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An Apple Watch a day keeps the doctor away?

Mikotlaj Basza'*, Bartosz Krzowski’*, Pawet Balsam?,
Marcin Grabowski’, Grzegorz Opolski®, Lukasz Kottowski’

"Medical University of Silesia in Katowice, Poland

?1* Department of Cardiology, Medical University of Warsaw, Poland

The high prevalence of cardiovascular diseases
and an increasing health workforce shortage are
major challenges that cardiology will face in the
decades to come. New technologies supporting
physicians in screening and patient monitoring
are considered a potential solution to help fill this
gap. For example, the average smartwatch user
generates millions of basic vital sign data points
each day, observed almost continuously 7 days
a week in a patient’s natural environment. 2019
ended with more than 500 million wearable users,
and according to the market forecasts, this num-
ber will have reached over 1 billion by 2022 [1].
Apple dominates the smartwatch market with Ap-
ple Watch (AW), which is recognized as a Food and
Drug Asscoiation class-2 medical device; never-
theless, its applications and reliability in medicine
remain unclear.

The AW collects various biosignals based on two
core technologies, photoplethysmography (PPG)
and single-lead electrocardiography (ECG) [2].

Using green or infrared light, PPG is used to
measure heart rate (HR) and HR variability,
relying on blood volume changes in tissue. Ac-
cording to manufacturer information, the AW
supports an HR range of 30-210 bpm. Measure-
ments of HR are taken in the background during
rest, but a user can also perform it on-demand.
In many studies with similar conclusions, HR
measurement accuracy has been validated on
a healthy population during different activities.
Overall accuracy during rest, low and moder-
ate activity is comparable to standard 12-lead
ECG and decreases near range thresholds with
motion artifacts [3-5]. These findings suggest
apossible use of AW HR monitoring during therapy
and cardiac rehabilitation. Apple offers an HR noti-
fication function that informs the user when the HR
in a 10 min resting period is out of the previously set
range. The irregular rhythm notification function
1s widely described in the Apple Heart Study [6].
AW showed a 34% diagnostic yield in detecting

Address for correspondence: Lukasz Kottowski, MD, PhD, FESC, 1* Chair and Department of Cardiology, Medical
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Single-lead ECG

The 30s, single-lead ECG interpreted by
cardiologist can be used for definitive AF

10:09
HEART RATE

Your heart has shown
signs of anirregular
rhythm suggestive
of atrial fibrillation.

If you have not been
diagnosed with AF

| by a physician, you

- _—

Irregular rhythm
notification

PPG-based AF screening
with 34% diagnostic
yield. The notification
has to be confirmed with
ECG

10:09

: HEART RATE

High Heart Rate
Your heart rate rose
above 120 BPM while
you seemed to be in-
active for 10 minutes
starting at 9:58 AM.

N -

High or low HR
notification

Apple Watch notifies
patient when HR is out of
targeted range. Possible
use in therapy monitoring

58 BPM, 3m ago

Resting Rate

56

Today

Heart Rate

Accurate heart rate,
continuous monitoring
for tracking
cardiovascular fitness

diagnosis. Caution is needed with an
automatical rhythm assessment algorithm

Figure 1. Main Apple Watch options are available for everyday use; AF — atrial fibrillation; HR — heart rate; ECG —

electrocardiogram; PPG — photoplethysmography.

atrial fibrillation (AF), 35% in the population over
65 years old and 18% in the cohort younger than
40 years of age. 89% of true positives had AF epi-
sodes lasting at least 1 hour. The positive predictive
value of individual notification was 84%. The high
false-positive rate was the main allegation in this
study. However, ECG patches used for validation
were worn for an average of 6.3 days and a few days
after initial notification and by a limited number
of study participants, so the absence of AF during
validation does not indicate that the notification
was false. Especially in paroxysmal and infrequent
episodes of arrhythmia. This study’s findings imply
the potential benefits of irregular pulse notification
in AF screening in a population over 65 years old
when AF screening is cost-effective. According to
the European Society of Cardiology (ESC) 2020
guidelines, methods based on PPG require addi-
tional ECG confirmation, which is possible in Ap-
ple Watch Series 4 and higher and occasionally, in
case of doubt, needs to be verified with traditional
12-lead ECG tracing (Fig. 1).

The Apple Watch Series 4 and higher have
built-in two electrodes, a titanium electrode in
the Digital Crown, and a chromium silicon carbon
nitride layer applied on the back of the AW. They
allow obtaining a single lead ECG corresponding
to lead I in standard ECG. In a validation study,

Apple showed high morphology agreement be-
tween Apple Watch ECG and 12-lead ECG (lead I)
waveforms at rest and after exercise. Sub-study of
the Leipzig Apple Heart Rhythm Study compared
three leads obtained using alternative positioning
of Apple Watch to leads I, II, III of standard 12-
lead ECG with the correlation between 97% and
99% for a duration (ms) of P wave, PR interval,
QRS complex, QT interval and T wave in all three
leads. The polarity concordance of P wave, QRS
complex, and T wave was 98-100%. However,
alower correlation — 72-90% — has been observed
for those parameters’ amplitude (mV). In 2020
Spaccarotella et al. [7] obtained leads I, II, III, V,,
V,, V3, V,, Vs, and Vi using AW and compared it
to 12-lead ECG on 100 patients admitted to the
coronary care unit. Bland-Altmann did not show
a significant difference in millimeters of ST-seg-
ment deviation. The feasibility of AW ECG inter-
pretation in AF detection has been confirmed with
96% sensitivity and 100% specificity [8]. Those
studies have shown that Apple Watch ECG wave-
form is a clinically relevant biosignal and meets the
criteria of ESC 2020 guidelines for AF definitive
diagnosis, which is especially important in patients
at high risk of stroke. Single lead ECG is the basis
of the Apple Watch ECG app 1.0 algorithm that,
according to the manufacturer, is characterized by
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98.3% sensitivity and 99.6% specificity in detecting
AF. Still, this data requires cautious interpretation.
An independent study conducted on 50 patients,
who had undergone cardiac surgery, monitored by
telemetry, showed 41% specificity in detecting
AF by an algorithm and 5 times higher unreadable
ECGs rate [8]. Apple Watch ECG app 2.0 algorithm
interprets the rhythm automatically and classifies
it into sinus rhythm, AF, low or high heart rate,
inconclusive and poor recording. Apple’s internal
study demonstrated 98% correctly classified sinus
rhythms and AF in the HR range of 50-99 bpm
and 93% for sinus rhythm, and 83% for AF in HR
range 100-150 bpm. There are no other studies
that confirmed the results of the ECG 2.0 Clinical
Validation Study.

One of the AW ECG waveform’s possible
applications is screening and monitoring therapy
with a cardiac adverse effect. In 2020 Strik et al. [9]
validated QT interval measurements using AW
ECG to assess potential usefulness in patients with
COVID-19 on hydroxychloroquine/azithromycin
treatment. He revealed that adequate QT meas-
urements were possible from AW ECG in 85% of
patients. However, using additionally lead II and
Vs obtained using AW increased that score to 94%.

Year by year, the manufacturers of wearables
are getting deeper into healthcare by providing new
medical features and conducting further studies
in collaboration with leading medical institutions.
In Apple Watch Series 6, optical sensors were
redesigned to provide oxygen saturation and VO,
max measurements. Although the blood oxygen
level app is officially not intended for medical use,
it might be a medical-grade feature in the future.
Apple recently has launched two new studies inves-
tigating the feasibility of the AW in cardiology. One
is related to monitoring heart failure patients, and
the second is focusing on the correlation between
physical activity and heart health [10].

Though there is a need for further validation,
studies have shown that wearables such as AW
should not be viewed just like gadgets. Still, they

Mikotaj Basza et al., Apple Watch in everyday practice

may become a reliable source of medical data. In
addition, professional guidance and clinical experi-
ence could provide enormous potential in screen-
ing arrhythmias, supporting therapy, and cardiac
rehabilitation.
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Dual antiplatelet ther-
apy (DAPT) with acetyl-
salicylic acid (ASA) and
a P2Y,, receptor inhibitor
is the cornerstone treat-
ment both in patients with
acute coronary syndromes
(ACS) and in those undergoing percutaneous coro-
nary intervention (PCI). At the beginning of the
drug-eluting stent (DES) era, stent thrombosis
(ST) emerged as the most relevant complication,
and therefore more powerful P2Y,, inhibition and
DAPT prolongation were recommended [1, 2].

With technological refinements, newer thin-
ner-strut DES now show dramatically improved
safety profiles compared with their ancestors [3].
The increased safety of third generation DES
has encouraged the treatment of complex lesions
in older and more fragile patients, in whom the
bleeding risk still carries relevant prognostic im-
plications [4].

For the definition of the complex PCI, we
commonly refer to the so-called “Giustino’s cri-
teria” [5]: either 3 vessel or > 3 lesions treated,
> 3 stents implanted, bifurcation with 2 stents, total
stent length > 60 mm or treatment of a chronic
total occlusion, with most of the ischemic risk driv-

en by double bifurcation
stenting. In the setting of
bifurcation PCI, a single
“provisional” stenting is
currently recommended
by the European Bifur-
cation Club (EBC) con-
sensus document [6], but
careful planning is man-
datory, as the ischemic
risk is heightened when
the second stent is placed
in “bail-out”, beyond the
planned strategy [7].

In addition, the identification of high bleeding
risk (HBR) patients [8, 9] has become crucial to de-
fine the DAPT strategy [10]. In HBR patients, the
overlap between ischemic and bleeding features
1s common and therefore the evaluation of the net
clinical benefit of DAPT duration becomes tricky.
Costa et al. [11] documented that those patients
enrolled in the PRECISE-DAPT study who under-
went complex PCI had a higher risk of ischemic
events, but benefitted from long-term DAPT only if
HBR features were not present. In order to obtain
an optimal balancing between the ischemic and the
thrombotic risk, a modulation of antithrombotic
strategy has been proposed, with an initial DAPT
period to reduce the ST risk during the phase of
strut endothelialization, followed by long-term an-
tiplatelet monotherapy with either ASA or a P2Y,,
receptor inhibitor to contain the bleeding risk [12].
In the subgroup of patients with complex lesions
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Complex PCI

v

a) PRECISE-DAPT score = 25

Bleeding risk or
b) ARC-HBR (1 major or 2 minor criteria)
[ I
NO YES
\
Clinical setting ACS
|
YES NO :
¢ Consider shorter DAPT
with or without ASA-free strategies
Imaging-guided A
PCI L2
T
NO
L Consider standard or prolonged DAPT

Figure 1. Decisional algorithm proposed for antiplatelet duration after complex percutaneous coronary interven-
tion (PCl); ACS — acute coronary syndrome; ARC — Academic Research Consortium; ASA — acetylsalicylic acid;
HBR — high-bleeding risk; DAPT — dual antiplatelet therapy; PRECISE-DAPT — PREdicting bleeding Complications
in patients undergoing stent Implantation and SubsequEnt Dual AntiPlatelet Therapy. Bleeding risk stratification
according to PRECISE-DAPT score and ARC-HBR score is defined as a 1-year risk of a BARC (bleeding ARC) type 3

or 5> 4% or of intracranial hemorrhage > 1%.

enrolled in the TWILIGHT trial, Dangas et al. [13]
showed that, after 3-month DAPT, continuation
of ticagrelor monotherapy was associated with
a lower incidence of bleeding without increasing
the risk of ischemic events compared with continu-
ing DAPT.

