMI and 67/73/75 years 

for NSTEMI in GRACE, New Zealand ACS and 
TACOS, respectively. Also, a retrospective “real 
life” analysis of 2,763 consecutive ACS patients 
found much higher mortality at long-term (median 
8.2 years) in patients > 65 years (69.7%) compared 
with those ≤ 65 years (18.6%) [13].  

When comparing longer outcome in STEMI 
patients, the 10-year mortality rates in the New 
Zealand ACS audit study (48%) and the present 
study (52.5%) are comparable. In NSTEMI pa-
tients, higher 10-year mortality rates were found: 
51% and 69.9%, probably not entirely explained by 
the 2-year age difference at study inclusion. 

A recent meta-analysis of 8 randomized non-ST-
-segment elevation ACS (NSTE-ACS; NSTEMI and 
UA together) trials included 6,657 patients [14]. At 
a mean of 10.3 year follow-up, the risk of all-cause 
mortality was 28.5%. Again, this is certainly much 

Table 2. Prognostic factors related to mortality according to univariate and multivariable Cox regression 
analyses

Median  
(IQR)  
or %

Valid  
cases

Univariate Multivariable

Hazard 
ratio

95% CI P Hazard 
ratio

95% CI P

Medication at admission:

ASA 45 1184 1.110 0.958–1.286 0.165 0.968 0.785–1.193 0.758

Beta-blocker 50 1186 1.283 1.108–1.487 0.001 1.078 0.874–1.329 0.485

Nitrate 48 1186 1.603 1.383–1.859 < 0.001 1.014 0.816–1.260 0.900

Calcium-antagonist 21 1186 1.228 1.032–1.461 0.021 1.141 0.903–1.442 0.270

Diuretic 34 1186 3.161 2.721–3.672 < 0.001 1.718 1.392–2.121 < 0.001

Statin 22 1187 0.747 0.621–0.900 0.002 1.279 0.982–1.665 0.068

ACE-inhibitor 45 1185 1.520 1.286–1.797 < 0.001 0.964 0.764–1.218 0.761

AT2-inhibitor 7 1186 0.963 0.720–1.287 0.798 1.306 0.824–2.071 0.256

Digitalis 12 1187 2.566 2.112–3.116 < 0.001 1.100 0.823–1.469 0.520

Warfarin 45 1187 2.053 1.682–2.505 < 0.001 1.004 0.714–1.411 0.983

Clopidogrel 1 1186 0.370 0.139–0.989 0.047 0.575 0.203–1.627 0.297

Medication at discharge:

Aspirin 88 1188 0.490 0.401–0.599 < 0.001 0.880 0.656–1.180 0.392

Beta-blocker 93 1188 0.742 0.562–0.979 0.035 0.691 0.475–1.004 0.053

Nitrate 72 1188 1.317 1.108–1.564 0.002 1.005 0.810–1.246 0.967

Calcium-antagonist 18 1188 1.160 0.966–1.393 0.113 0.960 0.751–1.226 0.741

Diuretic 50 1188 3.273 2.751–3.893 < 0.001 1.702 1.349–2.147 <0.001

Statin 34 1188 0.381 0.328–0.442 < 0.001 0.710 0.573–0.880 0.002

ACE-inhibitor 47 1188 1.193 1.031–1.382 0.018 1.020 0.839–1.242 0.841

AT2-inhibitor 8 1188 0.906 0.683–1.202 0.493 0.778 0.501–1.208 0.263

Digitalis 16 1188 2.515 2.110–2.997 < 0.001 1.147 0.8721.509 0.327

Warfarin 24 1188 1.337 1.136–1.574 < 0.001 1.052 0.822–1.345 0.688

Clopidogrel 20 1188 0.490 0.396–0.605 < 0.001 0.927 0.661–1.300 0.662

IQR — interquartile range; CI — confidence interval; ASA — acetylsalicylic acid; ACE — angiotensin-converting enzyme; AT2 — angiotensin II

306 www.cardiologyjournal.org

Cardiology Journal 2021, Vol. 28, No. 2



Table 3. Characteristics significant in at least one of the three acute coronary syndrome categories  
retained in the final multivariate Cox regression model.

Characteristic Hazard ratio 95% CI P

STEMI category
Age 1.067 1.044–1.091 < 0.001
Male gender 1.141 0.744–1.748 0.546
Active smoking 2.017 1.237–3.289 0.005
Hypertension 0.832 0.568–1.220 0.346
Diabetes:
No diabetes
Diabetes mellitus type 1 7.949 1.609–39.264 0.011
Diabetes mellitus type 2 1.509 1.020–2.233 0.040
Previous MI 0.658 0.413–1.048 0.078
Plasma creatinine [/10 µmol/L] 1.092 1.032–1.155 0.002
C-reactive protein [/10 mg/L] 1.029 1.004–1.055 0.022
cTnI [/10µmol/L] 1.005 0.999–1.012 0.114
Medication at admission:

Diuretic 1.357 0.881–2.089 0.166
ACE-inhibitor 0.625 0.375–1.041 0.071
Warfarin 0.638 0.311–1.307 0.219

PTCA 0.813 0.505–1.309 0.394
CABG 0.822 0.416–1.623 0.572
Medication at discharge:

Beta-blocker 0.841 0.355–1.994 0.695
Diuretic 1.137 0.768–1.682 0.521
Statin 0.573 0.386–0.853 0.006
Digitalis 2.111 1.136–3.925 0.018

NSTEMI category
Age 1.044 1.029–1.060 < 0.001
Male gender 1.121 0.892–1.410 0.328
Active smoking 1.537 1.091–2.165 0.014
Hypertension 0.753 0.593–0.955 0.019
Diabetes:

No diabetes
Diabetes mellitus type 1 1.774 0.637–4.939 0.272
Diabetes mellitus type 2 1.144 0.911–1.436 0.247

Previous MI 1.066 0.842–1.351 0.595
Plasma creatinine [/10 µmol/L] 1.037 1.020–1.055 < 0.001
C-reactive protein [/10 mg/L] 0.999 0.985–1.013 0.874
cTnI [/10µmol/L] 1.035 1.014–1.058 0.001
Medication at admission:

Diuretic 1.827 1.411–2.366 < 0.001
ACE-inhibitor 1.104 0.864–1.412 0.429
Warfarin 1.370 1.003–1.870 0.048

PTCA 0.569 0.374–0.864 0.008
CABG 0.456 0.310–0.673 < 0.001
Medication at discharge:

Beta-blocker 0.554 0.352–0.872 0.011
Diuretic 2.104 1.547–2.862 < 0.001
Statin 0.795 0.629–1.005 0.055
Digitalis 1.250 0.951–1.642 0.109

Æ
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lower than in both NSTEMI (69.9%) and UA (41%) 
in the present study. However, the mean age of the 
NSTE-ACS patients in the meta-analysis was ~76 at 
the end of 10.3-year follow-up, while in the present 
study, the median age at study inclusion in NSTEMI 
patients was 75 years (68 years for UA) [8]. 

STEMI/NSTEMI comparison
Clinical trial evidence is limited with regard 

to the efficacy and hazards of pharmacological and 
invasive management of NSTE-ACS in the elderly. 
According to Alexander et al. [15], the age gap be-
tween trials and community populations begins at 
age 75 and widens with age. Studies have shown that 
long-term outcome in NSTEMI patients is not im-
proving, and this has been attributed to the fact that 
they have a more complex phenotype [16]. Com-
pared with STEMI patients, those with NSTEMI  
tend to be older and have more comorbidity. In 

the Worcester Heart Attack Study (WHAS) with 
a population 3,762 patients, post-discharge death 
rates in a sub-cohort with longer follow-up, 5-year 
death rates for STEMI (mean age for all patients 
65.5 years) and NSTEMI (mean age for all patients 
72.6 years) were 30.2% and 52.4%, which are in 
the same range as in the present study: 32.4% for 
STEMI, 51.3% for NSTEMI [17].  

Regarding STEMI, the introduction of pri-
mary percutaneous coronary intervention (PCI) 
programs and improvements in coronary interven-
tions and medical therapy have resulted in definite 
improvement in patient outcome [18, 19]. However, 
patients > 75 years of age are underrepresented 
in randomized clinical STEMI trials; age over 75 
or 80 years was a typicalexclusion criteria in many 
trials [20]. Therefore, limited data is available for 
guidance on the best management of this growing 
subset of patients, although registry data seems 

Table 3 (cont.). Characteristics significant in at least one of the three acute coronary syndrome categories 
retained in the final multivariate Cox regression model.

Characteristic Hazard ratio 95% CI P

UAP category

Age 1.117 1.073–1.164 < 0.001

Male gender 3.400 1.625–7.113 0.001

Active smoking 1.995 0.614–6.481 0.251

Hypertension 1.003 0.558–1.805 0.992

Diabetes:

No diabetes

Diabetes mellitus type 1 131.881 0.882–19712.989 0.056

Diabetes mellitus type 2 2.103 1.173–3.770 0.013

Previous MI 0.696 0.361–1.345 0.281

Plasma creatinine [/10 µmol/L] 0.946 0.905–0.989 0.015

C-reactive protein [/10 mg/L] 1.221 1.102–1.352 < 0.001

Medication at admission:

Diuretic 0.683 0.296–1.577 0.372

ACE-inhibitor 1.354 0.704–2.606 0.364

Warfarin 0.700 0.342–1.429 0.327

PTCA 0.028 0.000–4.118 0.160

CABG 0.222 0.047–1.039 0.056

Medication at discharge:

Beta-blocker 1.281 0.571–2.874 0.548

Diuretic 4.807 1.937–11.931 0.001

Statin 1.131 0.610–2.099 0.695

Digitalis 0.907 0.432–1.900 0.795

ACE — angiotensin-converting enzyme; CABG — coronary artery bypass surgery; CI — confidence interval; cTnI — cardiac troponin I; MI — 
myocardial infarction; NSTEMI — non-ST-segment elevation myocardial infarction; PTCA — percutaneous transluminal coronary angioplasty; 
STEMI — ST-segment elevation myocardial infarction; UAP — unstable angina pectoris
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to support the superiority of primary PCI over 
conservative treatment also in the elderly [21]. 
The Florence Acute Myocardial Infarction Registry 
(AMI-Florence) was a population-based prospec-
tive observational registry, where the baseline 
data were collected in 2000–2001 (2002–2003 in 
our study) [21]. In STEMI patients (n = 875), the 
8-year mortality rate was 49%, comparable to 42.3% 
in the present study. In AMI-Florence, primary PCI 
was performed in 50% of the STEMI patients admit-
ted within 24 h, whereas in the current study 24% 
had PCI during the index hospital admission, while 
57% received fibrinolytic therapy [8].

Unstable angina pectoris
Existing data on the long-term outcome of UA 

is scarce mainly due to the fact that researchers 
tend to combine NSTEMI and UA into NSTE-ACS 
[22]. It was previously reported that UA patients 
(median age at study inclusion 68 years) had low 
in-hospital mortality (2.6%), but at 10 months, 
the mortality rate had increased to 12% [8]. With 
longer follow-up, 5- and 10-year mortality rates of 
UA patients clearly increased to 25.3% and 41%, 
respectively. The corresponding mortality rate 
at 10 years in the New Zealand ACS Audit trial 
was 32% [12]. In the GRACE UK-Belgian study, 
5-year mortality rate in UA was 18% [9]. With the 
introduction of the sensitive troponins to detect 
myocardial injury, it is probable that a consider-
able proportion of the UA patients in the present 
study would be classified as NSTEMI using today’s 
diagnostic methods [23].

Predictors of mortality
When analyzing all patients together in the pre-

sent study, the well-established cardiovascular risk 
factors retained their statistical significance as inde-
pendent outcome predictors in the multivariable analy-
ses. However, only age and renal dysfunction (higher 
creatinine levels), which are well documented risk 
factors, showed negative prognostic impact uniformly 
in all three ACS categories. For example, active smok-
ing affected outcome only in STEMI and NSTEMI 
patients, while male gender was associated with 
inferior outcome only in UA patients. Previous study 
evidence for a gender difference in mortality in ACS 
patients is conflicting. In a major systematic review, 
Buchholz et al. [24] found considerable heterogeneity 
of study results when analyzing 26 studies reporting 
mortality at 5 to 9 years. Most studies reported clear 
attenuation of study results after covariates other 
than age were introduced in the analyses.

The fact that diuretic use had the strongest 
impact on the outcome of patients in the NSTEMI  
category is not surprising, as these patients 
were older and probably had more co-morbidity, 
such as heart failure. In the PRAIS-UK regis-
try, which dealt with NSTEMI patients treated 
in the late 1990’s, history of heart failure was  
a predictor of inferior outcome during 10-year 
follow-up [25]. 

Herein, there is no definite explanation for 
the protective effect on outcome of hyperten-
sion in the NSTEMI patients, other than possible 
positive effects on use of hypertensive medication 
on ventricular remodeling. Hypertension could 
also maintain circulation of the kidneys longer in 
the severely ill, hypovolemic patients and hence,  
a delayed progression of kidney failure. 

Limitations of the study
This study has clear limitations; those re-

lated to data collection and patient classification 
were described previously [8]. The follow-up of 
UA patients was shorter than in the STEMI and 
NSTEMI groups. The categorization of those with 
left bundle branch block as NSTEMI or UA patients 
could increase the risk of random error. However, 
only 9% of left bundle branch block patients were 
treated with fibrinolytic therapy, which supports 
the decision for this classification.