The multicentric, randomized, open-label
SMART-CHOICE trial [14] enrolled 2,993 patients
— with ACS in 60% of cases — undergoing PCI with
second generation DES in Korea to receive 12-month
DAPT vs. 3-month DAPT followed by P2Y,,
monotherapy (mostly clopidogrel). At 12 months
of follow-up, shorter DAPT followed by P2Y,,
monotherapy was non-inferior to 12-month DAPT
for the primary endpoint of major adverse cardiac
and cerebrovascular events, with a lower rate of
bleeding events expressed as Bleeding Academic
Research Consortium (BARC) bleeding type 2-5.
In the current issue of the Cardiology Journal,
Roh et al. [15] performed a post-hoc analysis of
the SMART-CHOICE trial among the 498 patients
who underwent complex PCI, with intravascular
ultrasound guidance used in 31.5% of cases. Simi-
lary to the TWILIGHT trial, also in the SMART-
-CHOICE complex, the P2Y,, inhibitor mono-
therapy showed adverse event rates comparable
to the DAPT group.

Two recent meta-analyses [16, 17] showed
that shorter DAPT regimens followed by P2Y,,
monotherapy appear safe in containing bleeding
events, without a significant increase in ischemic
risk among unselected patients.

Looking ahead, complex PCI undoubtedly
deserves careful planning, with single stenting
recommended in bifurcations, and when double
stenting is needed, imaging becomes vital to opti-
mize strut overlapping and reduce the risk of strut
malapposition. In this view, the EBC proposed
a modulated DAPT duration strategy according to
clinical presentation, HBR, stenting strategy and
the use of intraprocedural imaging [18].

At present, the optimal DAPT duration after
complex PCl is still under debate. ASA-free strat-
egies, in light of the limited evidence, cannot be
routinely recommended and should be restricted
to selected patients. A meaningful approach should
take into account both clinical and procedural risk
variables (Fig. 1).

In the nearest future, without doubt we will
witness several trials focusing various de-escala-
tion antiplatelet therapeutic approaches after PCI
or ACS [19].
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Abstract

Background: Coronavirus disease 2019 (COVID-19) emerged as a worldwide health crisis, over-
whelming healthcare systems. Elevated cardiac troponin T (cTn T) at admission was associated with
increased in-hospital mortality. Howeves, data addressing the role of cTn T in major adverse cardiovas-
cular events (MACE) in COVID-19 are scarce. Therefore, we assessed the role of baseline cTn T and
cTn T kinetics for MACE and in-hospital mortality prediction in COVID-19.

Methods: Three hundred and ten patients were included prospectively. One hundred and eight patients
were excluded due to incomplete records. Patients were divided into three groups according to cTn T
kinetics: ascending, descending, and constant. The cTn T slope was defined as the ratio of the cTn T
change over time. The primary and secondary endpoints were MACE and in-hospital mortality.
Results: Two hundred and two patients were included in the analysis (mean age 64.4 + 16.7 years,
119 [58.9%] males). Mean duration of hospitalization was 14.0 = 12.3 days. Sixty (29.7%) patients had
MACE, and 40 (19.8%) patients died. Baseline cTn T predicted both endpoints (b = 0.047, hazard ratio
[HR] 1.805, 95% confidence interval [CI] 1.009-3.231; p = 0.009, HR 2.322, 95% CI 1.234-4.369).
Increased cTn T slope predicted mortality (p = 0.041, HR 1.006, 95% CI 1.000-1.011). Constant
cTn T was associated with lower MACE and mortality (p = 0.000, HR 3.080, 95% CI 1.914-4.954,
p = 0.000, HR 2.851, 95% CI 1.828-4.447).

Conclusions: The present study emphasizes the additional role of cTn T testing in COVID-19 pa-
tients for risk stratification and improved diagnostic pathway and management. (Cardiol J 2021; 28,
6: 807-815)

Key words: myocardial injury, cardiac troponin, kinetics, mortality, COVID-19, major
cardiovascular adverse events
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Introduction

Coronavirus disease 2019 (COVID-19)
emerged as a worldwide health crisis, overwhelm-
ing healthcare systems and especially the intensive
care units, due to high numbers of critical cases
in a short period of time [1, 2]. Initial publications
reported elevated cardiac troponin T (cTn T) at
admission to be associated with a worse progno-
sis and increased in-hospital mortality, possibly
due to myocardial injury [3, 4]. However, most
of these series evaluated one troponin assay and
focused on non-cardiovascular adverse events, for
example intensive care unit admissions, and the
need for ventilation or vasopressor support [5-7].
Current data addresses insufficiently the associa-
tion between ¢Tn T and adverse cardiovascular
events in COVID-19 patients. By analogy with
acute coronary syndromes, the change of cardiac
biomarkers levels over time may indicate myocar-
dial injury [8-11], which may develop at any point
during hospitalization. Thus, serial cTn T testing
might play a key role in the assessment of disease
severity [9]. Moreover, it has been suggested that
constant values of ¢Tn T during hospitalization con-
vey an improved prognosis in COVID-19 patients,
whereas a continuous increase in cTn T values
implies a worse outcome [9]. However, few data
are available to support this hypothesis.

Therefore, we aimed to assess the additional
prognostic value of baseline ¢cTn T and ¢cTn T
kinetics in the prediction of major adverse cardio-
vascular events (MACE) and in-hospital mortality
in COVID-19 hospitalized patients.

Methods

We prospectively included 310 patients admit-
ted to the Universitair Ziekenhuis Brussel (Univer-
sity Hospital of Brussels), Belgium between March
2020 and April 2020. COVID-19 was confirmed by
real-time reverse transcription polymerase chain
reaction test. One hundred and eight patients with
incomplete information on comorbidities, treat-
ment history, lack of systematic evaluation of the
clinical status or biomarkers, and/or short period
of hospitalization (< 48 h in hospital stay) were ex-
cluded from the analysis. Clinical information was
collected at admission and during hospitalization
by the physicians in charge. Data included demo-
graphics, medical history, comorbidities, clinical
evaluation, laboratory exams, in-hospital treat-
ment, complications, and outcomes. Two hundred
and two (65.1%) patients had at least two ¢cTn T

values assessed during hospitalization, systemati-
cally at 24-48 hours intervals, after hospital admis-
sion. ¢Tn T-values > 0.011 ug/L were considered
elevated, according to hospital laboratory cut-offs.
cTn T evolution was analyzed by calculating the
slope of change as the ratio of the ¢cTn T change
and the change in time (AcTn T/A time). AcTn T
was defined as the difference between the high-
est value of ¢Tn T during hospitalization and the
baseline value. Baseline ¢Tn T was considered the
first cTn T assessment in the first 48 hours after
hospital admission.

Patients were divided into three groups accord-
ing to their cTnT kinetics profile, as follows: group 1
representing ascending cTn T profile, formed by
patients with a variation of ¢Tn T values from ad-
mission to discharge, with increased slope (AcTn
T/A time > 1); group 2, descending ¢Tn T profile in-
cluded patients with a decrease of cTn T values from
admission to discharge (ATn T/A time < 1); and
group 3, constant cTn T profile, included patients
with a stable value of ¢Tn T during hospitalization
(AcTn T/A time = 0). MACE was considered as the
primary endpoint, composed of all-cause mortal-
ity, acute heart failure, acute coronary syndrome,
pericarditis, myocarditis, atrial fibrillation or flutter,
and pulmonary embolism. In-hospital mortality was
considered as the secondary endpoint. All cardio-
vascular events were defined according to current
practice guidelines of cardiology [11-15].

Ethical approval

This study was approved by the local Ethical
Committee and was carried out in accordance with
the ethical principles for medical research involving
human subjects established by the Helsinki Dec-
laration, protecting the privacy of all participants,
as well as the confidentiality of their personal
information.

Statistical analyses

Descriptive statistics were performed for
all study variables. Continuous variables were
expressed as mean * standard deviation (SD) or
median (interquartile [IQR]) for skewed variables.
Categorical variables were expressed as percent-
ages. Normality of data was tested using the Kol-
mogorov-Smirnov test. Comparison of continuous
variables was performed using Student’s t-test or
the Mann-Whitney U-test, and of binominal vari-
ables using the y* or Fisher exact test, respectively.
Comparison between three groups was performed
using one-way ANOVA for continuous data. Uni-
variable and multivariable Cox regression models
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Table 1. Cox regression analysis for major adverse cardiovascular events (MACE) and for in-hospital
mortality in COVID-19 patients for baseline cardiac troponin T (cTn T).

Parameter Univariable analysis Multivariable analysis

HR 95% CI P HR 95% CI P
MACE predictors
Age 1.056 1.032-1.081  0.000 1.054 1.025-1.084 0.000
cTnT 1.966 1.225-3.154  0.005 1.805 1.009-3.231  0.047
Neutrophil-lymphocyte ratio 1.059 1.025-1.093  0.001 0.997 0.955-1.040 0.877
C-reactive protein 1.004 1.002-1.007 0.002 1.004 1.001-1.007 0.021
History of diabetes mellitus 1.232 0.689-2.201 0.482 1.238 0.276-5.551 0.780
History of arterial hypertension 1.502 0.864-2.614 0.150 0.889 0.428-1.847 0.752
History of dyslipidemia 1.194 0.689-2.071  0.527 0.894 0.202-3.968  0.883
In-hospital mortality
Age 1.069 1.040-1.098  0.000 1.061 1.029-1.094 0.000
Neutrophil-lymphocyte ratio 1.069 1.034-1.106  0.000 1.003 0.958-1.049 0.911
C-reactive protein 1.005 1.002-1.008 0.001 1.007 1.003-1.012  0.000
cTnT 2.138 1.338-3.416  0.001 2.322 1.234-4.369 0.009
History of diabetes mellitus 1.320 0.688-2.532 0.404 0.845 0.383-1.864 0.676

Cl — confidence interval; HR — hazard ratio

were used to evaluate potential predictors of in-
hospital mortality and MACE.

Kaplan-Meier survival curves were used to
compare event-free and survival rates for COVID-19
patients by the log-rank test. Receiver operating
characteristics (ROC) curves were constructed to
determine the ability of baseline ¢cTn T to predict
mortality and MACE and to identify its sensitivity
and specificity.

Data were analyzed using IBM SPSS Statis-
tic for Windows, Version 26.0 (Armonk, NY: IBM
Corp.). A p value < 0.05 was considered significant.