There are two additional limitations typical for 
outcome studies with long follow-up in patients 
with cardiovascular diseases. The first limitation is 
the low rate of invasive procedures [17]. Especially 
in STEMI, the rate of invasive procedures during 
the index hospital stay in the present study was 
lower than what is typical for Western countries 
today. Yet, most (55%) patients in the examined 
cohort had NSTE-ACS, where the rate of invasive 
procedures did not increase as much as in the treat-
ment of STEMI [26]. In addition, in the NSTEMI 
category, the median age at study inclusion was  
75 years, and older patients tend to have lower 
rates of invasive procedures [27]. Also, the use 
of medical therapy is known to improve outcome, 
such as statins, were not at the level that is ex-
pected in patient care today. Because of these 
limitations, the study results do not necessarily 
reflect the outcome of ACS patients treated ac-
cording to a modern standard. Another general 
limitation of studies with long-term follow-up is 
the fact that changes in patient medication and new 
coronary interventions are difficult or impossible 
to control for.
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Conclusions

All three ACS categories herein proved to have 
high mortality rates during long-term follow-up 
in a real-life patient cohort. NSTEMI patients had 
worse outcomes than STEMI and UA patients dur-
ing the whole follow-up period. The present study 
results also indicates considerable differences in 
the prognostic significance of various demographic 
and therapeutic parameters within the three ACS 
categories. 
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Abstract 
Background: Nutritional risk index (NRI) has been shown to better predict survival than body mass 
index (BMI) or albumin after several cardiovascular interventions. Under assessment herein is whether 
NRI can have higher predictive value than conventional parameters for short-term survival after trans
catheter aortic valve replacement (TAVR).
Methods: A prospective cohort study was performed. In-hospital, 1-month and 3-month survival was 
evaluated. Since most patients undergoing TAVR are over 65, the NRI definition for a geriatric popu-
lation (GNRI) was used. The impact of baseline BMI, albumin levels, and GNRI on in-hospital and 
short-term survival was assessed.
Results: One hundred fifty two patients aged 82 ± 5.4 were included. In-hospital, 1-month, and 
3-month mortality was 5.3%, 5.9%, and 9.2%, respectively. Mean GNRI was 112.7 ± 11.9, and was 
significantly lower in patients who died in-hospital (101.0 ± 8.8 vs. 113.3 ± 11.7), at 30 days (103.4 ± 
± 10.9 vs. 113.3 ± 11.7), and at 90 days (104.0 ± 9.6 vs. 113.6 ± 11.8) than in survivors (all, p < 0.05). 
Three-month mortality in patients with no nutritional risk was 6.8% (9/132) vs. 25% (5/20) in patients 
with malnutrition (p = 0.022). In univariate analysis, GNRI predicted in-hospital, 30-day, and 90-day 
mortality (all, p < 0.05). Predictive value remained significant after adjusting for age, EuroSCORE II,  
and STS-Score (p < 0.05). Based on receiver operating curves, GNRI (AUC: 0.73) showed a better 
discrimination for 3-month mortality than albumin (0.69), weight (0.67) or BMI (0.62). The optimal 
cut-off value was 109.8. 
Conclusions: The geriatric nutritional risk index predicts short-term mortality after TAVR and has  
a higher discriminating ability than other commonly used nutritional variables. It is a simple parameter 
that identifies those patients who could benefit from pre-procedural nutritional therapy. (Cardiol J 2021; 
28, 2: 312–320)
Key words: aortic valve stenosis, body mass index, transcatheter aortic valve  
replacement, hypoalbuminemia

Introduction

Malnutrition is frequent in elderly patients and 
has been shown to affect survival in several cardio-

vascular diseases, such as chronic heart failure [1] 
or coronary artery disease [2]. Transcatheter aortic 
valve replacement (TAVR) is mainly performed 
in high-risk patients, the vast majority of which 

clinical cardiology
Cardiology Journal 

2021, Vol. 28, No. 2, 312–320
DOI: 10.5603/CJ.a2019.0038 
Copyright © 2021 Via Medica

ISSN 1897–5593 
eISSN 1898–018X

312 www.cardiologyjournal.org

original article



are geriatric patients. In such patients, nutritional 
status could be a useful prognostic factor to be 
considered before any planned TAVR. Nutritional 
status in patients undergoing TAVR has been evalu-
ated in several ways, including body mass index 
(BMI) and laboratory parameters such as albumin 
levels. Higher BMI and higher albumin levels have 
been previously associated with more favorable 
outcomes after TAVR [3]. Regarding albumin, 
low baseline levels have been shown to predict 
in-hospital, 30-day and long-term mortality [3, 4]. 
Furthermore, a meta-analysis has shown BMI, as 
a continuous variable, to be associated with a bet-
ter early prognosis after TAVR [5]. The nutritional 
risk index (NRI), originally described by Buzby et 
al. [6], is a simple tool that combines both clinical 
and laboratory parameters. Since its introduction, 
it has been applied in several medical specialties, 
mainly in the field of oncology [7, 8]. NRI has been 
recently shown to have a better prognostic value 
than both BMI and albumin in several cardiovas-
cular diseases and procedures, including acute or 
chronic heart failure [1, 9], heart transplants [10], 
coronary artery disease [2] or percutaneous coro-
nary interventions [11]. NRI is not only an easy tool 
to assess nutritional status, but it does not require 
any complex or additional test to those performed 
routinely on admission. The geriatric nutritional 
risk index (GNRI) is a version of the NRI adapted 
for elderly patients; thus, it could be particularly 
useful for the population usually undergoing TAVR. 
The present study sought to elucidate the impact 
of nutritional status, measured with both GNRI 
and conventional parameters, on clinical outcomes 
and particularly short-term survival after TAVR.

Methods

Study population
A prospective, observational, cohort study was 

performed in patients undergoing TAVR with a new 
generation valve prosthesis using a transfemoral 
access from July 2016 to September 2017 in the 
documented center. Consecutive patients with 
symptomatic severe aortic stenosis having a pro-
hibiting risk for surgical aortic valve replacement 
were included, as assessed by a multidisciplinary 
Heart Team. Patients with an isolated or combined 
severe aortic regurgitation and patients requiring  
a valve-in-valve procedure were also included.

Procedures
Pre-procedural baseline demographic, clinical 

and laboratory characteristics were assessed and 

baseline nutritional data, including serum albumin 
and BMI, were obtained. New York Health Associa-
tion (NYHA) class was assessed, and EuroSCORE II  
and STS scores were documented.

After a Heart Team decision, TAVR procedures 
were carried out according to standard techniques. 
The choice of prosthesis was left to operator 
discretion. Use of local anesthesia and conscious 
sedation was the aim for all patients. Procedural 
details were also recorded.

In-hospital survival was evaluated and at fol-
low-up to assess vital status, which was performed 
at 1 and 3 months through outpatient visits and/or 
with telephone interviews by a physician. 

Nutritional assessment based on GNRI
Since most patients undergoing TAVR are 

older than 65, the NRI definition adapted to an old 
population was used, as described by Bouillanne et 
al. [12]: Geriatric (G) NRI = (1.489) × Albumin 
(g/L) + [(41.7 × (present weight/ideal weight)]. 

In order to be consistent with GNRI use, 
patients under 65 years were excluded from the 
analysis. Ideal weight (WLo) was calculated ac-
cording to Lorentz equations [12]: 

WLo (kg) in men: (Height – 100) – [(Height – 150)/4]
WLo (kg) in women: (Height – 100) – [(Height – 150)/2.5]

Based on this definition, patients were di-
vided into four grades of nutrition-related risk, 
as suggested in the literature [12]: GNRI > 98 
(no risk), GNRI 92 to ≤ 98 (low risk), GNRI 82 to  
< 92 (moderate risk), and GNRI < 82 (major risk). 
Due to the low number of malnourished individu-
als, for inferential categorical analyses, all patients 
with some degree of malnutrition were combined 
into one category (GNRI ≤ 98) and those without 
malnutrition into another one (GNRI > 98). 

Outcomes
The primary endpoint of this study was overall 

mortality at 3 months. Secondary endpoints includ-
ed in-hospital and 1-month mortality. Exploratory 
variables were length of stay in hospital, and NYHA 
improvement at 3 months after TAVR.

Statistical analysis
Categorical variables were described with 

frequencies and percentages, and continuous varia-
bles were reported with mean ± standard deviation 
(SD) if normally distributed or median (range) if 
not normally distributed. The Fisher test or c2 was 
used to compare categorical variables. The Student 
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t-test was used to compare means and the Mann-
-Whitney U test was used to compare medians. 
Primary and secondary endpoints were assessed 
hierarchically in the following pre-specified order: 
3-month, 1-month, and in-hospital mortality. All 
other endpoints were considered exploratory, and 
no adjustments were made for multiplicity of tests. 
Survival prediction was evaluated by means of  
a logistic regression (adjusted by potential con-
founding factors). Statistical significance was based 
on a p-value < 0.05. Receiver operating curves 
(ROC) were created to assess sensitivity and speci-
ficity of the GNRI in predicting survival, as well as 
those for individual components of the index. The 
best cut-off value was decided using the highest 
value of the Youden index. SPSS statistical software 
package version 24.0 was used for all analyses.

All patients gave signed and informed consent 
prior to intervention and the study was performed 
under the protocol, which was approved by the local 
ethics committee (296/16).

Results

Study population
Out of 171 patients who underwent TAVR 

between July 2016 and September 2017, 8 patients 
were excluded from the analysis due to unavail-
able baseline albumin levels and 4 patients were 
excluded due to missing follow-up data. In order to 
be consistent with GNRI use, 7 patients under 65 
years were excluded from the analysis. A flow-chart 
of patient exclusion in the present study population 
is shown in Figure 1. 

Baseline and procedural characteristics
Transcatheter aortic valve replacement was 

performed in 152 patients using various new 

generation prostheses including Portico valve  
(St. Jude Medical) (n = 91), Sapien 3 valve (Ed-
wards Lifesciences) (n = 20), Evolut R valve 
(Medtronic) (n = 20), and Symetis valve (Boston 
Scientific) (n = 21). 

Overall mean ± SD age was 82 ± 5.4 years, 
and 41.4% of patients were female. EuroSCORE II  
and STS score were 5.3 ± 6 and 4.0 ± 2.8, re-
spectively.  

Baseline and procedural characteristics of 
the whole population and in patients with and 
without malnutrition are shown in Table 1. Most 
patients had hypertension (93%), and other com-
mon comorbidities were coronary artery disease 
(58%), diabetes (35%), and most patients had 
some degree of chronic renal failure. No sig-
nificant differences were shown between groups 
except regarding nutritional parameters, including 
weight, albumin and GNRI. Both EuroSCORE II 
and STS scores differed significantly between 
groups as expected.  

Nutritional results
Overall baseline mean GNRI value was 112.7 ±  

± 11.9, median BMI was 26.9 (16.4–41.7) kg/m2, 

and median albumin level was 4.2 (2.5–5) g/dL. 
Based on GNRI values, 86.8% of patients had no 
nutritional risk (GNRI > 98), 9.9% had low risk 
(GNRI 92 to ≤ 98), 3.3% had moderate risk (GNRI 
82 to < 92), and no patients were at major risk 
(GNRI < 82) prior to intervention, with median 
GNRI values being 115.6 ± 9.8, 95.3 ± 1.8, and 
88.1 ± 1.8, respectively. Mean BMI and albumin 
values varied within categories but did not show 
a clear tendency. 

Mean age was 81.6 ± 5.4 years in no risk 
patients, 83.7 ± 4.1 years in low risk patients, 
and 86.2 ± 6.9 years in patients at moderate risk. 

Total patients with TAVR
July 2016–September 2017

n = 171

Patients without 
exclusion criteria

n = 159

Included patients
n = 152

Exclusion criteria
— Baseline albumin not available (n = 8)
— 30-day follow-up not available (n = 4)

Geriatric nutritional risk index calculations
— Exclusion of patients < 65 years (n = 7)

Figure 1. Flowchart of the study population; TAVR — transcatheter aortic valve replacement.
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Lower GNRI values (thus, more severe malnutri-
tion) were associated with older age; however, this 
did not reach statistical significance.

Clinical outcomes and survival
Overall mortality was 5.3% in-hospital, 5.9% 

at 1 month, and 9.2% at 3 month follow up. Causes 

of 3-month mortality were the following: cardiovas-
cular (3 refractory cardiogenic shock, and 1 elec-
tromechanical dissociation), non-cardiovascular 
(4 life-threatening bleeding, 1 life-threatening 
cerebrovascular accident, 1 critical limb ischemia, 
1 acute kidney failure, 2 multi-organ failure syn-
drome), and 1 unknown cause.

Table 1. Baseline and procedural characteristics of the population according to geriatric nutritional risk 
index (GNRI). 

Overall  
population  
(n = 152)

Patients with no  
nutritional risk  

(GNRI > 98)  
(n = 132)

Patients with  
nutritional risk  

(GNRI ≤ 98)  
(n = 20)

P

Baseline characteristics

Age [years] 82 ± 5.4 81.6 ± 5.4 84.4 ± 4.9 0.032

Sex (female) 41.4% (n = 63) 41.7% (n = 55) 40% (n = 8) 0.888

Weight [kg] 77.0 ± 14.0 79.0 ± 13.6 63.9 ± 8.9 0.0001

Ideal weight [kg] 62.2 ± 7.4 62.0 ± 7.3 63.4 ± 8.3 0.442

Height [cm] 167.1 ± 9.6 166.9 ± 9.5 168.7 ± 10.7 0.427

BMI [kg/m2] 26.9 (16.4–41.7) 27.5 (19.5–41.7) 21.9 (16.4–31.1) 0.0001

Albumin [g/dL] 4.2 (2.5–5) 4.2 (2.6–5) 3.5 (2.5–4.4) 0.0001

GNRI 112.7 ± 11.9 115.6 ± 9.8 93.5 ± 3.6 0.0001

Frailty 68.4% (n = 104) 67.4% (n = 89) 75% (n = 15) 0.611

Chronic renal failure 96.7% (n = 147) 96.2% (n = 127) 100% (n = 20) 0.999

Carotid occlusive disease 18.4% (n = 28) 17.4% (n = 23) 25% (n = 5) 0.535

Peripheral artery disease 15.1% (n = 23) 15.9% (n = 21) 10% (n = 2) 0.740

Previous cardiac surgery 13.2% (n = 20) 11.4% (n = 15) 25% (n = 5) 0.146

Previous MI 10.5% (n = 16) 9.1% (n = 12) 20% (n = 4) 0.230

Previous stroke 13.8% (n = 21) 13.6 (n = 18) 15% (n = 3) 0.999

Previous TIA 2% (n = 3) 2.3% (n = 3) 0% (n = 0) 0.999

Coronary artery disease 57.9% (n = 88) 56.8% (n = 75) 65% (n = 13)

Porcelain aorta 17.1% (n = 26) 18.9% (n = 25) 5% (n = 1) 0.200

COPD 15.8% (n = 24) 15.2% (n = 20) 20% (n = 4) 0.525

Diabetes 34.9% (n = 53) 34.1% (n = 45) 40% (n = 8) 0.621

Hypertension 92.8% (n = 141) 92.4% (n = 122) 95% (n = 19) 0.999

EuroSCORE II 5.4 ± 6.1 4.8 ± 4.8 9.4 ± 10.5 0.002

STS score 4.1 ± 2.8 3.6 ± 1.8 7.2 ± 5.1 0.0001 

Procedural characteristics

Type of valve:

Portico 59.9% (n = 91) 59.1% (n = 78) 65% (n = 13)

Evolut 13.2% (n = 20) 12.9% (n = 17) 15% (n = 3)

Symetis 13.8% (n = 21) 13.6% (n = 18) 15% (n = 3)

Sapien 3 13.2% (n = 20) 14.4% (n = 19) 5% (n = 1)

Contrast dye [mL] (n = 150) 140 (10–550) 150 (10–550) 125 (50–240) 0.249

Fluoroscopy time [min] (n = 149) 18.4 (7.9–230) 18.4 (7.9–230) 18.4 (8.0–47.0) 0.802

Simultaneous PCI (n = 150) 2.7% (n = 4) 3.1% (n = 4) 0% (n = 0) 0.999

Bold figures show significant differences; BMI — body mass index; COPD — chronic obstructive pulmonary disease; MI — myocardial infarc-
tion; PCI — percutaneous coronary intervention; TIA — transient ischemic attack
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Three-month mortality in patients with no 
nutritional risk was 6.8% (9/132) vs. 25% (5/20) 
in patients with some degree of malnutrition 
according to GNRI (p = 0.022, the Fisher test). 
Mortality at 1-month and in-hospital also showed 
a similar trend: 4.5% (6/132) in well-nourished 
patients vs. 15% (3/20) in malnourished patients 
at 1 month, and 3.8% (5/132) in well-nourished 
patients vs. 15% (3/20) in malnourished patients 

in-hospital, with differences not reaching statistical 
significance.