Results

Global population: Baseline characteristics

Two hundred and two patients were included
in the analysis (mean age 64.4 = 16.7 years, 119
[58.9%] males). The mean duration of hospitaliza-
tion was 14.0 = 12.3 days.

The prevalence of cardiovascular risk factors
was the following: hypertension in 102 (50.5%)
patients, dyslipidemia in 83 (41.1%) patients, dia-
betes mellitus in 61 (30.2%) patients, and obesity
in 56 (27.9%) patients. Chronic kidney disease was
observed in 29 (14.4%) patients.

Baseline characteristics of the global study
population and the comparison between patients
with and without primary and secondary endpoints
are shown in Supplemental Material Table 1.

Clinical outcomes of the main population

Major adverse cardiovascular events occurred
in 60 (29.7%) patients. Twenty-three (11.4%) pa-
tients developed acute heart failure, 5 (2.6%) pa-
tients developed acute coronary syndrome (1 acute
myocardial infarction with ST segment elevation,
2 patients with acute myocardial infarction without
ST segment elevation and 2 Takotsubo syndrome),
4 (2%) patients developed pericarditis, 4 (2%)
developed myocarditis, and 3 (1.3%) developed
pulmonary embolism. Fourteen (6.9%) patients
had acute onset of atrial fibrillation, and 1 (0.5%)
patient had atrial flutter.

The in-hospital mortality rate was 40 (19.8%)
patients.

Factors associated with MACE and in-
-hospital mortality in the main population

Baseline cTn T. Univariable and multivariable
Cox regression analyses for MACE and in-hospital
mortality are shown in Table 1. Baseline ¢cTn T
independently predicted MACE (p = 0.047, haz-
ard ratio [HR] 1.805, 95% confidence interval [CI]
1.009-3.231) and in-hospital mortality (p = 0.009,
HR 2.322, 95% CI 1.234-4.369).

For MACE, sensitivity and specificity of base-
line cTn T (best cut-off value 0.014 ug/mL) were
92.6% and 60.1%, respectively, with an area under
the curve of 0.80 (95% CI 0.73-0.87) (Fig. 1A),
and for in-hospital mortality: sensitivity 77.1%

www . cardiologyjournal.org 809



Cardiology Journal 2021, Vol. 28, No. 6

ROC curve
A 1.04

0.8+

o
hris

Sensitivity

N
=

0.2

AUC: 0.80 (0.73-0.87)

0.0 0.2 0.4 06 0.8 10
1-Specificity
Diagonal segments are produced by ties
C 1.04
0.8
0.6
2
.E
L 0.4
0.2
AUC: 0.84 (0.77-0.90)
00 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

ROC curve and Kaplan-Meier for MACE

B 1.001
Xt [2] = 24.0, p < 0.001
0.75- cTnT = 0.014 ug/mL
0.50
0.25-
cTnT < 0.014 ng/mL
0.001

ROC curve and Kaplan-Meier for in-hospital mortality

D 1.00
Xt [2] = 35.3, p < 0.001
¢Tn T = 0.029 ug/mL
0.754
0.50
0.25 cTn T < 0.029 ug/mL
0.00

0 10 20 30 40
Duration of hospitalization [days]

0 10 20 30 40
Duration of hospitalization [days]

Figure 1. Receiver operating characteristics (ROC) and Kaplan-Meier analysis illustrating the role of baseline cardiac
troponin T (cTn T) in major adverse cardiovascular events (MACE) and in-hospital mortality in COVID-19 patients. ROC
analysis for baseline cTn T for predicting MACE (A) and in-hospital mortality (C). Kaplan-Meier survival curve analysis
for MACE, Log Rank (Matel-Cox) value = 0.000 (B) and in-hospital mortality, Log Rank (Matel-Cox) value = 0.000 (D).

and specificity 78.8%; area under the curve 0.84
(95% CI 0.77-0.90); and best cut-off value 0.029
ug/mL (Fig. 1C).

Kaplan-Meier survival analysis for MACE and
in-hospital mortality showed significant differences
between patients with a baseline ¢Tn T more than
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0.014 pg/mL for MACE and more than 0.029 ug/mL
for in-hospital mortality (X*[2] = 24.0, p < 0.001,
X?*[2] = 35.3, p < 0.001, respectively, Fig. 1B, D).

cTn T Kkinetics. Characteristics of groups
according to cTn T kinetics are detailed in Sup-
plemental Material Table 2.
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Table 2. Cox regression analysis for major adverse cardiovascular events (MACE) and for in-hospital
mortality in COVID-19 patients with constant cardiac troponin T (cTn T) profile and Cox regression
analysis for in-hospital mortality in COVID-19 patients with an ascending cTn T slope.

Parameter Univariable analysis Multivariable analysis

HR 95% ClI P HR 95% ClI P
MACE predictors in COVID-19 patients with constant ¢cTn T profile
Age 0.891 0.969-0.992  0.001 0.994 0.979-1.008  0.402
C-reactive protein 0.998 0.996-1.000 0.103 1.000 0.998-1.003  0.805
Neuthropil-lymphocyte ratio 0.964 0.933-0.997 0.035 1.011 0.969-1.054 0.615
Constant cTn T profile 3.133 2.140-4.589  0.000 3.080 1.914-4.954  0.000
History of diabetes mellitus 0.573 0.383-0.857 0.007 0.337 0.183-0.776  0.008
History of arterial hypertension 0.835 0.576-1.211 0.341 1.107 0.719-1.703  0.646
History of dyslipidemia 0.690 0.469-1.014  0.059 1.766 0.884-3.526  0.107
In-hospital mortality in COVID-19 patients with constant ¢cTn T profile
Age 0.983 0.972-0.994 0.003 0.999 0.986-1.012 0.854
C-reactive protein 0.999 0.997-1.001  0.154 1.000 0.998-1.002  0.991
Neutrophil-lymphocyte ratio 0.967 0.937-0.999 0.041 1.006 0.968-1.045 0.769
Constant cTn T profile 3.076 2.131-4.440  0.000 2.851 1.828-4.447  0.000
History of diabetes mellitus 0.598 0.408-0.877 0.009 0.690 0.462-1.030 0.070
In-hospital mortality in COVID-19 patients with an ascending ¢Tn T slope
Age 0.983 0.972-0.994 0.003 1.100 1.017-1.190  0.018
C-reactive protein 0.999 0.997-1.001  0.154 1.007 1.000-1.015  0.056
Neutrophil-lymphocyte ratio 0.967 0.937-0.999 0.041 1.045 0.957-1.142  0.327
Ascending slope 3.076 2.131-4.440  0.000 1.006 1.000-1.011  0.041
History of diabetes mellitus 0.598 0.408-0.877 0.009 0.629 0.141-2.811 0.544

Cl — confidence interval; HR — hazard ratio

Predictors of MACE and in-hospital mortality
according to ¢cTn T Kkinetics pattern

A constant ¢Tn T profile was independently as-
sociated with lower MACE and in-hospital mortality
rates comparing to the other two groups (p = 0.000,
HR 3.080, 95% CI 1.914-4.954, p = 0.000; HR
2.851, 95% CI 1.828-4.447, respectively).

Conversely, a positive ascending slope was
an independent predictor of in-hospital mortality
(p = 0.041, HR 1.006, 95% CI 1.000-1.011).

The univariable and multivariable Cox regres-
sion analyses for MACE and in-hospital mortality
are shown in Table 2.

Kaplan-Meier survival analysis for MACE
and in-hospital mortality, showed significant dif-
ferences between patients with a constant ¢Tn T
profile and other cTn T profiles, (X*[2] = 43.4,
p < 0.001, X*[2] = 41.9, p < 0.001, respectively,
Fig. 2A, B; 3).

Discussion

The main findings of this study were the fol-
lowing: 1) baseline ¢Tn T independently predicted
MACE and in-hospital mortality in COVID-19
hospitalized patients; 2) a constant cTn T profile
was independently associated with a lower risk
of MACE and in-hospital mortality; and 3) a rapid
increase of cTn T during hospitalization was associ-
ated with higher mortality rate but not with higher
MACE rate in hospitalized COVID-19 patients.

The characteristics of our study population are
similar to earlier reports [16]. Patients diagnosed
with COVID-19 are older, implicitly more fragile,
and have more cardiac risk factors, which pre-
dispose them to developing major cardiovascular
events [17-19].

Previous studies primarily focused on the role
of baseline ¢cTn T in predicting non-cardiac major
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Figure 2. Kaplan-Meier survival analysis on the role of constant troponin profile in major adverse cardiovascular
events (MACE) and in-hospital mortality in COVID-19 patients. Kaplan-Meier survival curve analysis for MACE, Log
Rank (Matel-Cox) value = 0.000 (A) and in-hospital mortality, Log Rank (Matel-Cox) value = 0.000 (B).

descending cTn T profile
MACE
cTn T<0.014pg/mL
ascendingeTn T profile
cTn T=0.014pg/mL constant cTn T profile No MACE

Figure 3. Alluvial plot illustrating the distribution of values of baseline cardiac troponin T (cTn T) in COVID-19 patients
divided into three kinetics profiles according on the values during hospitalization of cardiac troponin (ascending cTn T,
descending ¢cTn T, and constant ¢cTn T) and the association with major cardiovascular events. First column: patients
were divided into two groups based on the best cut-off value of baseline ¢cTn T of 0.014 ug/mL (green: ¢Tn T< 0.014
ug/mL, purple: ¢cTn T>0.014 ug/mL), which was shown as an independent predictor for major adverse cardiovascular
events (MACE). Second column: patients were separated into three cTn T kinetics profiles: ascending troponin profile
(orange), descending troponin profile (yellow), constant troponin profile (pink). Third column: Patients without MACE.
Patients with MACE.

events such as intensive care unit admission, need 10, 20]. Elevated cardiac biomarkers, especially
for invasive ventilation or extracorporeal mem- cardiac troponin, were identified in about 10% to
brane oxygenation, and in-hospital mortality [6, 7, 20% of hospitalized COVID-19 patients, especially
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in those with a more severe form of the disease
and non-survivors [21]. Both cardiovascular comor-
bidities and high values of cTn T were correlated
to higher morbidity and mortality in COVID-19
patients [21]. However, the small number or even
the complete absence of cTn T measurements at
baseline and during hospitalization were among the
most frequently encountered limitations of earlier
reports. Thus, data on the cardiac involvement
and potential mechanisms of myocardial injury in
COVID-19 are still scarce.

Possible mechanisms attributed to myocar-
dial damage and previously observed in other
viral infections such as influenza were: severe
inflammation, oxygen mismatch supply-demand,
thrombosis, and microvascular injury [6, 8, 22].
This is further supported by recent pathological
reports on the presence of severe acute respira-
tory syndrome-coronavirus-2 in heart specimens,
proving the cardiac tropism [23].