Mean GNRI values were significantly lower in 
patients who died in-hospital (101.0 ± 8.8 vs. 113.3 ±  
± 11.7), at 30 days (103.4 ± 10.9 vs. 113.3 ± 11.7), 
and at 90 days (104.0 ± 9.6 vs. 113.6 ± 11.8) than 
in those who survived (two-sample Student t-test, 
all, p < 0.05). Results were also significant for 
baseline albumin levels when comparing patients 

Table 2. Baseline characteristics of the population according to short-term survival. 

Patients with survival at 
3-months (n = 138)

Patients who died at 
3-months (n = 14)

P

Baseline characteristics

Age [years] 82 ± 5.3 81.8 ± 6.9 0.919

Sex (female) 39.9% (n = 55) 57.1% (n = 8) 0.259

Weight [kg] 77.8 ± 13.9 69.14 ± 13.5 0.027

Ideal weight [kg] 62.4 ± 7.3 60.1 ± 8.3 0.282

Height [cm] 167.4 ± 9.5 164.5 ± 10.6 0.291

BMI [kg/m2] 27.2 (18.1–41.7) 25.1 (16.4–37.4) 0.133

Albumin [g/dL] 4.2 (2.7–5) 3.7 (2.5–4.8) 0.018

GNRI 113.6 ± 11.8 104 ± 9.6 0.004

Frailty 66.7% (n = 92) 85.7% (n = 12) 0.227

Chronic renal failure 96.4% (n = 133) 100% (n = 14) 0.999

Carotid occlusive disease 18.1% (n = 25) 21.4% (n = 3) 0.723

Peripheral artery disease 15.9% (n = 22) 7.1% (n = 1) 0.696

Previous cardiac surgery 14.5% (n = 20) 0% (n = 0) 0.217

Previous MI 10.1% (n = 14) 14.3% (n = 2) 0.644

Previous stroke 13.8% (n = 19) 14.3% (n = 2) 0.999

Previous TIA 1.4% (n = 2) 7.1% (n = 1) 0.253

Coronary artery disease 60% (n = 80) 57.1% (n = 8)

Porcelain aorta 18.1% (n = 25) 7.1% (n = 1) 0.466

COPD 15.2% (n = 21) 21.4% (n = 3) 0.465

Diabetes 35.5% (n = 49) 28.6% (n = 4) 0.772

Hypertension 93.5% (n = 129) 85.7% (n = 12) 0.268

EuroSCORE II 5.5 ± 6.2 4.3 ± 4.5 0.482

STS score 4.0 ± 2.7 4.6 ± 3.1 0.486

Procedural characteristics

Type of valve:

Portico 71.4% 84.6%

Evolut 12.5% 7.7%

Symetis 0% 7.7%

Sapien 3 16.1% 0%

Contrast dye [mL] (n  =  150) 140 (10–550) 185 (110–270) 0.096

Fluoroscopy time [min] (n  =  149) 18.1 (7.9–230) 20.6 (12.7–47) 0.138

Simultaneous PCI (n  =  150) 2.2% (n = 3) 7.7% (n = 1) 0.327

Bold figures show significant differences; BMI — body mass index; COPD — chronic obstructive pulmonary disease; MI — myocardial infarction;  
PCI — percutaneous coronary intervention; TIA — transient ischemic attack
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who died within 3 months after the intervention 
vs. those who survived: 3.7 (2.5–4.8) vs. 4.2 (2.7–5) 
(p = 0.018, Mann-Whitney U Test), respectively. 
BMI showed a numerical difference but did not 
reach statistical significance. Further details are 
shown in Table 2.

In univariate analysis, GNRI significantly 
predicted in-hospital, 30-day and 90-day morta
lity (all, p < 0.05). Predictive capacity of GNRI 
remained significant in multivariate analysis after 
adjusting for potential confounders including age, 
and pre-interventional risk-scores (EuroSCORE II  
and STS-Score) (p < 0.05, logistic regression). 
No other baseline characteristics were significant 
independent predictors in univariate analysis. Albu-
min level was also significantly predictive, and BMI 
was numerically higher in patients who survived. 

In order to investigate if the predictive value 
of GNRI was mainly driven by results in patients 
with high vs. low general clinical risk, some post 
hoc exploratory analyses in subgroups of patients 
were performed as defined by EuroSCORE/STS 
risk level. The overall trend was confirmed in 
all subgroups. In patients with an intermediate/ 
/high EuroSCORE II risk (n = 55), mortality rates 
were 2.44% in patients with no nutritional risk vs. 
21.43% in patients with some degree of nutritional 
risk (p < 0.05). In patients with a low EuroSCORE 
II risk (n = 97), mortality rates were 8.80% vs. 
33.30%, respectively (p = 0.11). In patients with 
an intermediate/high STS risk (n = 54), mortality 
rates were 8.80% in patients with no nutritional 
risk vs. 33.30% in patients with some degree of 
nutritional risk (p = 0.34). In patients with a low 
STS risk (n = 98), mortality rates were 9.76% vs. 
23.08%, respectively (p = 0.08). In regression 
analyses the GNRI predictive capacity reached 
significance in the STS high/intermediate group 
(p < 0.05) and the EuroSCORE low-risk group  
(p = 0.01).

According to ROC, GNRI showed a better dis-
crimination for 3-month mortality than its individ-
ual components (3-month: area under curve [AUC] 
GNRI: 0.73 vs. AUC albumin: 0.69 vs. AUC weight: 
0.67) or BMI (AUC BMI: 0.62). Similar results were 
found for in-hospital and 1-month mortality. ROC for 
GNRI and 3-month mortality is shown in Figure 2.  
The optimal GNRI cut-off in the present series 
was 109.8.

In a subgroup analysis based on the traditional 
BMI classification, patients with underweight (BMI 
< 20 kg/m2) showed a numerically higher mortal-
ity than normal weight, overweight, and obese 
patients, with the difference not reaching statistical 

significance. Detailed mortality percentages are 
shown in Figure 3.

The NYHA class change at 3 months after 
TAVR could be assessed in 118 patients. An im-
provement of at least one level was shown in 
most of them (84.7%). Such an improvement was 
observed in 86.6% of patients with no nutrition 
risk vs. 69.2% of patients with some degree of 
nutritional risk (p = NS).

No significant differences in median length of 
stay in hospital were observed between different 

Figure 3. Relationship between 3-month mortality and 
body mass index (BMI) classification.

Figure 2. Receiver operating curve for geriatric nutrition 
risk index and 3-month mortality; area under the curve: 
0.74; 95% confidence interval: 0.60–0.88; p < 0.005.
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nutritional status groups (9 days in patients with 
no degree of malnutrition vs. 10 days in patients 
with some degree of malnutrition). 

Discussion

Overall outcomes in the current TAVR popula-
tion are in line with those previously described in 
the literature, with short-term mortality and in-
hospital complications according to Valve Academic 
Research Consortium-2 criteria being similar 
to those reported for all new generation valves 
[13–15].

According to available research, this is the first 
prospective cohort study on the predictive value of 
GNRI in TAVR patients in a European population, 
in which an improved predictive value of GNRI as 
compared to commonly used nutritional param-
eters is shown and a practical clinical threshold is 
estimated. Differences between patients who died 
and survivors at 90 days were significant regarding 
GNRI, weight and albumin, but not regarding BMI. 
The overall GNRI predictive value is supported by 
the uniform trend observed in exploratory analyses 
in all risk level subgroups defined by EuroSCORE 
and STS scores. Specifically, the significant predic-
tive value of GNRI in some subgroups suggests  
a potential added value of GNRI to predict futility 
of TAVR.

Geriatric nutritional risk index showed  
a higher discrimination in prediction of short-term 
mortality than its individual parameters or BMI, 
as shown by ROC-curves. A preliminary GNRI 
cut-off value of 109.8 is suggested; further studies 
in larger populations are warranted to confirm its 
clinical value. The trend to a less common NYHA 
improvement in patients with some degree of nu-
tritional risk is consistent with the overall negative 
impact of poor nutrition on clinical outcomes. 

 Data analysis has recently appeared from  
a Japanese registry which has also suggested that 
GNRI has a prognostic value in TAVR [16]. Patient 
details were based on registry records and infor-
mation on deaths were obtained from the treating 
hospital or by calling family members. Although 
no comparison of its predictive value with other 
nutritional markers were reported, a significantly 
increased mortality rate was also found in patients 
with lower GNRI values.

In the present cohort, no patients with a very 
high-risk malnutrition were identified, but several 
showed some extent of malnutrition. A possible 
explanation is that patients with severe malnutri-
tion or who are frail may have been excluded for 

TAVR screening due to the presumed futility of 
the intervention.

The present results are in line with previously 
published studies showing a good predictive value 
of pre-operative GNRI in other cardiovascular 
therapies such as heart failure [17], heart trans-
plant [10] or more recently percutaneous coronary 
intervention [11]. Other reports have shown low 
GNRI to delay rehabilitation after cardiac surgery 
in elderly patients [18], which remains to be stud-
ied after TAVR. 

Several studies have shown that low levels of 
pre-procedural albumin are associated with short-
term and mid-term mortality [3, 4, 19]. These 
results have been confirmed in the present study. 
However, the GNRI (combining both albumin and 
other body mass parameters) showed an even bet-
ter discrimination capacity in predicting short-term 
mortality after TAVR than pre-procedural albumin.

Body mass index as a continuous variable 
has previously been shown to be associated with 
a better short-term prognosis after TAVR [5]. 
Continuous BMI data in the current study did not 
significantly predict mortality, probably due to the 
low number of events. However, median BMI was 
lower in patients not surviving at 3 months. When 
categorizing patients according to BMI values, 
underweight patients (BMI < 20 kg/m2) showed  
a numerically higher mortality (40%) than all 
groups with a higher BMI (7.1–10%), with the 
difference not reaching statistical significance. 
However, this association has been significant in 
other studies with a long-term follow-up [20]. 

The interpretation of BMI as a risk factor 
suggesting malnutrition in patients undergoing 
TAVR is complicated by the so-called “obesity 
paradox” resulting in a better survival in several 
cardiovascular interventions including TAVR [21, 
22]. Previous studies have shown that overweight 
and obese patients undergoing TAVR show bet-
ter outcomes than those with a low BMI [23].  
A recent meta-analysis showed better short- and 
long-term survival in obese patients (BMI > 30 
kg/m2) compared to patients of normal weight 
[20]. The finding of GNRI being better than BMI 
and albumin in predicting in-hospital/short-term 
survival in TAVR, even after adjusting for potential 
confounders, could reflect an immediate negative 
effect of malnutrition rather than a favorable effect 
of overweight/obesity.

Several nutritional tools have been used in 
TAVR to assess nutritional status such as grip 
strength, gait speed, bioimpedance analysis, or 
nutritional questionnaires (e.g. Mini Nutritional 
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Assessment [MNA]) [24, 25]. The main limita-
tion of GNRI is that it is mainly based on albumin,  
a biochemical marker that can be affected by other 
co-morbidities, such as hepatic cirrhosis; moreo-
ver, inflammatory disorders are known to result 
in a catabolic state and a reduced liver synthesis 
of albumin. The major strength of GNRI is that it 
is practical, since it only involves one calculation 
including the routinely measured BMI and albu-
min levels on admission, and no extra equipment 
or measuring devices are required. The need for 
a formula to estimate GNRI could certainly be  
a practical drawback. However, an online calculator 
is available at http://touchcalc.com/calculators/gnri.  
Routine recording of pre-interventional GNRI is 
not only easy to perform, but it provides a useful 
nutritional assessment tool to identify those pa-
tients at risk of malnutrition. GNRI is suggested 
to be helpful to classify patients regarding their 
short-term mortality risk. This might help to de-
cide which patients could benefit from a nutritional 
intervention prior to TAVR. 

Malnutrition is frequent in elderly patients 
undergoing TAVR and it should not be overlooked 
when stratifying patients. Therefore, measuring 
baseline GNRI values and assessing the improve-
ment of such index prior to TAVR could be useful 
in protecting this vulnerable group of patients. As 
already proven in other heart diseases (e.g. heart 
failure) [26], GNRI is a modifiable factor, both in 
terms of pre-interventional albumin levels and pre-
interventional BMI (i.e. weight), and a strategy to 
improve nutritional status before an intervention 
such as TAVR should be considered. Further rand-
omized trials are warranted to test this hypothesis, 
and to assess the practicality and time needed to 
improve nutritional status in such patients. 

Previous studies in TAVR have shown that 
some parameters besides the conventional risk 
scores (EuroSCORE II and STS score) offer prog-
nostic information; that is diabetes mellitus, mo-
bility and nutritional status measured with ques-
tionnaires [25]. Other studies have suggested 
adding baseline albumin levels to risk stratification 
factors before TAVR [4, 27]. If the present results 
are confirmed by further studies, GNRI could be 
considered in risk scores, for it has a stronger 
prognostic discriminating ability than the nutri-
tional parameters already included in such scores 
and other specific measurements such as albumin.

Being a single-center investigation with  
a limited sample size are limitations in the present 
study; however, the results are consistent and 
strongly significant. Some other limitations must 

also be acknowledged. Firstly, as in any observa-
tional study, although an adjustment was used for 
the imbalance in major baseline characteristics, 
confounding factors due to unmeasured variables 
cannot be excluded. Secondly, this is the first study 
from a single center; further studies will be needed 
at a multicenter level for these findings to be ex-
trapolated to a wider population. Thirdly, cause of 
death was not always available because some of the 
follow-up data on vital status were obtained from 
a family member who was not aware of the exact 
cause of death. Therefore, data on specific causes of 
death should be interpreted with caution. Fourthly, 
long-term survival was not analyzed in this study; 
however, GNRI showed a strong association with 
survival in the short-term. 

Conclusions

Geriatric nutritional risk index predicts short-
term mortality in patients undergoing TAVR and 
appears to have a higher discriminating ability than 
other commonly used nutritional variables, such as 
serum albumin and BMI. It is a simple and easy 
to calculate parameter, and its routine use could 
be useful in identifying those patients who could 
benefit from nutritional therapy prior to interven-
tion. Further prospective, multicenter studies with 
a longer follow-up, as well as randomized trials 
using an established GNRI threshold, and GNRI 
improvement prior to TAVR are needed to confirm 
this relationship in the long-term.
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Abstract
Although the coronary arteries are uniformly exposed to systemic cardiovascular risk factors, atheroscle-
rosis development has a non-random distribution, which follows the local mechanical stresses including 
flow-related hemodynamic forces. Among these, wall shear stress plays an essential role and it represents 
the major flow-related factor affecting the distribution of atherosclerosis in coronary bifurcations. Fur-
thermore, an emerging body of evidence suggests that hemodynamic factors such as low and oscillating 
wall shear stress may facilitate the development of in-stent restenosis and stent thrombosis after suc-
cessful drug-eluting stent implantation. Drug-eluting stent implantation represents the gold standard 
for bifurcation interventions. In this specific setting of interventions on bifurcated lesions, the impact of 
fluid dynamics is expected to play a major role and constitutes substantial opportunity for future techni-
cal improvement. In the present review, available data is summarized regarding the role of local fluid 
dynamics in the clinical outcome of patients with bifurcated lesions. (Cardiol J 2021; 28, 2: 321–329)
Key words: fluid dynamics, wall shear stress, coronary bifurcation lesions, percutaneous 
coronary intervention, bifurcation stenting, in-stent restenosis and thrombosis

Coronary bifurcation lesions:  
Complex structure 

The epicardial coronary artery tree is an 
extremely complex vascular structure character-
ized by a high number of arterial branching points 

where complex hemodynamic local conditions of 
blood flow facilitates atherogenesis. A bifurcation 
coronary lesion is a lesion occurring at, or adjacent 
to, a significant division of a major epicardial coro-
nary artery [1]. Coronary bifurcation anatomy may 
basically be regarded as a complex vessel/function 
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structure where three different vessel segments, 
namely proximal main vessel (MV), distal MV, and 
side branch (SB), are interpolated through the 
bifurcation core segment where the distinction be-
tween MV and SB is merely virtual (Fig. 1) [1]. The 
area comprised by the ideal interception between 
MV and SB is commonly identified as the polygon of 
confluence (Fig. 1). The carina represents the point 
at which the proximal MV divides into distal MV 
and SB, and has the critical functional role of split-
ting the antegrade flow (“flow divider”) (Fig. 1).  
Three angles (a, b, c) allows describing of the 
spatial orientation between the three bifurcation 
segments (Fig. 1). 

Coronary bifurcations represent the target 
lesion in 15–20% of all percutaneous coronary 
interventions (PCI) and, due to their specific 
anatomic-functional features, remain a daily chal-
lenge in contemporary interventional cardiology 
practice [1]. Drug-eluting stent (DES) implantation 
early has become the gold standard for bifurcation 
PCI [2], but the search for the best implantation 
technique is an evolving field. Bifurcation PCI is 
associated with higher procedural complications 
and clinical adverse event risks [1, 3]. Local bio-
mechanics, and fluid shear stresses in particular, 
appear to be implicated in the development of both 
in-stent restenosis (ISR) and stent thrombosis (ST) 
which usually explains the occurrence of adverse 
clinical events in PCI patients [4].

The purpose of this review is to summarize the 
available data regarding the role of local fluid dy-
namics in clinical outcomes of stented bifurcations.

Fluid dynamics at the level  
of coronary bifurcations

Atherosclerosis has a non-random distribu-
tion that reflects the local effect of flow-related 
biomechanical forces. In particular, atherosclerotic 
plaques usually develop in arterial segments where 
blood flow perturbations occur, including the ostia 
of branches, the inner side of curvatures and major 
bifurcations [5]. 

Among different coronary hemodynamic meas-
ures, shear stress (SS) is defined as the tangential 
stress derived from the friction of adjacent layers 
of blood flowing parallel to each other in the ves-
sel path. The wall shear stress (WSS) is the shear 
stress acting on the luminal surface of the arterial 
wall and has a recognized impact on vessel wall 
biology [5]. Low WSS modulates endothelial gene 
expression through complex mechanoreception 
and mechanotransduction processes [5, 6], which 
includes endothelial cell dysfunction causing an 
increased uptake of lipoproteins, up-regulation 
of leukocyte adhesion molecules, and leukocyte 
endothelial transmigration [7, 8]. Generally, the 
magnitude of WSS varies within a range of 1–7 Pa 
[5, 9]. Low (< 0.4–0.5 Pa or < 4–5 dyne/cm2) and 

Figure 1. An idealized coronary artery bifurcation. The bifurcation anatomy is usually best described by the three seg-
ments model comprised of the proximal main vessel (MV), the distal MV and side branch (SB). The area comprised 
of the ideal interception between MV and SB is commonly identified as the polygon of confluence. 
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oscillatory WSS is considered pro-atherogenic, 
whereas higher WSS, ranging between 1 and 7 Pa, 
is considered athero-protective [6, 9]. High WSS 
(> 7 Pa) has pro-thrombotic potential [5, 9]. 

A bifurcation divides the blood flow and modi-
fies the blood flow velocity profile. As explained 
by Finet et al. [10], a bifurcation causes incoming 
blood flow to deviate from its initial streamline in 
the mother vessel with a skewed velocity profile, 
where higher speeds are on the internal parts 
of the SB in continuity with the carina and low 
and oscillatory WSS in the arterial walls facing 
the carina. Such a disturbed laminar flow creates 
areas with reversed flow (i.e., flow separation, 
recirculation and reattachment to forward flow) 
or circumferential swirling, which promotes 
atherogenesis [11]. 

In summary, as shown in Figure 2A, low and 
oscillatory SS areas are typically located at the 

lateral walls of the MV and SB, while carina is char-
acterized by high SS. Both low and oscillatory WSS 
constitute a pro-atherogenic local factor contribut-
ing to initiation and progression of atherosclerosis 
[12]. Furthermore, it has been noted that the loca-
tion of focal elevated WSS can be often matched 
with the plaque rupture site [13]. Therefore, the 
relationship between WSS and atherosclerosis  
is reciprocal, since plaque formation leads to  
blood flow perturbation, which results in local SS 
alteration. WSS inhomogeneity tends to increase 
with an increase of the bifurcation angle and SB 
diameter. In particular, a wide angle between MV 
and SB intensifies flow perturbations, increases the 
spatial WSS variations in the bifurcation region and 
low WSS in the lateral walls: the higher the angle 
and diameter the lower the WSS. The aforemen-
tioned may promote atherosclerosis development 
[11, 14].

Figure 2. Theoretical local shear stress (SS) distribution in an idealized coronary artery bifurcation before and after 
stent implantation; A. Before stenting (low SS values are present at the level of lateral walls of the main vessel (MV) 
and the proximal side branch (SB), while high SS values are at the level of the carina and at the internal walls of the 
distal MV and SB); B. After stent implantation in the MV without intervention on the SB; C. After MV stenting followed 
by kissing balloon inflation with short balloons selected in order to avoid proximal MV overstretch; D. After the double 
stenting technique.

A B

C D
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Local flow modifications  
after stent implantation

Drug-eluting stent implantation, as with any 
current stenting procedure, affects the regional ar-
terial geometry, and consequently alters local flow 
conditions. These flow changes are represented by 
low WSS, flow recirculation, blood flow separation 
created by stent struts, and prolonged particulate 
residence time. 

The idealized local flow perturbation at the 
stent strut/vessel wall level is depicted in Figure 3.  
These stent-induced disturbances of blood flow 
contribute to complex spatiotemporal alterations 
in WSS, which lead to increased thrombogenicity 
around the stent struts and changes in endothelial 
phenotype that promote inflammatory cell migra-
tion [15]. Simulations of blood flow in the vicinity of 
stent struts in vessel models determine the effect 

of model strut geometries upon the generation of 
prothrombotic conditions that are mediated by flow 
perturbations [16]. Furthermore, changes in local 
WSS distribution are responsible for the vascular 
smooth muscle cells proliferative and migratory 
responses that lead to neointimal hyperplasia and 
restenosis [17].

The major hemodynamic parameters that have 
been assessed at stented coronary bifurcations 
through computational fluid dynamics simulations 
are: time-averaged wall shear stress (TAWSS), 
oscillatory shear index (OSI) and relative resi-
dence time (RRT) (Table 1). TAWSS expresses the 
frictional force per unit area that is exerted by the 
blood flowing to the vascular wall due to viscous 
properties of blood averaged in a cardiac cycle [18]. 
OSI is a dimensionless parameter that accounts for 
the degree of deviation of WSS from the antegrade 
flow direction [18–20], used to identify regions on 

Figure 3. Local shear stress distribution around the stent struts and their possible interactions with circulating plate-
lets. Regions of low shear stress are localized around stent struts and are associated with stagnation flow and bound-
ary layer separation immediately upstream and downstream of the struts. 

Table 1. Key hemodynamic parameters assessed in coronary stenting procedures [5, 6, 9, 17–20].

Relevant values/thresholds  
identified in biological studies

Main biological effects  
in stented regions

Time-averaged wall shear 
stress (TAWSS)

Low TAWSS: < 0.4 Pa Low TAWSS associated with an increased 
risk of neointima hyperplasia and  

inflammation

High TAWSS: > 20–25 Pa High TAWSS associated with fibrin  
deposition and stent struts uncoverage

Oscillatory shear index (OSI) High OSI: > 0.2 High OSI associated with an increased  
risk of neointima hyperplasia,  

inflammation, thrombosis

Relative residence time (RRT) High RRT: > 4.17 Pa–1 High RRT associated with neointima  
hyperplasia and thrombus formation
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the vessel wall subjected to highly oscillating wall 
shear stress directions during the cardiac cycle. 
RRT is an index of flow derived from TAWSS and 
OSI that measures how long the particles stay 
near the wall of the vessel [18]. High values of 
RRT indicate that residence time of particles near 
the wall is prolonged [21] with the possibility of 
inducing ISR [19]. Furthermore, thrombus forma-
tion is enhanced at areas of slow and reversed flow 
characterized by high OSI and high RRT [18]. 

The insertion of a stent in bifurcation affects 
local fluid dynamics. Indeed, stent architecture and 
stent strut profile have a significant impact on fluid 
dynamics and drug transport in the arterial wall. In 
particular, increasing strut thickness and number of 
stent struts resulted in an increase of area exposed 
to low WSS [17]. This has recently been confirmed 
by a biomechanical analysis, whose results corrobo-
rate the findings of the large-scale ISAR STEREO 
clinical trials and highlight the crucial role of strut 
thickness in coronary stent design [22]. Moreover, 
streamlined stent structure profiles (e.g. elliptical 
and tear-drop) exhibit better hemodynamic perfor-
mance compared to the standard square or circular 
profiles since the streamlined ones have smaller 
recirculation zones and a lower percentage of inter-
strut area where the WSS level is decreased [8]. In 
cases of stent malapposition, or incomplete stent 
apposition, stent struts resulted in separation from 
the intimal surface of the arterial wall with evidence 
of blood behind the strut. Malapposed stent struts 
disrupt the laminar flow and can generate regions 
of high shear stress, which are known to facilitate 
the development of stent thrombosis [8].

Flow modifications after  
stenting in bifurcations

The complex local flow microenvironment 
generated during PCI with stent implantation at the 
level of coronary bifurcations may also influence 
ISR, ST and clinical outcomes [23]. In bifurcation 
stenting, there is an increased rate of restenosis 
and a higher risk of late stent thrombosis. In DES 
most of the thrombi originate at the flow divider 
sites where uncovered struts are more frequently 
observed [12], while ISR has been shown to be 
associated with low WSS [8, 17].

Pathologic studies have shown that eccentric 
neointimal hyperplasia occurs predominantly at 
the lateral wall of the stented MV of a coronary 
bifurcation, with concomitant adhesion and ac-
cumulation of leukocytes, whereas the carina is 
almost completely free of leukocytes [24].

Yazdani et al. [7], using in vitro experimental 
bifurcation models, demonstrated that deployment 
of stents can alter boundary layer separation of the 
lateral walls and can produce flow disturbances 
(vortical structures) at the carina. Regions of 
boundary layer separation were associated with 
low WSS, poor mass transfer of blood flow and an 
increase in residence time of circulating blood ele-
ments. Furthermore, the development of vortical 
structures can prolong and alter areas with low 
WSS and can influence drug deposition, arterial 
healing post-stenting, and local fibrin and platelet 
deposition.

In cases of DES, recirculation zones with re-
duced flow and low WSS prolongs residence time 
and increases local concentration of the eluted 
compound. In such regions with decelerated flow, 
the locally augmented anti-proliferative drug ef-
fect might thereby antagonize the pro-restenotic 
effect of low WSS per se [8]. Consequently, this 
inflammatory response at the lateral walls suggests 
that there is a specific link among local low WSS, 
inflammation and focal ISR.

Moreover, stent complications such as malap-
position, under-expansion, edge dissections and 
intra-stent tissue prolapse are often detected in 
patients successfully treated by bifurcation stent-
ing [25]. Such “imperfections” may theoretically 
contribute to less optimal stenting outcomes in 
bifurcation interventions. For example, implanta-
tion of two overlapping stents substantially reduces 
WSS downstream of the junction as compared with 
a single longer stent, likely indicating a region 
prone to re-narrowing at the overlap zone [8]. 

Impact of stenting techniques  
on bifurcation fluid dynamics

Percutaneous coronary intervention proce-
dures for coronary bifurcations can utilize different 
technique for stenting [26]. The simplest stent 
technique is the provisional SB stenting technique, 
which uses one stent in the MV, eventually followed 
by further interventions (like ballooning and/or 
stenting) in the SB. Conversely, double stenting 
techniques comprise many different techniques 
involving the use of stents in both the MV and 
the SB [26].

Despite numerous clinical and computational 
studies, the effect of each stent implantation 
method on the coronary artery hemodynamic is 
not well understood. To date, studies on bifurcation 
stinting fluid dynamics have been conducted by in 
vitro bench testing and computational simulations. 
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Computational fluid dynamics (CFD) is a power-
ful emerging tool since it offers the possibility to 
investigate local hemodynamics of non-stented 
and stented coronary artery bifurcations at a level 
of detail not easily accessed with experimental 
techniques [27, 28]. Computer simulations can 
assess the local hemodynamic microenvironment 
in bifurcations, pre- and post-stenting, providing an 
insight into the role of local hemodynamic stresses 
on neointimal hyperplasia and stent thrombosis [4]. 

Fluid dynamics in provisional technique
In coronary bifurcations, MV stenting restores 

main lumen and creates side-cell strut jailing at the 
level of SB ostium. This implies a peculiar pattern 
of flow in the coronary bifurcation characterized by 
a pronounced velocity jet in the SB with vortices 
extending from jailed struts into the SB and causing 
eccentric areas of low velocity on the main lateral 
wall away from the carina and in the SB distal to 
the carina (Fig. 2B).