In the current study, elevated troponin levels
at baseline were linked not only to higher mortality
rates confirming the results of earlier reports [16],
but they also independently predicted major cardio-
vascular events, with a high sensitivity and specific-
ity. These findings emphasize the susceptibility to
myocardial injury related to COVID-19 infection.

Sandoval et al. [9] postulated that in addition
to baseline cTn T, stable concentrations of cTn T
over time convey a lower risk of cardiovascular
complications, such as myocarditis, pericarditis,
or acute coronary syndromes, whereas a more
in-depth approach is advised in patients with an
increase in ¢Tn T values in time. The present
study reinforces this statement, by showing that
a rapid increase of cTn T over a short period
of time was independently associated with in-
hospital mortality. The increase in cTn T values
may reflect the severity of myocardial injury and
may be linked to the amplitude of inflammatory
response [18, 21, 24].

In our cohort, higher values of C-reactive
protein were associated with increased ¢Tn T
values during hospitalization. Moreover, baseline
C-reactive protein was significantly associated
with both major endpoints, suggesting that inflam-
mation acts as a trigger for acute cardiac damage
and increases morbidity and mortality in these
patients [25].

These findings are further supported by previ-
ous studies on severe acute respiratory syndrome
(SARS) and Middle East respiratory syndrome
(MERS), which showed that an exaggerated im-
mune response with release of inflammatory cy-

tokines may cause myocardial damage with high
levels of cardiac biomarkers [26].

Interestingly, patients with constant troponin
values during hospitalization had lower rates of
death or major cardiovascular events, even though
they might have had elevated baseline cTn T.

This finding suggests that the increase incTn T
at admission might be caused by extra cardiac
factors, unrelated to cardiac events, supporting
the additional role of serial cTn T testing in these
patients [27, 28].

Nevertheless, worse outcomes were also at-
tributed to COVID-19 patients with cardiovascular
comorbidities and risk factors, such as arterial
hypertension, obesity, or diabetes mellitus [5, 29].
However, in the present study, no significant differ-
ences in terms of cardiac risk factors or pathologies
between cTn T groups according to cTn T kinetics
were found, except for diabetes mellitus. Nonethe-
less, it was not linked to higher mortality or major
cardiovascular events.

Hence, these results underline that the clini-
cal significance of serial testing in COVID-19
patients should not be overlooked, irrespective of
the presence of cardiovascular disease or risk fac-
tors. The findings of the present study emphasize
the additional role of troponin testing, not only
on admission, but also during hospitalization, for
a better risk stratification and an improved diag-
nostic pathway. Moreover, patients with cardiac
injury during hospitalization should be routinely
monitored for mid- and long-term outcomes, fol-
lowing COVID-19 infection.

Limitations of the study

This study has several limitations. This is
a single-center study with a limited number of
patients. It might be argued that cardiac troponin
was assessed in more severe forms of COVID-19.
Due to logistical restriction at the beginning of the
pandemic, some data regarding echocardiography,
cardiac magnetic resonance, or systematic meas-
urements of cardiac biomarkers were lacking in
some patients. Cardiovascular examinations were
performed in selected cases based on the clinical
and biological status of the patients, according to
current guideline recommendations to avoid the
risk of cross-infections [27, 30]. Therefore, serial
echocardiographic evaluation was not available in
all COVID-19 patients.

Nonetheless, patients who died were more
likely to have missing data, including serial cardiac
troponin testing. Thus, patients with incomplete
data were excluded from the final analysis.
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Also, in the present study less sensitive car-
diac troponin assays were used. However, the value
of troponin in distinguishing patients with worse
outcome was obvious.

Multicenter research on a larger population
with a standardized protocol is necessary to con-
firm our results.

Conclusions

Elevated c¢Tn T at admission independently
predicted MACE and in-hospital mortality in
COVID-19 hospitalized patients. Moreover, a rapid
increase in the value of cTn T was associated with
higher mortality rates.

Conversely, a constant cTn T profile was linked
to lower rates of MACE and in-hospital mortality.
These findings emphasize the additional value of
serial troponin testing in COVID-19 patients, for
risk stratification and improved diagnosis pathways
and management.

Conflict of interest: None declared
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Abstract

Background: The main purposes of this meta-analysis are to update the information about the impact
of coronavirus disease 2019 (COVID-19) pandemic on outcomes of in-hospital cardiac arrest (IHCA)
and to investigate the impact of being infected by by severe acute respiratory syndrome coronavirus type
2 (SARS-CoV-2) on IHCA outcomes.

Methods: The current meta-analysis is an update and follows the recommendations of Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA).

Results: In analyses, pre- and intra-COVID-19 periods were observed for: shockable rhythms in
17.6% vs. 16.2% (odds ratio [OR]: 1.11; 95% confidence interval [CI]: 0.71-1.72; p = 0.65), return of
spontaneous circulation (ROSC) in 47.4% vs. 44.0% (OR: 1.36; 95% CI: 0.90-2.07; p = 0.15), 30-day
mortality in 59.8% vs. 60.9% (OR: 0.95; 95% CI: 0.75-1.22; p = 0.69) and overall mortality 75.8%
vs. 74.7% (OR: 0.80; 95% CI: 0.49-1.28; p = 0.35), respectively. In analyses, SARS-CoV-2 positive
and negative patients were observed for: shockable vhythms in 9.6% vs. 19.8% (OR: 0.51; 95% CI:
0.35-0.73; p < 0.001), ROSC in 33.9% vs. 52.1% (OR: 0.47; 95% CI: 0.30-0.73; p < 0.001), 30-day
mortality in 77.2% vs. 59.7% (OR: 2.08; 95% CI: 1.28-3.38; p = 0.003) and overall mortality in 94.9%
vs. 76.7% (OR: 3.20; 95% CI: 0.98-10.49; p = 0.05), respectively.

Conclusions: Despite ROSC, 30-day and overall mortality rate were not statistically different in pre-
vs. intra-COVID-19 periods, a lower incidence of ROSC and higher 20-day mortality rate were observed
n SARS-CoV-2 (+) compared to SARS-CoV-2 (=) patients. (Cardiol ] 2021; 28, 6: 816-824)
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Introduction

The emergence of the world pandemic of
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) causing coronavirus disease 2019
(COVID-19) began in Wuhan, China in December
2019 [1-3]. In November 2021, respectively over
250 million confirmed cases and 5 million total
deaths were reported globally [4].

The COVID-19 manifests itself as an asymp-
tomatic or with a broad spectrum of features com-
monly regarding symptoms from the respiratory
system, including even severe respiratory failure or
death [5-7]. The most frequent symptoms involve:
fever, cough, and dyspnea then myalgia or rhinorrhea
[8-10]. In 14% of patients with pneumonia caused
by SARS-CoV-2 hospitalization is required [5]. Sub-
sequently in 15% of patients with initially severe
outcomes of COVID-19 multi-organ failure or acute
respiratory distress syndrome may occur [6, 11].

Nevertheless, the coexistence of chronic
conditions from other systems such as: diabetes
mellitus, hypertension, obstructive pulmonary
disease, cardiovascular diseases or even obesity
was related with worse predictions [8, 12-14].

To date a specific treatment has not been discov-
ered [15]. However, the vaccinations may contribute
to limiting the spread of SARS-CoV-2 [16, 17].

Research of the literature presented on the
mortality rate in intensive care units may be higher
than 35% and according to this data, in-hospital
cardiac arrest (IHCA) is described to be the main
factor of this score [18, 19]. The IHCA prior to and
throughout the COVID-19 pandemic was higher in
number, but indistinguishable in outcomes [20].
The survival rate in intra-hospital cardiac arrest
was much higher than in out-of-hospital cardiac
arrest (OHCA) [20]. Moreover, as pointed out by
Shao et al. [18] the survival of patients with non-
shockable rhythms is below 0.8%. This is more
disturbing, as cardiac arrests in COVID-19 patients
occur much more often resulting from a respiratory
failure mechanism than in patients with negative
COVID-19 results [21, 22]. Because of the risk of
SARS-CoV-2 infection, resuscitation of a patient
with suspected or confirmed COVID-19 should be
carried out using personal protective equipment
(PPE) [23, 24]. However, as shown by many studies
[25, 26], the use of PPE for aerosol generating pro-
cedures (AGPs) may adversely affect the quality of
chest compression. In order to improve the quality
of the conducted resuscitation, Malysz et al. [27]
compared two techniques of manual chest compres-
sion — demonstrating that paramedics wearing

Karol Bielski et al., In-hospital cardiac arrest in COVID-19

PPE-AGP achieved better chest compression depth
for over-the-head position compared to the stand-
ard chest position, however, over-the-head position
resuscitation causes a lower full chest relaxation.
It is therefore reasonable to use mechanical chest
compression systems during resuscitation of
a patient with COVID-19, both in pre-hospital and
inpatient settings, which allow for standardization
of chest compressions even during prolonged car-
diopulmonary resuscitation [28].

The primary aim of this systematic review
and meta-analysis is to assess the impact of the
COVID-19 pandemic on outcomes due to IHCA.
The secondary aim is to investigate the effect of
SARS-CoV-2 infection of IHCA outcomes during
the COVID-19 period.

Methods

The current systematic review and meta-
analysis follows the recommendations of Preferred
Reporting Items for Systematic Reviews and Meta-
-Analyses (PRISMA) guidelines for conducting and
reporting its results [29]. A protocol of this meta-
-analysis has not been registered. Ethical approval
and consent were waived because this study was
a systematic review and meta-analysis of published
literature. This meta-analysis is an update of the
analysis previously published by the authors [20].

Methodology of systematic review and meta-
-analysis was described in a previous article [20].
The primary outcome was overall mortality. Sec-
ondary outcomes were return of spontaneous
circulation (ROSC) as well as 30-day mortality.

The polled analysis was performed using Rev-
Man 5.4 software (The Nordic Cochrane Center,
Copenhagen, Denmark), using the odds ratio (OR)
with 95% confidence interval (CI) for dichotomous
outcomes, and the mean difference (MD) with 95%
CI for continuous outcomes. When the continuous
outcome was reported in a study as median, range,
and interquartile range, means and standard devia-
tions were estimated using the formula described
by Hozo et al. [30]. A quantified heterogeneity in
each analysis utilized the tau-squared and I-squared
statistics. Heterogeneity was detected with the
chi-squared test with n — 1 degree of freedom,
which was expressed as I. Values of I’ > 50% and
> 75% were considered to indicate moderate and
significant heterogeneity among studies, respec-
tively. A random-effects model was used to pool
study results independently of the p-value for het-
erogeneity or I” [31]. All p values were two-tailed
and considered significant if < 0.05.

www . cardiologyjournal.org 817



Cardiology Journal 2021, Vol. 28, No. 6

Records removed before screening:

Duplicate records removed (n = 481)

Records excluded based on the

Y

titles and abstracts screenng
(n=1,217)

Reports not retrieved

\

(n=0)

Reports excluded:
— Without required outcome (n = 14)

=
S
= Records identified from:
= Databases (n = 1,733)
=
S v
Records screened
(n=1,252)
v
2
= Reports sought for retrieval
o (n=35)
&
v
Reports assessed for eligibility
(n=35)
A
=
= RCT’s included in review
=
£ =7

— Non-comparative (n = 11)
— Unusable results (n = 3)

Figure 1. Flow diagram showing stages of the database search and study selection as per Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines; RCT — randomized controlled trials.