Side branch ballooning is able to reduce (if pre-
sent), ostial SB residual stenosis and remove stent 
struts from the SB ostium. According to computer 
simulations, this creates a more concentric region 
of low velocity in the MV distal to the carina and an 
area of low velocity in the SB lateral wall [29]. How-
ever, the total area of the luminal surface exposed 
to low TAWSS is essentially the same before and 
after SB balloon angioplasty [29]. In other words, 
although post-stenting SB angioplasty provides 
an excellent result in terms of SB patency (from  
a fluid dynamics perspective), there are only mod-
est differences especially in the MV, indicating that 
a potential for MV ISR or ST may be unchanged.

Interestingly, the course of time may play an 
important role in flow alterations after bifurcation 
stenting. Zhang et al. [30] observed that both the 
reduction of WSS in the lateral wall of MV and an 
increase of WSS in SB would predict no restenosis  
8 months after stenting of true bifurcation lesions 
by the provisional SB technique with SB ballooning. 
Over time, flow tends to return to its original pattern 
before PCI with high WSS in the internal wall and 
low WSS in the lateral wall. Yet, proliferation inhibi-
tion related to DES implantation may be sufficient to 
prevent the development of significant restenosis.

Another important issue is related to the tech-
nique for SB ballooning. Typically, kissing balloon 
inflation is commonly selected since it prevents 
major MV stent distortion [31]. Yet, it is now known 
that kissing balloon inflation has different conse-
quences according to the stent’s side-cells that 
are crossed with the wire and the balloon [32, 33].

In summary, the pattern of stent strut removal 
(and consequently the turbulence generated by 
the presence of residual jailing struts) may differ 
during kissing balloon inflation practice making 
its influence on SB flow somewhat unpredictable. 
Another important issue related with kissing bal-
looning is represented by its potential to induce MV 
overstretch. A CFD study documented that after 
kissing balloon inflation, a wider region character-
ized by low WSS in the proximal part of the MV was 
induced [34]. As a consequence of such proximal 
MV overstretch, the percentage of lumen area of 
the stented region exposed to WSS lower than  
0.5 Pa was 79.0% after kissing as compared to 
62.3% before the kissing balloon [34]. 

In conclusion, kissing balloon inflation (when 
performed after distal SB rewiring) may restore 
a better SB flow (with reduced accelerations and 
recirculation related with SB ostial stenosis and 
jailing stent struts) but has marginal or even ad-
verse impact on MV shear stress (Fig. 2C).

Fluid dynamics in two-stent techniques
Double stenting specific techniques have 

been developed with the aim of improving the 
angiographic result in both the MV and the SB. 
However, the double stenting technique failed 
to show improved outcomes in clinical trials and 
hence these techniques are not recommended for 
unselected bifurcated coronary lesions [35]. The 
search for technical refinements in double stent-
ing is ongoing and technical innovations may offer 
promising results [36]. All double stenting tech-
niques have the potential for stent malapposition 
areas, which may influence local fluid dynamics. 
In a bench test study comparing different double 
stenting techniques, the crush technique resulted 
in a higher risk of malapposition than either the 
culotte or T-/TAP technique [37]. 

Due to different areas of double layers of 
struts and malapposed stent struts, each double 
stenting technique has a distinct impact on the 
flow patterns. Nevertheless, all double-stenting 
techniques failed to improve the fluid dynamics 
result over provisional. According to Raben et 
al. [38], double-stented cases (culotte, crush and  
T-stenting technique with high protrusion) showed 
a detrimental influence of multiple metallic layers 
on WSS. In particular, low flow regions protruding 
toward the centerline of the MV and following the 
distal surface of the SB stent were observed. In 
the double-stented models, the simultaneous pres-
ence of two devices led to the creation of a metallic 
carina between the SB and the distal part of the 
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MV, in addition to the presence of a larger number 
of stent struts at the flow divider. The disturbance 
created by this geometry led to low velocity and 
WSS as well as high shear stress in and around 
the region of the flow divider and in the proximal 
MV (Fig. 2D). Unapposed struts in the neocarina 
cause severe flow disturbances with a high shear 
rate that may increase the risk of platelet adhesion 
and stent thrombosis [37].

In a study by Brindise et al. [39], three dif-
ferent stenting techniques were compared in four 
compliant coronary artery models with a 60° bifur-
cation: provisional, crush and culotte technique. 
Overall, the culotte technique resulted in minimal 
stent induced flow disturbances as compared with 
the crush technique. Moreover, the culotte tech-
nique mitigated detrimental effects induced by  
a high bifurcation angle. 

These observations, however, have not been 
confirmed by any further studies. In the study by 
Katritsis et al. [18], the crush technique with the 
use of a thin-strut stent resulted in improved hemo-
dynamics compared with culotte or T-stenting, 
which had the most favourable fluid dynamics. 
Furthermore, the “nano-crush” and modified  
T techniques seem to restore the most physiologic 
fluid dynamic patterns (with the lowest values of 
WSS) with the addition of a final proximal optimiza-
tion technique appears to be a favourable step [40]. 

Finally, it has been noted that SB stent length, 
in a setting of double stenting techniques, may 
have impact on local fluid dynamics during double 
stenting techniques. A longer SB stent adversely 
affects the hemodynamics of the SB by inducing 
lower WSS and higher OSI in the SB [41]. 

In summary, the double stenting technique is 
expected to induce blood flow perturbations which 
are not completely predictable and probably depend 
from the type and length of selected stents, specific 
sequence for their implantation and final result 
achieved. These issues, which are well recognized 
in experimental setting, are expected to be even 
more pronounced in clinical practice. This is because 
stent/vessel interactions, during each technical step 
of the complex sequences needed for double stent-
ing, are not entirely predictable in clinical settings.

Conclusions and future perspectives

Coronary bifurcations represent common 
target lesions in contemporary PCI practice. DES 
improved clinical results of PCI on bifurcated le-
sions but they still represent a technical challenge 
graved by higher clinical risks. As a consequence, 

interventional management of bifurcation lesions is 
an evolving field [4]. Fluid-dynamic perturbations 
are known to be increased at the level of stents 
implanted at bifurcated lesions and have, theoreti-
cally, potential impact on stent healing.

Currently, the possibility to create highly ac-
curate three-dimensional geometrical models of 
coronary bifurcations that include a precise fidelity 
of stent geometry has become a reality [28]. The 
application of CFD simulation algorithms to such 
reconstructions allows the collecting of detailed 
flow-related hemodynamic force evaluation and 
local microenvironment assessment following 
bifurcation stenting. Post-PCI fluid dynamics is 
dependent on a series of factors including stent 
selection, stent implantation technique, and bifur-
cation geometry. CFD from patient-specific models 
may represent a powerful tool in calculating local 
fluid dynamics quantity, such as WSS, to guide 
and optimize PCI strategies in order to predict 
adverse events and improve clinical outcomes. 
Therefore, effort should be made to optimize stent 
deployment and stent/scaffold design to ensure 
an optimal hemodynamic profile and reduce the 
risk of complications after PCI. Integration of this 
data and analysis may help improve the identifica-
tion of both “tailored” PCI strategies and device 
improvements. In particular, CFD simulations 
can theoretically be used as a tool to guide both 
bifurcation stenting strategy and selection of the 
stenting technique with optimal post-PCI flow con-
ditions in this challenging setting. In conclusion, 
patient-level CFD modeling has the potential to 
recover a critical role for the future improvement of 
bifurcation PCI and the integration of this tool with 
others to assess hemodynamic parameters which 
could guide future coronary bifurcation treatment.
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Abstract
Epilepsy affects about 50 million people worldwide. Sudden unexpected death in epilepsy (SUDEP) is 
the main cause of death in epilepsy accounting for up to 17% of all deaths in epileptic patients, and 
therefore remains a major public health problem. SUDEP likely arises from a combination and inter-
action of multiple risk factors (such as being male, drug resistance, frequent generalized tonic-clonic 
seizures) making risk prediction and mitigation challenging. While there is a general understanding of 
the physiopathology of SUDEP, mechanistic hypotheses linking risk factors with a risk of SUDEP are 
still lacking. Identifying cross-talk between biological systems implicated in SUDEP may facilitate the 
development of improved models for SUDEP risk assessment, treatment and clinical management. In 
this review, the  aim was to explore an overlap between the pathophysiology of hypertension, cardiovascu-
lar disease and epilepsy, and discuss its implication for SUDEP. Presented herein, evidence in literature 
in support of a cross-talk between the renin–angiotensin system (RAS) and sympathetic nervous system, 
both known to be involved in the development of hypertension and cardiovascular disease, and as one 
of the underlying mechanisms of SUDEP. This article also provides a brief description of local RAS in 
brain neuroinflammation and the role of centrally acting RAS inhibitors in epileptic seizure alleviation. 
(Cardiol J 2021; 28, 2: 330–335)
Key words: hypertension, epilepsy, SUDEP, cardiovascular diseases, renin–angiotensin 
system, neuroinflammation

Introduction

Epilepsy with its comorbidities such as de-
pression and anxiety significantly affect quality 
of life. Importantly, mortality rates in epileptics 
are greatly higher than that of the general popula-
tion [1], and sudden unexpected death in epilepsy 
(SUDEP), known as a seizure related event, is the 
main cause of death in those patients. The etiol-
ogy of SUDEP remains unclear. Effective seizure 
control was shown to be a preventive strategy for 
premature death in epilepsy [2], however, approxi-
mately 30% of patients do not respond to treatment 
with common anticonvulsants [3].

Epileptic seizures result from uncontrollable 
neuronal excitation in the brain; therefore, epilepsy 
is considered to be a neuronal disease. However, 
recent investigations indicate that the model of 
epileptogenesis could be more complex. The 
evidence that seizure increases levels of inflam-
matory mediators in brain suggests that cytokines 
and prostaglandins could be therapeutic targets for 
new antiepileptic drugs [4]. Experimental studies 
on animal models of epilepsy showed that local 
renin–angiotensin system (RAS) in the brain is 
involved in neuroinflammation and administration 
of common antihypertensive drugs, such as angio-
tensin II receptor blocker (ARB) that crosses the 
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brain barrier, reduces blood pressure and attenu-
ated neuronal injury [3, 5]. 

In the current literature a few review papers 
targeting the possible pathophysiology mechanism 
of SUDEP, but no one has confronted hypertension 
with epilepsy. Some interesting original articles 
present studies conducted on animal models with 
hypertension and epilepsy, suggesting the overlap 
between hypertension and epilepsy pathophysiology.

The aim of this review is to present patho-
physiological and clinical aspects of hypertension, 
cardiovascular diseases (CVD) and epilepsy and 
to explore the possibility that these disorders are 
related to each other.

This review advances the hypothesis that 
components of RAS in association with sympathetic 
activity may play a crucial role in the patomecha-
nism of SUDEP. Evidence in the literature is pre-
sented that shows RAS inhibitors may be used to 
potentially  alleviate epileptic seizures and build 
a hypothesis that targeting RAS may also reduce 
the risk of SUDEP.

Epilepsy and SUDEP

Epilepsy is a neurological disease character-
ized by recurrent seizures resulting from abnormal 
excessive or synchronous activity in brain [6]. An 
imbalance between excitation and inhibition in the 
brain, the basis of this phenomenon, results from 
alterations at many levels of brain functioning, 
neuronal circuits, and genetic predisposition [7].  
Epilepsy diagnosis requires the presence of at 
least one unprovoked seizure in a patient who has 
other factors associated with high recurrence risk 
of latter seizures [1, 6]. Depending on the char-
acter of the onset, seizures are classified as focal 
or generalized, with motor or nonmotor onset [8].  
Status epilepticus (SE) is defined as 5 min of on-
going seizure activity to diagnose convulsive SE 
(bilateral tonic-clonic SE) and 10 min for focal or 
absence SE [9].

Every hundredth person suffers from epilepsy 
and in about one-third of those patients, refractory 
epilepsy is recognized [7]. Importantly, the risk of 
premature death in patients with epilepsy is about 
2–3 times higher than the general population [1].

Sudden unexpected death in eplilepsy ac-
counts for up to 17% of deaths in patients with 
epilepsy [10]. SUDEP is defined as a sudden, unex-
pected, witnessed or unwitnessed, non-traumatic 
and non-drowning death in patients with epilepsy, 
with or without evidence of a seizure excluding 
documented status epilepticus, in which postmor-

tem examination does not reveal a toxicological or 
anatomical cause of death [11]. SUDEP incidence 
is estimated to be from 0.3 to 6 persons per 1000 
adult person-years [2]; however, SUDEP may be 
under-diagnosed due to the fact that the 10th revi-
sion of International Classification of Disease does 
not include term SUDEP as a cause of death [1, 10].

There are still limited tools to stratify individ-
ual risk for SUDEP [12]. A number of risk factors 
have been reported to be associated with SUDEP, 
including general tonic-clonic seizures and poor 
seizure control, young onset and long duration of 
epilepsy, and young age [11]. It is estimated that 
young adults (aged 20–45 years) have 27.5 higher 
risk of SUDEP than the general population [13]. 
The reasons for the increased incidence of SUDEP 
in early adulthood are unknown, therefore a better 
understanding of underlying pathophysiology is 
crucial for treatment and SUDEP prevention [10].

Pathomechanism of SUDEP:  
Sympathetic system and heart

Sudden unexpected death in epilepsy is pro-
posed to result from the accumulation of distur-
bances in numerous biological systems such as 
the cardiac, respiratory, and nervous systems 
[11]. MORTEMUS study suggested that impaired 
respiratory function may play a crucial role in this 
condition based on the fact that terminal apnea 
always preluded terminal asystole in epileptic pa-
tients who died unexpectedly [14]. In addition, the 
brainstem arousal system dysfunction and dysregu-
lation in the neurotransmitter and neuromodulator 
system are mechanisms that presumably take part 
in the pathogenesis of SUDEP [12]. 

Seizure affects cardiac function which may 
lead to Takotsubo syndrome, cardiomyocyte injury, 
arterial hypertension and probably even premature 
death in epileptic patients [15]. Clinical data sug-
gest that there is a resemblance between SUDEP 
and sudden cardiac deaths such as both unex-
pected events are characterized by abrupt loss of 
consciousness [16]. Sudden cardiac deaths occur 
mostly in the morning when the patient is awake, 
while SUDEP mostly when patient is asleep in  
a prone position [12]. Ruthirago at al. [10] suggested  
that some cases of SUDEP could be misinterpreted 
as sudden cardiac deaths, cardiorespiratory failure 
or sudden infant death syndrome, especially in 
patients without prior diagnosis of epilepsy.

Seizures affect central autonomic system and 
as a result may alter pulmonary and cardiovas-
cular functions which are linked with the risk of 
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SUDEP [17]. Refractory epilepsy is accompanied 
by increased sympathetic tone and reactivity and 
decreased parasympathetic tone and reactivity 
[15]. More than 90% cases of seizure are associated 
with increased heart rate, suggesting that cardiac 
dysfunction is strongly related to chronic, refractory 
epilepsy [18]. According to Powell et al. [19], chronic 
epilepsy contributes to channelopathy, that can 
result in fatal arrhythmias. Electrocardiographic ab-
normalities, including repolarization alteration, are 
found in individuals with a long history of epilepsy. 
ST segment depression was described to occur dur-
ing and just after the seizure. QT lengthening was 
also observed in an association with electroencepha-
lographic discharges, especially in those patients 
who have later died from SUDEP [20].

Importantly, anticonvulsants may also trigger 
SUDEP by facilitating the occurrence of severe car-
diac arrhythmias via altering cardiac conduction and 
the length of QT interval. Interestingly, an abrupt 
antiepileptic drugs withdrawal results in increased 
sympathetic tone and therefore could create condi-
tions for sudden, unexpected death [3, 11, 21].

Prevalence of hypertension with  
the focus on young population

Hypertension affects 30–45% adults world-
wide [22]. The incidence of arterial hypertension 
is projected to increase by 15–20% by 2025 as  
a consequence of an aging population and the obe-
sity epidemic [22]. 

The prevalence of hypertension in a group of 
adults aged 18–39 is 7.3%, the majority are men. 
This group of patients is less likely to have controlled 
hypertension than those aged 60 and over [23]. 
Clinical data demonstrated that young adults with 
documented elevated blood pressure have slower 
rates of antihypertensive medication initiation than 
older patients. Importantly, uncontrolled hyperten-
sion, both in young and older populations, increases 
the risk of future cardiovascular events [24].

Hypertension mediated organ damage: 
The role of RAS and sympathetic system

Untreated or poorly controlled hypertension is 
associated with structural and/or functional chang-
es in heart, blood vessels, brain, eyes and kidneys, 
which are markers of asymptomatic CVD [22]. 
The role of systemic RAS is classically recognized 
in the regulation of cardiovascular homeostasis. 
RAS plays a critical role in the pathophysiology of 
hypertension, and therefore in the development 

of hypertension-related target organ damage [25].  
A growing body of evidence shows that circulating 
RAS does not act independently, but in cooperation 
with local RAS in different tissues and organs [26]. 
The extent of local RAS contribution to cardiovas-
cular complications remains unknown [26].

The activated RAS is associated with the 
altered expression and distribution of its compo-
nents, with the main focus on angiotensin II (Ang II)  
and its receptor angiotensin II type 1 receptor 
(AT1), the strongest element of RAS [26]. Over-
activity of AT1 receptor has been demonstrated to 
be associated with vascular remodeling, endothelial 
dysfunction and accelerated arterial stiffening [27]. 
Conversely, angiotensin-converting enzyme inhibi-
tors (ACEI) and AT1 receptor blockers have been 
shown to prevent tissue damage. Conceivably, the 
beneficial effect of ACEI and AT1 receptors may be 
attributed to both systemic and local RAS blockage/ 
/inhibition [25]. 

An overactive sympathetic nervous system 
(SNS) is characteristic for CVD including hyperten-
sion and hypertension-related organ damage, such 
as left ventricular hypertrophy, renal dysfunction or 
arteriolar remodeling [28]. Many studies suggest 
that the RAS might be a link between sympathetic 
nervous system activity and hypertension [29].

It has been shown that SNS affects the release 
of renin from the kidneys. Ang II, a crucial effector 
of RAS which acts by binding to AT1 receptors on 
sympathetic nerve endings, induces SNS activity 
by enhancing norepinephrine release [26]. Taken 
altogether, it suggests that inhibition of RAS con-
tributes to decreased SNS activity and alleviated 
organ complications.

Hypertension and epilepsy

According to the study presented by Wil-
ner et al. [30], on a group of patients older than  
19 years with epilepsy, hypertension was the most 
common comorbid condition. This observation 
suggests that hypertension may play an important 
role in epilepsy.

The association between hypertension and 
epilepsy seems to be bidirectional. The cerebral 
damage resulting from high blood pressure could 
lower seizure threshold and therefore cause epi-
lepsy [31]. Thus, chronic hypertension contributes 
to late onset of seizure [32]. On the other hand, sei-
zure onset is connected with increased sympathetic 
tone. That could lead by itself to increased blood 
pressure. Hypertension as a frequent, sometimes 
severe comorbid condition, and may be complicated 
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by posterior reversible encephalopathy syndrome 
in some cases [20]. 

Brain RAS and neuroinflammation

The brain RAS is involved in body water bal-
ance, maintenance of blood pressure, cyclicity of 
reproductive hormones and sexual behaviors, and 
regulation of releasing pituitary gland hormones 
[33]. A growing body of evidence suggests the role 
of neuroinflammation in the pathology of epilepsy, 
as it has been shown, is the association with the oc-
currence of seizure and generation of pathological 
lesions after seizure [34]. According to Sun et al. [5],  
the expression of Ang II peptide substantially in-
creased in activated microglia after seizure. Ang II  
and its AT1 receptor amplify neuroinflammatory 
reaction, that in turn contribute to neurodegenera-
tion. Subsequently, the inhibition of AT1 receptor 
may result in reduced inflammatory response and 
decreased levels of oxidative stress. In epilepsy 
RAS inhibitors may act as anti-inflammatory and 
neuroprotective agents. Experimental studies 
have also shown that blockade of AT1 receptor 
reduced the infarct volume after ischemia in rats. 
The neuroinflammation in the hippocampus is 
strongly associated with activated microglia and 
cognitive impairment in epileptic patients [5, 35, 
36]. Interestingly, it has been reported that ACEI 
can attenuate neuroinflammation and prevent 
neuronal loss in the hippocampus during epilepsy 
[37]. Contrary to Ang II, the axis Ang 1-7/Mas 
receptor is involved in attenuation of the inflam-
matory process.  Anti-inflammatory action can also 
exist in the brain and may play an important role 
in epilepsy [38]. 

RAS inhibitors alleviate epileptic seizure

Hippocampus is recruited in the most common 
type of epilepsy — temporal lobe epilepsy [34]. 
Rat epilepsy models showed that seizures were 
associated with increased expression of ACE and 
AT1 receptor in the temporal lobe epilepsy. In turn, 
treatment with ACEI substantially reduced limbic 
and tonic-clonic seizure severity without affecting 
blood pressure [3, 31, 39]. ARB treatment was 
associated with not only seizure suppression, but 
also systolic blood pressure reduction [3]. 

Other studies have revealed that pilocarpine-
-induced acute and silent phase of experimental 
status epilepticus was associated with a high con-
centration of Ang 1-7 peptides. This observation 
was attributed to the response to injury and the 

anti-inflammatory effects of Ang 1-7. The chronic 
period (which started with the first spontaneous 
seizure, after the acute and silent phase) was 
associated with higher levels of Ang II peptides 
contrary to the acute and silent phase, which was 
accompanied with its lower concentrations. The 
expression of tonin mRNA, element of local RAS, 
an alternative pathway to Ang II generation from 
angiotensinogen, were significantly increased [40]. 

Angiotensin II receptor blockers have been 
shown to affect transforming growth factor (TGF)-
beta signaling pathway. This cytokine is associated 
with vascular injury in the brain e.g. after stroke 
and trauma, and thus may play a crucial role in 
epileptogenesis. Losartan effectively blocked TGF-
-beta activation in the brain and in this way acted as 
antiepileptic drug in the animal model of acquired 
epilepsy [39]. The potential neuroprotective ef-
fects of RAS targeted drugs were demonstrated 
by a study showing that administration of losartan 
(ARB) led to essential delays in the occurrence of 
seizure, shorten seizure duration and frequency 
in the animal model of epilepsy [31]. There is  
a need for further investigation on this underlying 
mechanism. 

Conclusions

A better understanding of SUDEP is needed 
to develop effective prevention strategies. In 
this review, compelling evidence is presented 
describing the link between hypertension, brain 
RAS, sympathetic system and epilepsy. Based on 
evidence from literature it is hypothesized that tar-
geting RAS may be an effective strategy to reduce 
epileptic seizure in humans and potentially reduce 
the risk of SUDEP. 
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Remote monitoring of cardiac implantable 
electronic devices (CIEDs) affords an alternative 
to the one-on-one interaction required in tradi-
tional outpatient visits, and provides access to 
complete information on device performance [1].  
The principal purposes of remote monitoring 
are: to reduce face-to-face hospital visits; ensure 
continuous follow-up and early detection of device 
malfunctions and subsequent clinical problems; 
and provide superior information processing [2]. 

On 31 December 2019, China reported  
a cluster of pneumonia cases with unknown etio
logy to the World Health Organization (WHO), 
the causative pathogen later being identified as  
a novel coronavirus (SARS-CoV-2) [3]. On 11 March  
2020, WHO declared the pandemic phase of the 
outbreak [4].

On 20 February 2020, a male admitted to hos-
pital in Codogno (Lombardy, Italy) was confirmed 
as the first Italian citizen with COVID-19 [5–7]. 
The following day, a second outbreak was detected, 
in the Veneto region (Padua). The Government 
quarantined these two “red” areas by closing 
schools and commercial activities, and cancelling 
events. Our public hospital is located west of Vò 
Euganeo and east of Codogno; i.e., between the 
two outbreaks. 

COVID-19 patients at highest risk for more 
severe complications and death include people aged 
> 60 years and people with comorbidities. Mortal-
ity increases with age, with the highest rate among 
individuals over 80 years of age. Furthermore, 
mortality is higher among males compared with 
females. Patients with CIEDs followed by our clini-

cal center are of advanced age (mean age 78.5 ±  
± 10.6 years), with more than half (53.8%) 80 years 
of age or older (Table 1); most have cardiovascular 
disease; and there was a higher prevalence of men 
(62.7%; n = 570). Because the duration of this 
medical emergency was unknown and the above 
mentioned clinic population was largely at higher 
risk of serious consequences from COVID-19 
(Table 1), the aim was to check cardiac devices 
of patients using a home-monitoring system as 
much as was feasible, thereby reducing outpatient 
visits and decreasing infection risk for these fragile 
patients. While the Government was gradually 
extending restrictions outside of the two red ar-
eas, our unit quickly established a new procedure 
optimizing the management of CIED follow-ups. 

Overall, the remote monitoring system cov-
ered 909 CIEDs including 678 pacemakers (PMs), 
198 implantable cardioverter-defibrillators (ICDs) 
and 33 loop recorders. The following measures 
were introduced: first, patients previously refus-
ing device remote monitoring were contacted and 
strongly encouraged to accept this system. Should 
they accept, the telemonitoring system was dis-
patched and activated through a phone-mediated 
technical support system. Second, all devices 
without auto-thresholds (i.e., patients without PM-
-dependency) were exclusively checked through 
remote monitoring. Third, the new procedure 
required a mandatory attempt to solve all device 
alarms via phone communication. 

From 3 February to the day preceding the 
Italian outbreak, 40 patients had CIED monitor-
ing transmissions checked remotely (26 PMs and  
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14 ICDs), whereas 44 underwent checks face-to-
-face (Table 2). Among these face-to-face checks, 
17 were for clinical evaluation of the device pocket/ 
/wound after PM/ICD implantation/replacement, 
9 were electronic checks for devices unsuited 
to home monitoring, 4 were checks of remaining 
battery life, 4 were in patients who had previ-
ously refused home monitoring, 6 in patients with 
suspected device malfunctioning, and 4 for ICDs 
without an auto-threshold. In the same period,  
4 alerts were received: 2 in patients with new-onset  
atrial fibrillation (AF) and 2 in patients with abnor-
mal sensing of the ventricular lead. These patients 
were all managed through in-hospital consultations.

In an equivalent time frame following the 
COVID-19 outbreak, from 21 February (when the 
new procedure was activated) and up to 9 March, 
the total CIED transmissions checked remotely 
was 58 (40 PMs and 18 ICDs) and the number of 
face-to-face outpatient visits was 25, including 15 
clinical evaluations of the wound/pocket after de-

vice implantation/replacement and 10 checks of old 
PMs without a remote monitoring option (Table 2).  
In-office checks were avoided in 9 patients  
(5 received the remote monitoring device at home,  
4 had ICDs without an auto-threshold). During this 
period, 8 non-urgent alerts were received: 2 sinus 
pauses detected by loop recorders (these were 
already known about; no intervention needed),  
1 inappropriate shock (the patient was instructed by  
phone to increase their beta-blocker dose), 2 cases 
of a low percentage of biventricular stimulation in 
cardiac resynchronization devices (no interven-
tion required; these patients were already waiting 
for atrioventricular node ablation), 1 case of low 
sensing of the ventricular lead (we knew of this; 
the patient was in follow-up), and 2 new cases of 
AF. Among the 2 latter patients, one needed urgent 
evaluation for initiation of oral anticoagulation 
and the other, who had a dual-chamber PM and 
a history of recurrent episodes of AF, required 
pharmacotherapy modification; their prescription 

Table 1. Cardiovascular risk factors and comorbidities in the patients overall and comparison between 
the two samples evaluated between February 3rd and March 9th.

Overall patients with 
cardiac electronic  
devices (n = 909)

People evaluated from 
February 3rd to  

February 20th (n = 88)

People evaluated from 
February 21st to  

March 9th (n = 91)

P

Age [years] 78.5 ± 10.6 80.3 ± 13.2 79.4 ± 12.8 0.6

Age ≥ 80 year-old 489 (54%) 45 40 0.4

Males 570 (63%) 55 59 0.7

Hypertension 511 (56%) 48 54 0.5

Diabetes mellitus 68 (7%) 4 4 0.6

Dyslipidemia 288 (32%) 25 28 0.7

Coronary artery disease 212 (23%) 22 21 0.9

Dilatative cardiomyopathy 85 (9%) 10 12 0.8

Valvular disease 34 (4%) 3 1 0.4

Atrial fibrillation 373 (41%) 25 30 0.5

Chronic heart failure 139 (15%) 15 21 0.4

Chronic kidney disease* 177 (19%) 17 16 0.8

COPD 55 (6%) 3 5 0.7

*Glomerular filtration rate < 50 mL/min/m2; COPD — chronic obstructive pulmonary disease

Table 2. Patients with cardiac implantable electronic devices managed via face-to-face outpatient visits 
or remote monitoring during two equivalent time frames: before and after 20 February 2020 (Day 0 of 
the Italian COVID-19 outbreak).

Before Day 0 (n = 84) After Day 0 (n = 83) Difference, N (% change)

Outpatient visits 44 (52.4%) 25 (30.1%) –19 (–43.2%)

Remote monitoring 40 (47.6%) 58 (69.9%) +18 (+45.0%)
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was electronically sent to the pharmacy, avoiding 
travel to the hospital. Actually 5 out of 8 non-urgent 
alerts were “already-known” problems, therefore 
they were more easily managed through phone 
calls, thus avoiding in-office checks.

In summary, the application of the new pro-
cedure following the Italian COVID-19 outbreak 
resulted in a robust 43.2% decrease in the need for 
outpatient checks conducted face-to-face. Notably, 
all the alerts except one were managed through 
phone communication. At the same time, remote 
monitoring increased markedly, by 45%. 