Results

Characteristics of studies included
in the meta-analysis

A total of 1,733 articles were identified from
the Medline (PubMed), Embase, Cochrane library,
and a manual search as described above. After
excluding duplicates, 1,252 articles remained.
In the next step (screening the titles and ab-
stracts of all retrieved articles), 1,217 articles
were excluded. Thereafter, the full text was re-
viewed, and 28 studies were excluded because
they contained pediatrics, which does not present
a comparative group, report unusable results or
were reviews or meta-analyses. Finally, 7 stud-
ies published from 2020 to 2021 including 3,049
IHCA patients were included in this meta-analysis
(Fig. 1) [32-38]. Detailed characteristics of the
studies included in the meta-analysis are presented
in Table 1.

Five studies reported IHCA outcomes in pre-
vs. intra-COVID-19 periods [32, 34-37] and 3 in
COVID-19 period, dividing participants as SARS-
CoV-2 positive vs. negative patients [33, 36, 38].

Each study was then screened for risk of bias and
methodological quality using the Cochrane Collaho-
ration tool for assessing the risk of bias (Figs. 2, 3).

Analyses in pre- vs. intra-COVID-19 periods

Patient age in the pre- vs. intra-COVID-19
periods varied and amounted to 71.6 = 13.3 vs.
69.9 + 14.4 years, respectively (MD: 0.62; 95% CI:
—0.71to0 1.95; p = 0.36). Characteristics of patients
with THCA in pre vs. intra-COVID-19 periods and
resuscitation process are presented in Table 2.

Shockable rhythms were observed in 17.6%
of cases in the pre-COVID-19 period compared to
16.2% for the in COVID-19 period (OR: 1.11; 95%
CI: 0.71-1.72; p = 0.65).

Five studies reported ROSC in pre- vs. intra-
-COVID-19 periods. Polled analysis of ROSC varied
and amounted to 47.4% vs. 44.0%, respectively
(OR: 1.36; 95% CI: 0.90-2.07; p = 0.15).

Thirty-day mortality was observed in 1 study
and was 59.8% for pre-COVID-19 period compared
to 60.9% for COVID-19 period (OR: 0.95; 95% CI:
0.75-1.22; p = 0.69). In turn, overall mortality was
indicated in 5 studies, and was occurring 75.8%
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Table 1. Participant characteristics in included trials.

COVID-19 period

Pre-COVID-19 period

Country

Study

COVID-19 positive patients COVID-19 negative patients

Total

Sex, female

Age Sex, female No. Age
66.8
(15.5%)

66.4

Age Sex, female No. Age Sex, female No.
450
(13.1%)

No.

148
(44.3% %)

334

179
(39.8%)

USA

Aldabagh et al. 2021

NS
43
(34.4%)

NS
66.8
(3.2%)

17
125

NS
50
(42.7% %)

NS
66.3
(3.5%)

10

Singapore

Lyu et al. 2021

117

USA

Miles et al. 2020

33
(35.5%)

93 67.8
(3.5%)

24
(28.6% %)

69.8
(3.5%)

84

Germany

Roedl et al. 2021

93
(32.6%)

285 67.0
(20.8%)

23
(31.9%)

72 67.8
(13.0%)

197
(35.9%)

548 67.8
(18.9%)

205
(38.5% %)

70.1

(18.2%)

532

Sweden

Sultanian et al. 2021

113

267 76.3
(3.2%)

122

75.8
(3.2%)

362

China

Tong et al. 2021

22
(40.0%)

68.9
(5.9%)

55

69.8
(3.8%)

55

29
(26.4%)

110

USA

Yuriditsky et al. 2020

(12.7%)

NS — not specified
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for pre-COVID-19 period compared to 74.7% for
COVID-19 period (OR: 0.80; 95% CI: 0.49-1.28;
p = 0.35).

Analyses in SARS-CoV-2 positive
vs. negative patients

Mean age among IHCA patients with SARS-
-CoV-2 positive and negative amounted to 66.9 +
+ 12.5 vs. 67.1 = 17.5 years respectively (MD:
0.37; 95% CI: -0.93 to 1.67; p = 0.57). Shockable
rhythms in the group of patients with confirmed
SARS-CoV-2 were observed in 9.6% of cases
and it was statistically significantly lower than
in the group of patients with negative results of
the SARS-CoV-2 test (19.8%; OR: 0.51; 95% CI:
0.35-0.73; p < 0.001). Detailed characteristics
of the patients and the resuscitation process are
presented in Table 3.

The ROSC in the SARS-CoV-2 positive pa-
tients was observed in 33.9% of IHCA cases which
was statistically significantly less than with SARS-
CoV-2 negative patients — 52.1% (OR: 0.47; 95%
CI: 0.30-0.73; p < 0.001). 30-day mortality in the
case of SARS-CoV-2 positive vs. negative patients
varied and amounted to 77.2% vs. 59.7% (OR: 2.08;
95% CI: 1.28-3.38; p = 0.003). A similar trend was
observed for overall mortality, but it was not statis-
tically significant (94.9% vs. 76.7%, respectively;
OR: 3.20; 95% CI: 0.98-10.49; p = 0.05).

Discussion

In this meta-analysis outcomes were com-
pared of IHCA during the COVID-19 pandemic
to outcomes of IHCA that happened before the
SARS-CoV-2 outbreak. Depending on the study,
primary outcomes were defined differently. Some
considered actual survival to that predicted by
the GO-FAR score which is a validated prediction
model for determining survival following IHCA [33,
36, 38]. Other studies considered ROSC, which was
defined as sustained ROSC or palpable pulse that
lasted over 20 min and did not require cardiopul-
monary resuscitation to be performed [38].

Contradictory to the results of our previous
meta-analysis which showed no significant impact
of COVID-19 pandemic to survivability ratio, most
studies that we analyzed now show that the rate of
survival is lower during the COVID-19 pandemic
than in the pre-pandemic period. It was observed
in a cohort study performed by Lyu et al. [32] that
IHCA was more commonly observed during the
ongoing pandemic and, what is more important,
the survivability ratio in patients that underwent
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Figure 3. A plot of the distribution of review authors’ judgements across randomized studies for each risk of bias item.

IHCA had decreased. This corresponds to a study
performed by Miles et al. [34] in which there is
statistically significant difference of survival rate
of patients who suffered from IHCA during the
COVID-19 pandemic and before the COVID-19
pandemic (3% vs. 13%; p = 0.007). Studies that
consider both OHCA and IHCA reveal that during
the pandemic phase, no less than 10% of all OHCAs
and 16% of IHCAs were caused by SARS-CoV-2
infection. In these cases, mortality was higher,
accordingly 3.4-fold in OHCA cases, and 2.3-fold
in IHCA cases.

Sometimes results were ambiguous, as in the
case of Yuriditsky et al. [38] where SARS-CoV-2
infection status did not bear any significance while
considering ROSC as well as 30-day survivability
rate. In comparison to some earlier publications,

ROSC and 30-day survival was greater in ITHCA
that happened in COVID-19.

In some instances, such as in an analysis per-
formed by Roedl et al. [35] even though the pandem-
ic caused a decrease in number of hospital admis-
sions, the incidence of IHCA was amplified and was
occurring frequently in patients with COVID-19.
Interestingly, contrary to other studies that are
presented in the present meta-analysis, while
compared to patients with non-COVID-19-related
respiratory failure, the outcome was improved.

An interesting result comes from Tong et
al. [37], which states that even after regulating
for decreased comorbidity and elevated time to
resuscitation team arrival, under the pandemic
circumstances, ROSC in IHCA was hugely affected
and its rate was considerably lower. It is worth
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Table 2. Polled analysis of in-hospital cardiac arrest (IHCA) characteristics among pre- vs. intra-corona-
virus disease 2019 (COVID-19) periods.

Parameter No. of Events Events Heterogeneity P-value
studies between trials for

differences
Pre-COVID-19 COVID-19 OR 95% CI P-value I° statistic across

period period groups
Female sex 4 36.6% 37.4% 0.95 0.68-1.32 0.04 63% 0.76
IHCA location:
ICU 3 24.7% 17.5% 193 1.05-3.56 0.01 77% 0.03
ED 2 12.2% 17.1% 0.73 0.42-1.27 0.12 60% 0.27
Ward 3 39.0% 40.6% 0.58 0.58-2.49 < 0.001 95% 0.46
Comorbidities:
Hypertension 1 58.3% 74.2% 0.49 0.26-0.92 NA NA 0.03
CAD 2 25.3% 11.1% 2.69 2.00-3.63 0.38 0% < 0.001
Diabetes 3 25.6% 16.4% 1.51 0.79-2.88 0.008 79% 0.21
Cancer 3 15.7% 10.8% 1.44 0.65-3.22 0.004 82% 0.37
Previous Ml 2 13.3% 5.5% 284 1.18-6.80 0.28 13% 0.02
CKD 2 28.4% 27.5% 1.01 0.60-1.70 0.25 24% 0.96
Etiology:
RI 2 9.7% 19.5% 0.31 0.03-3.51 < 0.001 98% 0.34
Acute Ml 2 17.6% 6.4% 3.14 2.16-456 0.55 0% < 0.001
Acute HF 1 3.4% 2.4% 1.44 0.32-6.57 NA NA 0.64
Stroke 2 0.2% 0.6% 0.35 0.05-2.20 0.99 0% 0.26
Sepsis 2 10.8% 4.6% 3.34 2.04-548 0.77 0% < 0.001
Witnessed arrest 2 76.0% 75.1% 1.13 0.90-1.42 0.83 0% 0.28
Shockable rhythm 5 17.6% 16.2% 1.11  0.71-1.72  0.10 48% 0.65
ALS treatment:
Defibrillation 2 32.1% 28.9% 0.83 0.29-2.35 0.004 88% 0.72
Intubation 2 48.8% 41.2% 1.37 1.10-1.70 0.74 0% 0.005
MV 3 61.0% 49.1% 1.42 0.82-2.45 0.01 77% 0.22
Adrenaline 2 67.3% 67.9% 0.97 0.74-1.29 0.31 3% 0.86
Antiarrhythmics 2 13.9% 10.8% 1.32 0.95-1.84 0.88 0% 0.10
MCC 2 12.8% 10.8% 1.27 0.80-2.01 0.27 19% 0.31
TT™ 2 7.1% 5.3% 1.82 0.54-6.07 0.04 76% 0.33
ECPR 1 6.0% 4.3% 1.41 0.37-5.43 NA NA 0.33
Outcomes
Cardiac re-arrest 2 25.4% 17.9% 1.61 0.89-2.89 0.23 32% 0.11
ROSC 5 47.4% 44.0% 1.36 0.90-2.07 0.007 71% 0.15
30-day mortality 1 59.8% 60.9% 0.95 0.75-1.22 NA NA 0.69
Overall mortality 5 75.8% 74.7% 0.80 0.49-1.28 0.06 55% 0.69

ALS — advanced life support; CAD — coronary artery disease; CKD — chronic kidney disease; Cl — confidence interval; ECPR — extracor-
poreal cardiopulmonary resuscitation; ED — emergency department; HF — heart failure; ICU — intensive care unit; MCC — mechanical chest
compression; Ml — myocardial infarction; MV — mechanical ventilation; NA — not applicable; OR — odds ratio; Rl — respiratory failure;
ROSC — return of spontaneous circulation; TTM — targeted temperature management

mentioning is that even patients who were not According to Aldabagh et al. [33] people suffer-
directly suffering from SARS-CoV-2 infection were ing from COVID-19 are more prone to be more seri-
also affected by the new resuscitation practice that ously affected by IHCA. Even the GO-FAR score
was implemented in IHCA cases. underestimates the seriousness of SARS-CoV-2 in-
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Table 3. Polled analysis of in-hospital cardiac arrest (IHCA) characteristics among severe acute respira-
tory syndrome coronavirus type 2 (SARS-CoV-2) positive vs. negative groups.

Parameter No. of Events Events Heterogeneity P-value
studies between trials for
differences
SARS-CoV-2 SARS-CoV-2 OR 95% Cl P-value [ statistic across
positive negative groups
Female sex 3 36.2% 39.0% 0.65 0.35-1.21 0.02 73% 0.17
IHCA location:
ICU 3 36.4% 27.4% 1.69 0.62-4.56 < 0.001 86% 0.30
ED 3 13.0% 10.3% 1.55 1.05-2.27 0.36 2% 0.03
Ward 3 47.5% 46.3% 0.76 0.44-1.33 0.04 70% 0.34
Comorbidities:
Hypertension 2 75.0% 69.2% 1.33 0.99-1.79 0.76 0% 0.06
CAD 3 19.2% 27.7% 0.34 0.14-0.84 0.008 79% 0.02
Diabetes 3 49.9% 26.6% 140 0.67-2.90 0.01 78% 0.37
Cancer 2 4.7% 7.4% 0.40 0.03-5.50 0.02 80% 0.50
Previous Mi 1 1.4% 7.0% 0.58 0.17-1.99 NA NA 0.38
CKD 1 9.1% 30.9% 0.22 0.08-0.66 NA NA 0.007
Etiology:
RI 1 12.5% 5.3% 2.57 1.08-6.14 NA NA 0.03
Acute MI 2 1.4% 8.2% 0.16 0.04-0.65 0.97 0% 0.01
Stroke 1 1.4% 0.8% 1.99 0.18-22.29 NA NA 0.58
Sepsis 1 0.0% 1.4% 0.43 0.02-8.10 NA NA 0.57
Witnessed arrest 1 76.4% 82.8% 0.67 0.36-1.25 NA NA 0.21
Shockable rhythm 3 9.6% 19.8% 0.51 0.35-0.73 0.62 0% < 0.001
ALS treatment:
Defibrillation 1 20.8% 30.2% 0.61 0.33-1.13 NA NA 0.12
Intubation 1 48.6% 39.6% 1.44 0.86-2.42 NA NA 0.17
MV 1 27.8% 49.1% 0.40 0.23-0.70 NA NA 0.001
Adrenaline 1 68.1% 61.8% 1.32 0.76-2.29 NA NA 0.32
Antiarrhythmics 1 8.3% 11.9% 0.67 0.27-1.67 NA NA 0.39
MCC 1 8.3% 11.6% 0.69 0.28-1.73 NA NA 0.43
TT™ 1 0.0% 1.1% 0.56 0.03-10.90 NA NA 0.70
Outcomes
ROSC 33.9% 52.1% 0.47 0.30-0.73 0.32 1% < 0.001
30-day mortality 77.2% 59.7% 2.08 1.28-3.38 0.85 0% 0.003
Overall mortality 94.9% 76.7% 3.20 0.98-10.49 0.02 73% 0.05

ALS — advanced life support; CAD — coronary artery disease; CKD — chronic kidney disease; Cl — confidence interval; ED — emergency
department; ICU — Intensive Care Unit; MCC — mechanical chest compression; Ml — myocardial infarction; MV — mechanical ventilation;
NA — not applicable; OR — odds ratio; Rl — respiratory failure; ROSC — return of spontaneous circulation; TTM — targeted temperature

management

fection and the rate of survival to hospital discharge
is remarkably lower than in non-COVID-19 patients.
In the current article, it is suggested that all these
findings might be reasonably helpful in educating
patients as well as healthcare professionals about
risk factors that coincide with SARS-CoV-2 infection
and may be useful in establishing new standards of
treatment and the setting of code status designation.

Limitations of the study

There are several limitations to this review.
Firstly, there is the small number of studies in-
cluded in the meta-analysis, however, compared to
the author’s previous study, the number of patients
included in the analysis was increased from 1,609 to
3,049 IHCA patients. The second limitation is the
fact that in 4 studies, the authors truthfully point
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to IHCA data during the COVID-19 period, but do
not classify these patients as SARS-CoV-2 positive
and negative patients [32, 34, 35, 37].

Conclusions

In conclusion, in pre- vs. intra-COVID-19 peri-
ods no statistical difference was observed in ROSC,
30-day or overall mortality rate. However, during
the COVID-19 pandemic, a positive SARS-CoV-2
result was associated with a lower incidence of
ROSC and a higher 30-day mortality rate compared
to SARS-CoV-2 negative patients.
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Abstract

Background: The NAUTILUS study aimed to evaluate the safety and performance of the Allegra
bioprosthesis in high-risk recipients undergoing transcatheter aortic valve implantation and previously
reported 30-day outcomes. In the current investigation 1-year results of the trial are presented.
Methods: Twenty-seven recipients with severe, symptomatic aortic valve stenosis at high surgical risk,
who underwent treatment using the next-generation self-expanding Allegra via transfemoral approach
were prospectively enrolled. Clinical endpoints assessed were: mortality, stroke, permanent pacemaker
implantation, New York Heart Association class and re-hospitalizations. Prosthetic valve performance
evaluation comprised of: mean gradient, effective orifice area and paravalvular leak.

Results: Patients were elderly (82.8 + 4.2 years) and predominantly female (n = 19, 70.4%). All of
them were deemed to be at high surgical risk with a mean logistic EuroSCORE of 12.5 + 6.7. The
bioprosthesis was successfully implanted in 92.6% of the cases (n = 25). At 1-year; all-cause mortality
was 12.0% (n = 3) and stroke was 4.0% (n = 1). Three (12%) of patients developed complete atrioven-
tricular block and received permanent pacemakers. 84% of patients were in New York Heart Associa-
tion class II or lower. Need for subsequent hospitalization arose in 48% patients. The echocardiographic
assessment confirmed an acceptable hemodynamic profile of the Allegra with low mean transprosthetic
gradient (9.5 = 3.4 mmHg), absence of severe paravalvular leak and a 20%-presence of moderate
paravalvular leak.

Conclusions: The current follow-up observation study shows that the Allegra was associated with
a satisfactory safety profile and hemodynamic performance at 1-year after implantation. (Cardiol J
2021; 28, 6: 825-830)
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Introduction

Since its introduction by Cribier in 2007 [1],
transcatheter aortic valve implantation (TAVI) has
complemented surgical aortic valve replacement
(SAVR) in patients with severe symptomatic aor-
tic valve stenosis (AVS). This minimally invasive
technique at first presented an opportunity to treat
inoperable individuals and ultimately has become
common and standard in higher-risk patients. The
Allegra TAVI System (NVT, Germany) bioprosthe-
sis is a next-generation, self-expanding device,
dedicated for TAVI and is designed to overcome the
limitations of first-generation systems including
firstly, paravalvular leak (PVL) and the necessity
for permanent pacemaker implantation (PPI). The
first-in-human clinical trial with implantations of the
Allegra took place in 2013 by Wenaweser et al. [2].
To date, several conducted studies showed encour-
aging short-term outcomes in treating patients
with severe aortic native valve stenosis using New
Valve Technology (NVT) devices [2—4], but longer-
term results are lacking. Herein, are presented
1-year single-center results with the Allegra.

Methods

NAUTILUS (NVT trAnsfemoral mU]Iticentric
aorTIc valve pivotaL stUdy for Safety and effective-
ness — DRKS00006042) is a single-arm clinical
study conducted at 8 centers in 3 countries (Swit-
zerland, Poland, and Brazil), designed to assess
the safety and performance of the Allegra and, as
it has been described in detail before, along with
implantation protocol [3].

In brief, we previously reported on a single-
-center’s early outcomes with the Allegra (Suppl.
Fig. 1) implanted in 26 patients accepted by the
Heart Team to undergo transfemoral TAVI. All
patients suffered from severe, symptomatic AVS
and met the NAUTILUS eligibility criteria. The
main inclusion criteria were: 1) age > 75 years;
2) symptomatic (New York Heart Association
[NYHA] class II or greater), severe degenerative
native aortic stenosis (mean transvalvular pressure
gradient > 40 mmHg and/or aortic jet velocity
> 4.0 m/s and/or aortic valve area of < 1.0 cm* [or
aortic valve area index < 0.6 cm’/m”]); 3) high risk
for surgical aortic valve replacement with a logistic
EuroSCORE > 20% or documented agreement of
the Heart Team that the patient is at high risk for
surgery due to frailty and/or coexisting comorbidi-
ties. Amongst others, the protocol defined exclu-
sion criteria comprised: 1) unicuspid or bicuspid

valve disease; 2) non-calcified aortic valve disease;
3) mixed valve disease with predominant aortic
regurgitation greater than 3+ or with associated
severe (greater than 3+) mitral regurgitation;
4) aortic annulus size < 19 mm or > 29 mm;
5) type of femoral access, or any other anatomical
conditions that prevented the safe placement of an
18 French introducer sheath and manipulation of
the TAVI system (e.g. severe femoral-iliac obstruc-
tive calcification or tortuosity).

Patients were followed-up for 1 year. Written
informed consent was obtained from each partici-
pant. The study was approved by the local ethics
committee.

The data for the clinical trial was collected
prospectively in an outpatient setting by using
a dedicated electronic case report form. End points
in the analysis included all-cause mortality, stroke,
PPI, re-hospitalizations, re-hospitalizations for
cardiovascular causes. Most patients underwent
transthoracic echocardiography. Hemodynamic
prosthesis performance assessment included mean
pressure gradient, effective orifice area, presence
and grade of PVL. Continuous variables are pre-
sented as mean * standard deviation. Categorical
variables are given as frequencies and percentages
and were compared by the Fisher exact test. A two-
-sided p-value < 0.05 was considered statistically
significant if applicable. Statistical analysis was
performed using STATISTICA 12.0 PL (StatSoft).