Although comprising a small sample of patients 
and of short duration, this study demonstrates that 
a simple modified approach might be helpful for 
reducing in-office checks in patients with CIEDs, 
preserving the safety and efficiency of the whole 
monitoring system. This appears important in the 
current COVID-19 pandemic emergency, where 
reducing the number of new cases per unit of 
time is essential. Minimizing travel and hospital/ 
/outpatient clinic admissions for patients may mark- 
edly reduce the spread of COVID-19, especially 
if adopted by all hospitals for a prolonged dura-
tion, particularly those with high patient volumes. 
Furthermore, remote monitoring could be highly 
valuable for patient management and follow-up, 
in general. It reduces the number of face-to-face 
visits required — saving patients’ time and expense 
— and, thanks to continuous follow-up and early 
detection of device malfunctions, improves safety 
and quality of life.
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Cardiovascular comorbidity and death from  
COVID-19: Prevalence and differential characteristics

Julia Playán-Escribano, Zaira Gómez-Álvarez, Teresa Romero-Delgado,  
Carlos Nicolás Pérez-García, Daniel Enríquez-Vázquez, Isidre Vilacosta

Instituto Cardiovascular, Hospital Clínico San Carlos, Madrid, Spain

Coronavirus disease (COVID-19), caused by 
SARS-CoV-2, originated as a global pandemic and 
has had a major impact on Europe. Spain, with 
more than 1,600,000 confirmed cases and a fatal-
ity rate of approximately 2.75%, is one of the most 
affected countries to date [1]. A high prevalence of 
cardiovascular (CV) comorbidity, consisting mostly 
of coronary artery disease (CAD) and arrhythmias, 
has been reported among the deceased [2, 3].

Additionally, a wide variety of CV manifesta-
tions has been described in COVID-19 patients, 
either as a result of the invasion of endothelial cells 
and myocardiocytes (carriers of the ACE recep-
tor on their membrane) by the SARS-CoV-2, as  
a consequence of the cytokine storm [2] or due to 
impaired microcirculatory function [4].

The purpose herein, is to describe the preva-
lence of CV comorbidity in the patients who died 
on the hospital wards of a Spanish tertiary hospital 
and to examine the differences in baseline charac-
teristics, laboratory findings, days until death and 
treatment received compared to those who died 
without these comorbidities.

All patients infected with SARS-CoV-2 who 
died in the hospital wards between March 9 and 
April 16, 2020, were consecutively included. Those 
who died in the intensive care unit were ex-
cluded on the grounds that their evolution and 
potential causes of morbidity and death might 
be different. Clinical and analytical variables 
were collected. Myocardial injury, measured as 
maximum elevation of troponin I, was analyzed.  
A patient who suffered an acute coronary syndrome 
with ST-segment elevation due to late thrombosis 
from a previously implanted stent was excluded 

from the analysis for this variable. The CURB-65 
scale was used to stratify the risk at admission [5].

A total of 324 deceased patients were included, 
with an age of 81 ± 10 years, 44% of them were 
women, and a high prevalence of hypertension 
(78%), dyslipidemia (58%) and diabetes (34%). 
Sixty-two (19%) had a history of atrial fibrillation 
(AF) and 40 (12%) of previous CAD. 

Patients with AF vs. patients without AF were 
older (85 ± 6 vs. 81 ± 10 years, p = 0.0006). They 
presented with a higher prevalence of hyperten-
sion (90% vs. 75%, p = 0.012) and chronic kidney 
disease (53% vs. 37%, p = 0.022) (Table 1).

Patients with CAD vs. patients without CAD, 
in turn, exhibited a higher prevalence of hyperten-
sion (95% vs. 76%, p = 0.006), dyslipidemia (83% 
vs. 54%, p = 0.001) and ventricular systolic dys-
function (55% vs. 23%, p < 0.001). No differences 
were found in the presence of other comorbidities.

Most patients (88%) had a CURB-65 score  
of 2 or higher on admission, with no differences 
noted between those with and without CV comor-
bidity. 

Fifty-two percent of the patients who present-
ed with maximum troponin values above the limit of 
normality (0.05 ng/mL) and 22% presented values 
higher than 5 times that limit. No differences were 
found in the presence of troponin elevation or in 
its quantitative value in patients with AF or CAD.

D-dimer elevation was present in 77% of 
patients, being less frequent in those with AF 
(80% vs. 63%, p = 0.016), irrespective of the an-
ticoagulation received. No differences were found 
regarding the presence of lymphopenia, lactate 
dehydrogenase or ferritin elevation.
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Regarding treatment, patients with AF more 
frequently received anticoagulation at full doses 
compared to patients without AF (61% vs. 13%,  
p < 0.001). However, the proportion of patients 
within this group without full-dose anticoagulation 
(39%) is noteworthy. These numbers were thought 
to be either a result of potential drug interactions 
of oral anticoagulants or the critical clinical status 
or may be a combination of both. Furthermore, 
patients with AF received corticosteroids less 
frequently (31% vs. 47%, p = 0.02). There were no 
significant differences in the use of antiretroviral 
drugs or hydroxychloroquine in any of the groups.

No differences were noted regarding the 
number of days from admission to death, nor in 
the analysis of cumulative survival (Log rank  
p = 0.5 for cumulative survival of patients with AF 
vs. patients without AF; and Log rank p = 0.358 
for cumulative survival of patients with CAD vs. 
patients without CAD).

The prevalence of AF and CAD amongst 
those who died in the hospital wards in our center 
was lower than that reported in Italy by the Isti-
tuto Superiore di Sanità (30% CAD and 24.5% AF 
among the deceased) [6], despite the fact that the 
presented population is slightly older (81 ± 10 vs. 
79.5 ± 8.1 years). 

Although CAD or AF patients had more comor-
bidities and AF patients received less corticoste-
roids, their risk stratification on admission and the 
time from symptoms onset to death were similar.

The percentage of patients in the present 
study sample showed troponin elevation reached 
52%, much higher than the usual 8–12% amongst 
patients diagnosed with COVID-19 [7]. This higher 
frequency of troponin I elevation in the sample of de-
ceased patients (compared to the general COVID-19 
population with different outcomes), together with 
the absence of differences between the groups with 
and without CV comorbidity, seems to indicate that 
the development of myocardial insult depends fun-
damentally on the severity of the disease and not 
on the baseline characteristics of the patient, as it 
has been suggested in another series [8].

Due to the work overload caused by the pan-
demic, echocardiograms were not performed 
during the admission of most of the patients with 
myocardial injury defined as elevation of biomark-
ers. However, it would be interesting to know if 
this troponin elevation corresponded to impaired 

ventricular function, as had been described to be 
the case in sepsis [9].

Given the high prevalence of CV comorbidity 
in patients who develop severe forms of COVID-19, 
further research is needed on the management and 
prognosis of this population. Likewise, given the 
high incidence of myocardial insult amongst those 
with severe forms of the disease, the pathophysio
logical substrate of myocardial damage and the 
potential benefit of cardioprotective strategies 
should be studied.
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Atrial fibrillation (AF) is an important cause of 
morbidity and mortality worldwide. The Framing-
ham study and other studies have demonstrated  
a fivefold increase in overall stroke risk associated 
with AF [1]. Vitamin K antagonists have been 
shown to reduce stroke or systemic thromboem-
bolism by 64% and all-cause mortality by 26%. 
The newer non-vitamin K antagonist oral antico-
agulants give an additional reduction effect with 
better adherence observed. Unfortunately, chronic 
anticoagulation is associated with a significant risk 
of major bleeding. Patients who have contraindica-
tions to anticoagulant treatment may derive benefit 
from left atrial appendage (LAA) occlusion. Tran-
scatheter LAA closure has emerged as a potential 
alternative to oral anticoagulation in AF patients 
and contraindications for long-term oral antico-
agulation. In recent years, it has been reported 
in the literature a few cases of pulmonary artery 
(PA) wall perforation leading to cardiac tamponade 
and even death following by an appendage closure 
using Amplatzer Cardiac Plug (ACP) or Amplatzer 
Amulet Occluder (AAO) [2, 3]. One of those reports 
revealed a close anatomical relationship between 
LAA and PA as the most likely explanation for this 
complication, based on the preprocedural cardiac 
computed tomography (CT) examination [4]. The 
aim of the present study was to assess the anatomi-

cal relationship and the distance between LAA and 
PA by means of electrocardiogram (ECG)-gated CT.

Data of consecutive 55 patients (mean age  
63.1 ± 10.7; 30 females, 25 males), referred to coro- 
nary CT angiography were analysed. Only CT exa- 
minations comprising an entire cardiac cycle analy-
sis were included in the study. All patients were in 
sinus rhythm after having fasted for 3 hours prior to 
the CT scan. The CT was performed during inspira-
tion, scanning from the aortic arch to the diaphragm 
using a 128-row dual source CT scanner (Siemens 
Somatom Flash) with ECG gating. A retrospective 
ECG-triggered scan protocol with temporal resolu-
tion of 75 ms was used. For all patients, 80 mL of 
nonionic contrast medium was injected at rate of 
6 mL/min using a triphasic injection protocol. The 
region of interest was set in the ascendens aorta 
to ensure adequate opacification of the left cardiac 
chambers. Images were reconstructed with a slice 
thickness of 0.6 mm both during ventricular systole 
and diastole. Analysis was performed using axial 
source images and multi-planar reformats. The 
following measurements were taken: the minimal 
distance from the LAA to the PA (minD), the 
distance form LAA ostium to the location of the 
closest proximity of LAA and PA (depth_minD), 
distance from the LAA to the PA measured at  
10 mm (D10) and 15 mm (D15) from the LAA 
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ostium. The distance 10 mm and 15 mm were 
chosen as markers of a potential landing zone for 
LAA occluder devices. All measurements were 
averaged and taken by an experienced in cardiac 
CT radiologist and cardiologist blinded to patient 
clinical data. They were analysed separately during 
ventricular diastole and systole. 

The results are presented in the Figure 1 as  
a scatter plot with marked mean value and stan-
dard deviation. Direct contact of proximal LAA and 
PA defined as the distance between their lumens  
< 1 mm was observed in 8 (14.5%) patients and varied 
from 2 (3.6%) in ventricular diastole up to 6 (10.9%)  
in ventricular systole in a potential landing zone.

There are several case reports describing 
PA perforation following LAA closure, and ma-
jority of them concerned the older ACP device. 
In those situations, there were suggestions that 
small anchors used for device stabilization in some 
situations may have had a higher risk of extend-
ing through the LAA wall and damaging the PA 

wall. In the newer AAO, some parts of the plug 
were redesigned including stabilizing anchors [5]. 
What is interesting, time from plug implantation 
to pulmonary perforation varied from 3 hours [6] 
till 6 months after the procedure [7], what brings 
potential risk to the patient of having cardiac tam-
ponade out of the hospital. The current analysis of 
cardiac anatomy based on CT examinations, con-
firmed close proximity of the pulmonary trunk and 
potential landing zone for occluder devices in LAA 
in a significant number of patients. Direct contact 
of proximal LAA and PA defined as the distance 
between their lumens < 1 mm was observed in  
8 (14.5%) patients. It was significantly lower when 
compared with results of Halkin et al. [6]. Halkin 
et al. [6] found direct contact between LAA and 
PA in 28% of patients qualified to pulmonary vein 
isolation and with AF. The analysis was performed 
during ventricular diastole [6]. In present study 
patients were in sinus rhythm, but patients with 
sinus rhythm with a history of paroxysmal AF 

Figure 1. The distance from left atrial appendage (LAA) to the pulmonary artery (PA); D10 — the distance from the 
LAA to the PA measured at 10 mm from the LAA ostium; D15 — the distance from the LAA to the PA measured at  
15 mm from the LAA ostium; minD — the minimal distance from the LAA to the PA; depth-minD — the distance form 
LAA ostium to the location of the closest proximity of LAA; dia — ventricular diastole; sys — ventricular systole.
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represent a significant number of patients referred 
to LAA occlusion. Good contractility of the LAA 
as the result of underlying sinus rhythm may play 
an important role in facilitating PA perforation in 
those patients [8]. Previous research has shown 
that LAA size significantly depends on loading 
conditions of the LA [9]. Therefore, the present re-
sults could be underestimated when compared with 
real-life conditions, due to the study group fasting 
for 3 hours prior to the CT scan. Analysis herein, 
underlines the importance of careful assessment 
of the anatomical relationships between LAA and 
surroundings structures before implantation of the 
device. Avoiding excessive oversizing seems to be 
an important part of the preprocedural planning in 
patients with direct contact between the atrial ap-
pendage and the PA. In selected patients the choice 
of a different closure device with smaller anchors 
may be the proper option [10]. Cardiac CT is an op-
timal method to achieve the abovementioned goals.

In conclusion, close proximity between the 
PA and a proximal part of the LAA occurs in  
a significant percentage of patients. Cardiac CT can 
be used to optimize risk assessment, procedure 
planning and device selection performed before 
LAA occlusion in relation to the probability of  
a potential PA injury.
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A 64-year-old male with congestive heart 
failure and an implantable cardioverter-defibrillator 
in place with a 3-month history of febrile, fatigue, 
cough, and weight loss was referred with a suspi-
cion of cardiac device-related infective endocarditis 
which was confirmed with a blood culture (Strep-
tococcus gallolyticus).

Transthoracic echocardiography (TTE) and 
transesophageal echocardiography showed reduced 
left ventricular ejection fraction (25%), moderate 
tricuspid regurgitation with no features of vegeta-
tion, floating masses on the pulmonary valve (PV) 
causing functional PV stenosis with severe regur-
gitation (Vmax 2.1 m/s, PHT 228 ms; Fig. 1A, B),  
and an oscillating mass on the atrial lead (Fig. 1C).  
Cardiac computed tomography (CT) revealed  
a widening of the pulmonary trunk with emboli 
at the bifurcation. The patient received empiri-
cal (vancomycin, gentamicin) and subsequently 
targeted (vancomycin, ciprofloxacin) antibiot-

ic therapy, followed by hardware removal with 
transvenous lead extraction (Libertor locking 
stylet and Byrd Sheath; Cook Vacsular Inc, USA;  
Fig. 1E). The patient had not qualified for PV sur-
gery due to high procedural risk.

After 3 weeks, peripheral pulmonary embo-
lism was still observed in an angio-CT, along with 
lesions suspected for malignancy in both lungs 
(Fig. 1F), which was excluded by high-resolution 
CT and bronchofiberoscopy. At 3-month followup 
there was no fever, inflammatory markers were 
low, pulmonary lesions were resolved and TTE 
showed stable PV vegetation size. 