Results

Baseline characteristics of the study group
is listed in Table 1. The patients’ population was
elderly with a mean age of 82.8 = 4.2 years, 70.4%
were female and the mean logistic EuroSCORE
was 12.5 *= 6.7. Twenty-six patients were im-
planted with the Allegra valve. The procedure
was successfully completed in 25 (92.6%) of them.
One individual required open-heart aortic valve
replacement due to dislocation of the prosthesis
into the left ventricle. The patient selection pro-
cess and reasons for exclusion of proportions of
them are described in Supplementary Figure 2.
Mean follow-up was 12.4 + 2.3 months. Three
(12%) patients died within the study period. Stroke
was recorded in 1 (4%) individual. Three (12%)
recipients developed complete atrioventricular
block and received permanent pacemakers. Last-
ing improvement in patients’ functional class was
noted (Fig. 1). Most individuals (84%) were in
IT or less NYHA class. Twelve patients (48%)
needed rehospitalization during follow-up period.
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Table 1. Baseline characteristics and parameters
(n = 27).

Table 2. Clinical outcomes and adverse events at
1-year follow-up (n = 25).

Age [years] 82.8 + 4.2
Male 8 (29.6%)
Female 19 (70.4%)
Logistic EuroSCORE [%] 125 + 6.7
Hypertension 22 (81.5%)
Diabetes 14 (51.8%)
COPD 5 (18.5%)
Coronary artery stenosis > 50% 2 (7.4%)
Previous myocardial infarction 7 (25.9%)
Previous coronary surgery 4 (14.8%)
Previous coronary angioplasty 12 (44.4%)
Previous stroke or TIA 1(3.7%)
Creatinine clearance (< 60 mL/min) 7 (25.9%)
NYHA:

I 0 (0%)

Il 3 (11.1%)

I 23 (85.2%)

v 1(3.7%)
Conduction disorders (LBBB, RBBB, AVB) 2 (7.4%)
Pre-existing permanent pacemaker 3(11.1%)
Aortic valve insufficiency (> mild) 11 (40.7%)
Mitral valve insufficiency (> mild) 18 (66.7%)

AVB — atrioventricular block; COPD — chronic obstructive pulmo-
nary disease; LBBB — left bundle branch block; NYHA — New York
Heart Association functional class; RBBB — right bundle branch
block; TIA — transient ischemic attack

100%-
’ 0% B NYHA IV

16.0% ILELNGAYT
O NYHAI
I NYHAI

90%-
80%-
70%-
60%-
50%-
40%-

Proportion of patients

30%-
20%-
10%-

0%
Baseline 1-year

(n = 27)

Figure 1. New York Heart Association (NYHA) functional
class at baseline and after 1 year of follow-up.

All-cause mortality 3(12%)
Cardiovascular mortality 3 (12%)
Myocardial infarction 0 (0%)
Stroke and/or TIA 1 (4%)
Minor bleeding 1(4%)
Renal failure 1 (4%)
Vascular complication 0 (0%)
Sepsis 2 (8%)
Endocarditis 0 (0%)
Permanent pacemaker implantation 3 (12%)
Valve-related dysfunction requiring 0 (0%)
repeat procedure
NYHA:
| 1 (4%)
Il 20 (80%)
1] 4 (16%)
\Y 0 (0%)
Readmission 12 (48%)
Cause of readmission
Cardiovascular:
CHF exacerbation 2 (8%)
Hypertension 2 (8%)
Complete AVB 1 (4%)
Supraventricular arrhythmia 1 (4%)
Stroke 1 (4%)
Other:
Sepsis 1 (4%)
Delirium 1(4%)
Dehydration 1 (4%)
Bronchitis 1(4%)
Infection of the wound 1 (4%)

AVB — atrioventricular block; CHF— chronic heart failure; NYHA —
New York Heart Association; TIA — transient ischemic attack

Seven individuals (58%) had cardiovascular rea-
son for subsequent hospital stay, but none was
prosthesis-related. The cardiovscular causes were:
chronic heart failure exacerbation in two patients,
hypertension in another two, complete atrio-
-ventricular block, supraventricular arrhythmia
and stroke (Table 2).

The echocardiographic assessment on follow-
up showed excellent hemodynamic performance.
The study group had a low mean transprosthetic
gradient (9.5 = 3.4 mmHg) and suitable effective
aortic orifice area (1.48 = 0.39 cm?). The major-
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Figure 2. Analysis of mean transprosthetic gradient and aortic valve area (AVA) before and after transcatheter aortic

valve implantation.
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Figure 3. Analysis of paravalvular leak in observations.

ity of patients (80.0%) had only mild or less PVL,
while 20% moderate and 0% severe were noted.
Figures 2 and 3 present changes of prosthetic aor-
tic valve area, mean transprosthetic gradient and
paraprosthetic leak in the study population during
observation.

Discussion

The current study is the single-center experi-
ence of the next-generation, self-expanding, tran-

scatheter and transfemoral Allegra bioprosthesis
and, according to available research, is the only one
that presents outcomes in long-term follow-up. The
study revealed a favorable valve hemodynamic pro-
file with low transvalvular gradient and no severe
PVLs. Three deaths, one cerebrovascular incident,
as well as a low rate of permanent pacemaker im-
plantation (12%) were recorded during the follow-
up period. Twelve patients needed subsequent
hospitalization.

The study revealed no severe PVL. However,
20% moderate and 50% mild PVLs occurred in the
Allegrarecipients at 1-year. Only two transcatheter
devices were commercially available within the
initial few years after the first procedure: the self-
-expandable CoreValve (Medtronic, USA) and the
balloon-expandable Sapien (Edwards Lifesciences
Corporation, USA). Early-generation transcath-
eter valves, despite providing good clinical out-
comes, were not free from shortcomings such as
a high rate of conduction abnormalities demanding
PPI, vascular complications or more importantly
a higher incidence of PVL, which was consequently
associated with increased late mortality and higher
rate of other adverse clinical incidents as com-
pared to SAVR [5, 6]. Several potential causes
of PVL such as severe native valve calcification,
suboptimal artificial valve sizing, positioning and
deployment, and prosthesis construction itself are
universally reported across available literature. To
minimize these shortcomings technological innova-
tions, with respect to both delivery systems and
the valve itself were developed in next-generations
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devices, including the Allegra. The outer part of
the valve’s stent is covered by 12-mm bovine peri-
cardial sealing skirt reducing the risk of significant
paravalvular leak. The NVT system is able to re-
position and retrieve the prosthesis in case of mal-
position or a suboptimal result. The Allegra valve
has features allowing for very precise positioning.
The presence of radiopaque markers in the delivery
system as well as at the transition between the
annular skirt and the bottom of the leaflets mark-
edly facilitates the procedure, by enabling direct
and clear visualization of the optimal implantation
height and the limits of the sealing skirt.

A different grade of PVL was a common com-
plication of early-generation TAVI devices and was
associated with worse survival [7, 8]. Moreover,
long-term follow-up data suggested that even mild
paravalvular regurgitation was associated with in-
creased late mortality with the balloon-expandable
Sapien [5] and with the self-expandable CoreValve,
early-generation valves [9, 10]. Moderate to severe
PVL occurred in 7.8% of CoreVale implantations
and mild paravalvular aortic regurgitation was
reached in one-third of cases in 1-year observation
by Adams et al. [11] as well as 4.2% and 29.1%,
respectively, in a study by Popma et al. [12]. The
next iteration of the Medtronic valve, the Evolut R,
was associated with 1.2% of moderate PVL at
1-year observation by Manoharan et al. [13].
Newer-generation, self-expanded the Acurate neo
(Boston Scientific) in study by Mauri et al. [14]
presented no severe, 3.9% moderate and 47.1%
mild PVL at 1-year follow-up.

Popma et al. [12] revealed that the frequency
of moderate or severe PVL was lower 12 months
after CoreValve TAVI (4.2%) than at discharge
(10.7%). Oh reported 83% of CoreValve recipients
have at least one degree of regression in PVL dur-
ing 1-year follow-up [15]. Structural properties of
nitinol-based frame are probably the explanation
of this phenomenon. Progressive expansion of
the self-expanding valve improved paravalvular
sealing. Results of the current study confirm the
trend of decreasing PVL frequency over time, but
only concerning mild PVL.

The overall risk of the early permanent atrio-
ventricular conduction disturbances and need
for PPI following TAVI procedures varies, but
remains around 17% [16]. In comparison to the
balloon-expandable valves, the self-expandable
TAVI prostheses have a slightly higher rate of
postprocedural atrio-ventricular conduction block
requiring pacemaker implantation (28%) [17, 18].
In our study only 12% of patients required PPI in

longer follow-up compared to 8% in 30-day ob-
servation. In comparison to other self-expandable
older and newer-generation prostheses. This is
a very promising result. Adams et al. [11] and
Popma et al. [12] reported 22.3% and 26.2% need
of PPI for CoreValve, Manoharan [13] 19.7% for
Evolut R recipients in 1-year. Such a good result
may be related to a high valve implantation facili-
tated by refined deployment technology and the
Allegra design. However, it seems atrio-ventricular
conduction disturbances revealed a month after the
procedure are rather not related to TAVI.

The effect of PPI on long-term outcomes after
TAVI remains inconclusive [19, 20]. Post-TAVI
PPI was reported as an independent predictor of
1-year mortality [19] and was also associated with
alonger duration of hospitalization and higher rates
of re-hospitalization at 1 year [21]. In contrast, an
analysis including more than 1500 TAVI procedures
the need for PPI did not increase overall mortality,
cardiovascular death or re-hospitalization for heart
failure within 2 years [22]. Moreover, Engborg et
al. [23] reported even higher survival rate in TAVI-
-patients with a permanent pacemaker implanted.

The present study revealed 12% of mortality.
In the article by Adams et al. [11] as well as by
Popma et al. [12] concerning 1-year results after
TAVI utilizing the early-generation self-expandable
CoreValve, mortality was estimated at 13.9% and
24.3%, respectively. With regards to the next-
generation devices, Manoharan et al. [13] reported
8.9% of mortality among Evolut R self-expandable
prosthetic valve recipients at high or greater surgi-
cal risk. In turn, Barth et al. [24] and Mauri et al.
[14] in studies with the self-expandable Acurate
neo implanted in the high surgical risk patients
revealed 16.9% and 8.3% mortality ratios in 1-year
observations, respectively.

In the current investigation, despite a disturb-
ingly high rate of moderate and mild PVL, mortality
remains low, lower than recorded in early genera-
tion self-expandable valves and is comparable with
the other next-generation devices.

These results suggest that the Allegra has
an acceptable efficacy profile in treating elderly
patients with severe symptomatic AVS, although
further studies are warranted to fully elucidate
this issue.