We described a rare case of lead-related infec-
tive endocarditis with co-existing PV vegetations and 
no tricuspid valve involvement. Complete hardware 
removal and antimicrobial therapy turned out to be 
a sufficient treatment option. Large vegetations with 
numerous pulmonary emboli can be effectively treated 
non-surgically if a patient is hemodynamically stable.
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Figure 1. A. Two-dimensional transthoracic echocardiography (2D TTE) parasternal short-axis view at the level of 
the great vessels: vegetation is visible at the pulmonary artery valve (main pulmonary artery focused projection);  
B. 2D TTE focused on the pulmonary valve; C. Large vegetation (22 × 31 mm in size) in right ventricular outflow tract 
seen in transesophageal echocardiography (TEE); D. TEE showing atrial lead vegetation; E. Computed tomography 
scan showing multiple bilateral lung opacities mimicking malignancy that turned out to be inflammatory; F. Atrial lead 
vegetation (intraoperative photography).
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Bail-out use of Wiggle wire for stuck wire  
in dissection lumen under optical frequency  

domain imaging 
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An 80-year-old woman with cerebral infarc-
tion complained of chest pain at rest. Coronary 
angiography (CAG) revealed severe stenosis in 
the proximal-mid right coronary artery (RCA) 
(Fig. 1A). The  RCA lesion was then dilated with  
a cutting balloon (2.75/10 mm) at 12 atm (Fig. 1B). 
After predilation, optical frequency domain imag-
ing (OFDI) was attempted; however, we could 
not cross the OFDI catheter through the lesion. 
After rechecking the CAG findings in detail, we 
recognized the wire was running outside the RCA 
curve (Fig. 1C, D). Several attempts were made 
to advance another guidewire along the inner side 
of the RCA curve; however, the second guidewire 
tended to pass through the same route as the first 
guidewire. We then managed to advance a crooked 

guidewire (Wiggle, Abbott Vascular) with a double-
-lumen catheter backup into the distal RCA, and 
ascertained the Wiggle wire located at the lesser-
-curvature side on fluoroscopy (Fig. 1E, F). Sub-
sequent OFDI through the Wiggle wire confirmed 
the Wiggle wire in the true lumen and the first wire 
in the dissection lumen (Fig. 1G–I). In addition, 
there was a calcified flap (white arrow, Fig. 1I) at 
the proximal entry of the dissection lumen, which 
might interfere with the OFDI catheter crossing 
through the first wire. A drug-eluting stent (3.0/ 
/40 mm) was implanted through the Wiggle wire 
without difficulty (Fig. 1J). After postdilations, 
repeat OFDI depicted full expansion of the stent 
despite residual dissection lumen (Fig. 1K), and 
final CAG showed an acceptable result (Fig. 1L). 
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Figure 1. A. Coronary angiography (CAG; left anterior oblique view) showed a significant stenosis in the proximal-
-mid right coronary artery (RCA); B. Predilation with a cutting balloon; C, D (magnified image). CAG after predilations 
depicted the first wire (white arrowhead) located at the outer side of the RCA curve; E, F (magnified image). The 
Wiggle wire (white circle) positioned at the inner side compared with the first wire (white arrowhead) on fluoroscopy. 
Optical frequency domain imaging (OFDI) images after crossing the Wiggle wire (panels G–I corresponding to arrows 
in panel F) confirmed the Wiggle wire (white circle) and the first wire (white arrowhead) located in the true lumen 
and in the dissection lumen (white asterisk), respectively; G. Bifurcation of the right ventricular branch; H. Mid part 
of the dissection lumen; I. Calcified flap (white arrow) at proximal entry site of the dissection lumen; J. Implantation 
of a drug-eluting stent; K. Optimal stent expansion/apposition and residual dissection lumen (white asterisk) on final 
OFDI; L. Final CAG.

348 www.cardiologyjournal.org

Cardiology Journal 2021, Vol. 28, No. 2



Address for correspondence: Karolina Semczuk-Kaczmarek, MD, 1st Department of Cardiology, Medical University of Warsaw,  
ul. Banacha 1A, 02–097 Warszawa, Poland, tel: +48 22 599 2655, e-mail: karolina.semczuk-kaczmarek@wum.edu.pl
Received: 11.08.2020	 Accepted: 13.10.2020
This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Multiple embolic events and ruption  
of the central venous catheter  

in a patient with atrial fibrillation
Tomasz Ostrowski1, Karolina Semczuk-Kaczmarek2, Rafał Maciąg3,  

Anna E. Płatek2, 4, Zbigniew Gałązka1, Filip M. Szymański2

1Department of General, Endocrine and Vascular Surgery, Medical University of Warsaw, Poland 
21st Department of Cardiology, Medical University of Warsaw, Poland 

32nd Department of Clinical Radiology, Medical University of Warsaw, Poland 
4Department of General and Experimental Pathology with Center for Preclinical Research  

and Technology (CEPT), Medical University of Warsaw, Poland

A 46-year-old male with a previous history of 
persistent atrial fibrillation was hospitalized due to 
signs of intestinal occlusion. An urgent computed 
tomography (CT) angiography demonstrated su-
perior mesenteric artery occlusion. Due to signs 
of intestine gangrenous subtotal a small intestine 
resection was made. On account of short bowel 
syndrome, a central venous catheter for parenteral 
nutrition was placed. After discharge the patient 
decided to discontinue antithrombotic treatment 
and after a few weeks presented with ischemic 
stroke with left-sided hemiplegia. 

After 2 months the patient was admitted to 
hospital due to symptoms of acute lower left limb 
ischemia. An extremity CT angiography revealed 
complete occlusion of the left superficial femoral 
artery and popliteal artery (Fig. 1A). A chest X-ray 
and CT performed during qualification for surgery 

revealed the presence of a fractured fragment 
of a central venous catheter in the right atrium  
(Fig. 1C, D). Using the right femoral vein approach, 
a fragment of the catheter was removed from the 
right atrium (Fig. 1E, F). Subsequently, percuta-
neous tromboaspiration of the thrombus from the 
left femoral artery, intraarterial fibrinolysis, and 
percutaneous transluminal angioplasty of the left 
popliteal artery were performed (Fig. 1B). 

The incidence of cerebral embolism among 
patients with atrial fibrillation is 1.92/100 person-
-years and the incidence of systemic embolic 
events is 0.23/100 person-years (58% in the lower 
extremities, 31% in the visceral-mesenteric sys-
tem, 11% in the upper extremities). Reported 
herein, is a rare case of 3 subsequent embolic 
events (cerebral, mesenteric and lower extremities 
arteries) during 3 months.
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Figure 1. A. Computed tomography angiography — complete occlusion of the left popliteal artery; B. Angiography-
-complete occlusion of the left popliteal artery; C. Chest computed tomography-fractured fragment of a central  
venous catheter in the right atrium; D. Chest X-ray-fractured fragment of a central venous catheter in the right atrium;  
E. Removal of the fragment of the central venous catheter; F. Removed fragment of the central venous catheter.
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Walking on a thin line between potent platelet  
inhibition for myocardial infarction and  

risk of hemorrhagic complications. Tirofiban 
induced subconjunctival hemorrhage

Marie-Eva Laurencet, Juan F. Iglesias, Stéphane Noble,  
Elena Tessitore, Sophie Degrauwe

Division of Cardiology, Geneva University Hospitals, Geneva, Switzerland

Tirofiban, an antagonist of the glycoprotein IIb/ 
/IIIa receptor, is indicated for the treatment of acute 
coronary syndrome (ACS), in combination with 
heparin. Tirofiban has been shown to decrease the 
rate of death in myocardial infarction and refractory 
ischemia patients.

Herein is presented the case of a 41-year- 
-old active smoker, transferred to our hospital for 
anterior ST-segment elevation myocardial infarc-
tion (Fig. 1A). Loading doses of acetylsalicylic 
acid (500 mg), prasugrel (60 mg) and 5000 UI  
of heparin were administered during transfer. 
Coronary angiogram demonstrated plaque rupture 
in the proximal left anterior descending artery 
(LAD) (Fig. 1B), associated with heavy thrombus 
burden visualized on optical coherence tomog-
raphy (Fig. 1C). A high dose bolus of tirofiban  
(25 µg/kg) followed by a continuous infusion (0.1 µg/ 
/kg/min) was administered and percutaneous coro-
nary intervention of LAD was performed with two 
drug eluting stents (Fig. 1D). Three hours after 
initiation of tirofiban administration, the patient 
developed bilateral severe subconjunctival hem-

orrhage (Fig. 1E) associated with blurred vision, 
prompting interruption of tirofiban perfusion. 
In this setting, de-escalation of P2Y12 inhibitor 
therapy was performed, prasugrel was switched 
for clopidogrel. The patient thrombocyte count was 
within normal range. Cardiac and ophthalmologic 
clinical evolution were favorable. According to 
available research, this is the first report of severe 
subconjunctival hemorrhage occurring as a com-
plication of tirofiban administration.

Potent platelet inhibition for patients present-
ing ACS has consistently been associated with  
a reduction of major adverse cardiac events. Accord-
ing to the most recent European Society of Cardiol-
ogy revascularization guidelines, dual antiplatelet 
therapy associating acetylsalicylic acid and ticagrelor 
or prasugrel is recommended for patients presenting 
ACS. Glycoprotein IIb/IIIa inhibitors can be used as 
an adjunctive therapy during percutaneous coronary 
intervention in cases of high thrombus burden. 
Hemorrhagic complications need to be addressed 
with caution, justifying individualized tailored anti-
platelet therapy adaptations when warranted.
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Figure 1. A. Admission electrocardiogram demonstrating anterior ST-segment elevation myocardial infarction;  
B. Coronary angiogram demonstrating a hazy lesion in the proximal left anterior descending artery (LAD); C. Intra-
coronary imaging by means of optical coherence tomography, demonstrating plaque rupture on the level of the  
proximal LAD; D. Coronary angiogram after percutaneous coronary intervention of the LAD with two drug eluting 
stents; E. Bilateral severe subconjunctival hemorrhage, developed 3 hours after initiation of tirofiban administration.

352 www.cardiologyjournal.org

Cardiology Journal 2021, Vol. 28, No. 2



Address for correspondence: Aleksandra Gąsecka, MD, PhD, 1st Chair and Department of Cardiology, Medical University  
of Warsaw, ul. Banacha 1a, 02–097 Warszawa, Poland, tel: +48 22 599 19 51, e-mail: aleksandra.gasecka@wum.edu.pl
Received: 19.01.2021	 Accepted: 22.02.2021
This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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To date, 92,111,432 of coronavirus disease 
2019 (COVID-19), cases were confirmed worldwide 
and the number of asymptomatic patients remains 
largely unknown. There are emerging retrospec-
tive data implying that the COVID-19 infection has 
long-term complications, although there is still  
a paucity of large, prospective trials to investigate 
the true prevalence of these complications. Besides 
lung inflammation, myocardial injury is a typical 
COVID-19-related phenomenon, present in 20–30%  
of patients and contributing to 40% of deaths [1].  
However, myocardial injury in the course of  
COVID-19 may be even more prevalent [2].

An autopsy study including 39 patients who 
had died due to COVID-19 showed features of 
myocardial abnormalities in patients, in whom 
the cardiac complications had not previously been 
diagnosed [3]. Histopathologic evaluation of the 
myocardium did not fulfil the criteria of acute 
myocarditis, but in 62% patients (24/39) the pres-
ence of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) was confirmed within 
the myocardium. Among them, 67% of patients 
(16/24) demonstrated evidence of myocardial vi-
rus replication, as defined  by a virus load above 
1,000 virus copies per μg RNA. In addition, the 
cytokine response panel consisting of 6 proinflam-

matory genes was increased in those 16 patients, 
compared with patients without SARS-CoV-2 in 
the heart, but this had not (yet) been associated 
with an influx of inflammatory cells. As assessed 
using in situ hybridization, interstitial cells and 
infiltrating macrophages, but not cardiomyocytes 
were the most probable virus localization within 
the myocardium [3].

The silent but progressive myocardial injury 
in the course of COVID-19 might contribute to the 
development of heart failure and other cardiovas-
cular complications following virtual recovery. This 
hypothesis is confirmed by the results of another 
study, where the authors performed cardiac mag-
netic resonance in 100 COVID-19 convalescents 
at 2 to 3 months following the acute phase of the 
disease [4]. Persistent cardiac involvement was 
observed in 78 (78%) patients and ongoing myo-
cardial inflammation in 60 (60%) patients, which 
was independent of the severity and overall course 
of the acute disease and the time from the original 
diagnosis. Moreover, increased troponin concen-
tration was demonstrated in 76 (76%) of patients 
without any clinically overt signs and symptoms 
of myocardial dysfunction.

In another study including 139 healthcare 
workers with confirmed past SARS-CoV-2 infec-
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tion, cardiac magnetic resonance features of myo-
carditis were observed in 37% of the participants 
at a median of 10 weeks after infection [5]. Impor-
tantly, only half of the participants had symptoms 
of COVID-19, demonstrating that cardiac sequelae 
might be associated with an altered or delayed 
immune response, and that even asymptomatic 
patients and/or patients not aware of the infection 
may suffer from serious cardiovascular complica-
tion in the longer perspective.

The long-term health consequences of  
COVID-19 were also evaluated in 1733 patients 
with COVID-19 in Wuhan, China [6]. Six months 
following hospital discharge, the main persist-
ing symptoms were fatigue or muscle weakness 
(1038/1655, 63%), sleep difficulties (437/1655, 
26%) and anxiety or depression (367/1733, 23%). 
In addition, 76% of patients (1265/1655) declared 
at least one persisting symptom. In addition, 13% 
(107/822) participants without acute kidney injury 
and with normal estimated glomerular filtration rate 
(eGFR more than 90 mL/min/1.73 m2) in the acute 
phase had eGFR less than 90 mL/min/1.73 m2 at 
follow-up, implying the COVID-19-induced kidney 
injury [6]. Although cardiovascular imaging was not 
a part of this study, it is likely that at least a part of 
patients who reported the fatigue and muscle weak-
ness might have developed cardiac dysfunction.

Altogether, emerging results from the hitherto 
studies indicate that SARS-CoV-2 infection may 
be associated with the long-term extrapulmonary 
organ manifestations, with cardiac involvement 
being one of the most prevalent. The long-term 
impact of COVID-19-associated cardiac dysfunction 
remains unknown. Hence, it is relevant to evaluate 
the presence of the potential myocardial damage in 
patients with a history of SARS-CoV-2 infection, 
even if the course was asymptomatic. Moreover, it 
is crucial to focus on the group of patients who were 
not aware of the infection, as the post-COVID-19 
heart syndrome might be the first indicator of past 

infection [7]. In the societal perspective, there is  
a risk that SARS-CoV-2 might further increase the 
cardiovascular morbidity and mortality [8]. Further 
long-term studies are required to determine the 
incidence and clinical course of myocardial dam-
age caused by COVID-19 in order to implement  
a routine cardiac imaging screening that allows for 
the treatment of post-COVID-19 heart syndrome.
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