The present study has some important limita-
tions. It is an observational, single-arm study of
a small sample size which, per se, precludes any
in-depth comparison against a control group or
detailed analyses related to uncommonly occur-
ring events.
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Conclusions

This prospective study shows a good safety

and performance profile of the Allegra. The valve
has a satisfactory hemodynamic performance and
encouraging clinical results with a low rate of
pacemaker implantations.
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Abstract

Background: Long-term results after stenting aorto-coronary ostial lesions (AOL) are worse than
those achieved in non-ostial locations. AOL interventions still pose a substantial challenge for interven-
tional cardiologists. The aim of the study was to determine the optimal fluoroscopic viewing angles of
the left and right coronary ostia, based on multislice computed tomography (MSCT) data.

Methods: Cardiac MSCT exams of 30 patients with clinical suspicion of coronary artery disease
were analyzed. En face angles of both coronary ostia, as well as their optimal projection curves, were
determined by 2 independent observers in a standard Dicom viewer, without any additional, specialized
software add-ons, using a systematic, step-by-step approach. Spatial relations between the ostial plane
and the aorta were also assessed.

Results: The average en face angle of the left coronary ostium was RAO 23°, CAU 45°; for the right
coronary ostium RAO 18°, CRA 5°. The mean inter-observer differences for the en face angles of the left
and right coronary arteries were 5° and 7°, respectively.

Conclusions: Multislice computed tomography data provide precise spatial information on the orien-
tation of the coronary ostia and their relation to the aortic root. Their utilization for determining the
patient-specific viewing angle may substantially facilitate percutaneous coronary interventions in AOL.
(Cardiol ] 2021; 28, 6: 831-841)

Key words: aorto-ostial lesions, coronary intervention, optimal projection curves,
multislice computed tomography, cardiovascular imaging

Introduction

Despite constant advances in technology,
interventions of the coronary ostia still pose
a substantial challenge for interventional cardio-
logists. Long-term results after stenting of the

aorto-coronary ostial lesions (AOL) are worse than
those achieved in non-ostial locations [1, 2]. The
gap results partly from differences in the plaque
composition, which is more rigid, calcified, and
bulky in the case of AOL [3, 4]. A lot of target le-
sion failures are due to technical problems during

Address for correspondence: Radostaw Targonski, MD, PhD, Department of Cardiac and Vascular Surgery, Medical
University of Gdansk, ul. Sklodowskiej-Curie 3a, 80-210 Gdansk, Poland, tel: +48 607 921 300, fax: +48 58 584 42 10,

e-mail: rtargonski@gmail.com

Received: 15.03.2021 Accepted: 16.07.2021 Early publication date: 2.08.2021

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.

www.cardiologyjournal.org 831



Cardiology Journal 2021, Vol. 28, No. 6

the procedure, resulting in overly deep stent im-
plantation and incomplete coverage of the treated
lesion [5]. On the other hand, excessive protrusion
of the stent into the aorta also has negative conse-
quences because it can hinder re-engagement of
the vessel with the catheter or seriously complicate
subsequent interventions on the aortic valve [6, 7].
Over the last several years, multi-sliced computed
tomography (MSCT) has emerged as a useful tool
in the assessment of coronary artery disease (CAD)
[8-10]. This diagnostic modality offers a unique
view into the spatial relationships of different
cardiac structures and has been proved to be criti-
cal in procedure planning and device selection in
structural heart interventions [11-14]. However,
three-dimensional (3D) data provided by MSCT are
still rarely used to facilitate percutaneous coronary
interventions (PCI) [15, 16].

The aim of this study was to determine the op-
timal fluoroscopic viewing angles for AOL stenting
with the use of MSCT examinations of patients with
CAD. Patient-specific optimization of the viewing
angle can potentially decrease/eliminate parallax
error [12] and improve the precision of stent implan-
tation in the coronary ostium. We propose a simple,
step-by-step approach to find individually optimized
projections with the use of patient MSCT data.

Methods

Setting and image acquisition

Multislice computed tomography examina-
tions of 30 patients with clinical suspicion of CAD
were retrospectively analyzed. MSCT was per-
formed according to the established institutional
protocol, i.e. in spiral/helical acquisition mode with
retrospectively electrocardiogram-gated recon-
struction, with a tube voltage of 100-120 kV, and
tube current adjusted for patient size. 80-110 mL
of contrast was injected into the antecubital vein at
arate of 5 mL/s. The dataset of contrast-enhanced
scans was reconstructed in the diastolic phase.
Images were reconstructed with a slice thickness
of 0.6 mm and a reconstruction interval of 0.4 mm.

Image analysis

Multislice computed tomography exams were
then analyzed with a standard DICOM viewer (Osi-
rix Pixmeo SARL, Geneva, Switzerland). A step-
-by-step approach, described in detail in Figure 1,
was used to calculate the en face angles of the
coronary aorto-ostial orifice plane. Based on the
determined en face angles, optimal projection

curves (S-curve) (Fig. 2A) were then calculated
in an Excel (Microsoft Corporation Redmond, WA,
USA) spreadsheet using the following formula
described earlier by the Nicolo Piazza group [17]:

€086 — 0, tace
(@ = —arctan [tanTnfacH

where @ is the cranio-caudal angle of the optimal
projection curve at RAO/LAO angle 6, and 9, ,.,and
0. e are the cranio-caudal and RAO/LAO angles
of the structure viewed en face, respectively (on-
line version of the S-curve generator is available
at https://smartheart.pl/plane-calculator/). The
multiplanar reconstruction mode was applied again
to define the range of the S-curve in which the
adjacent aorta does not overlap with the coronary
ostium in the orthogonal angiographic view (Figs.
2B, 3). Each exam was analyzed independently by
two cardiologists with experience in cardiac com-
puted tomography (CT) interpretation.

Statistical analysis

En face angles are expressed as mean with
95% confidence interval (CI), taking the average
value from both observers. Discrepancies between
the investigators were assessed by measuring the
average angle between the S-curves produced by
each investigator.

The institutional review board approved the
study with a waiver of informed consent.

The numerical data underlying this article and
the anonymized CT scan data will be shared on
reasonable request to the corresponding author.

Results

Table 1 presents mean en face angles of the
left and right coronary ostial planes (RAO 29°, CAU
50°; and RAO 18°, CRA 5°, respectively). The mean
inter-observer differences for the en face angles
of the left and right coronary arteries (LCA, RCA)
were 5° and 7°, respectively. The average range
of the optimal projection curve in which the left
coronary ostium does not overlap with the adja-
cent aorta was RAO 0° to LAO 68°. In the case of
the right coronary ostium S-curve, that range was
outside of the RAO 37° to LAO 48° zone (Fig. 4).

Figure 5 shows individual projection curves
for each patient, the range of “unobstructed” view,
and en face angles. Mean optimal projection curves,
mean “unobstructed” view ranges, and mean en
face angles for the left and right coronary ostia with
95% CI are presented in Figure 4.
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Sagittal plane Horizontal plane Coronal plane

N

Step 1. Place the crosshair at the center of the aortic root (arrow).

Step 2. In the coronal view window — adjust the horizontal plane (purple line) to be roughly parallel to the aortic
annulus (green arrow), then adjust the horizontal plane’s position (yellow arrow) to the level of the coronary
ostium of interest (red arrowhead).

Step 3. In the horizontal view window — move the crosshairs to the center of the coronary ostium (yellow arrow),
and align the sagittal plane tangentially (green arrow) to the aortic root at the level of the ostium.

Step 4. In the frontal view window — adjust the sagittal plane tangentially to the aortic root at the level of the
ostium (green arrow).
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Sagittal plane Horizontal plane Coronal plane

Step 5. In the frontal view window, place two region of interest (ROI) points on the horizontal plane (purple line,
red arrows) — they will also appear on the frontal plane (blue line, yellow arrows) in the horizontal view window.
In the sagittal plane, put ROI points at the edges of the coronary ostium.

Before alignment After alignment

§-1:-65.1
L-R: -30.6
Roll:0.0

Step 6. Change the view to a three-dimensional maximal intensity projection (3D-MIP) and adjust the brightness
and contrast settings to visualize optimally the point region of interest (ROI), then align together the two ROls
marking the axis of the ostial plane (yellow arrows). After the alignment, correct the Roll to 0.0. At that point, the
superior-inferior (S-1) angle will reflect the CAU/CRA angulation of the coronary ostium en face angle, and the
left-right (L-R) angle will reflect the RAO/LAO angulation of the coronary ostium en face angle (RAO and CAU an-
gles are in the negative range). Based on the determined en face angle, the optimal projection curve (S-curve) is

drawn (Fig. 2A); CAU — caudal; CRA — cranial; RAO — right anterior oblique; LAO — left anterior oblique.

Figure 1. Systematic step-by-step approach for identifying the coronary aorto-ostial plane.

Discussion

The present study determined for the first
time the optimal fluoroscopic viewing angles of
the LCA and RCA based on MSCT data. This
study is interesting from many perspectives:
1) first and foremost, we propose a systematic step-
by-step approach to determine individual optimal
angiographic viewing angles for stenting of the
coronary ostia based on patient angio-CT data; and
ii) it provides a detailed description of the method,
together with a graphic illustration of the concept.
Our approach does not need any dedicated software
and, thus, can be applied widely in the routine
clinical practice.

Percutaneous coronary interventions
of aorto-ostial lesions remain challenging
Aorto-ostial lesions are usually defined as coro-
nary artery stenosis greater than 50%, within 3 mm
of its origin [18]. They constitute around 3% of all
percutaneously treated lesions. The procedural suc-
cess and clinical outcomes of these lesions are inferior
to those of non-ostial locations. The difference results
partly from the lesions’ distinct plaque composition,
causing them to be more bulky, non-compliant, and
with a greater tendency towards elastic recoil. The
lack of adventitia in the transmural segment may also
play arole [2, 3, 19]. However, a suboptimal result is
very often caused by the challenges of ostial interven-
tion and imprecise stent positioning.
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Figure 2. The optimal projection curve based on the determined en face angle; A. The optimal projection curve (red
line) corresponding to the determined en face angle of the coronary ostium (red dot); B. The range of the optimal pro-
jection curve in which the coronary ostium does not overlap with the adjacent aorta. Because determining this range
is based on the caudal/cranial (CAU/CRA) angulation, it is crucial to notice that two different points on the S-curve
can have the same CAU/CRA angulation value (blue arrows). They can be identified by their relation to the maximal
angulation of the curve (yellow arrows). Red dotted lines — “obstructed” view, green line — “unobstructed” view.

The implanted stent of choice in non-ostial
lesions is usually long enough to secure a reason-
ably safe margin on both sides of the lesion and
minimize the risk of a geographic miss. In the
case of ostial stenoses, one of the margins is com-
pletely absent. A deliberate decision to protrude
the stent into the aorta may result in many long-
term serious consequences. First, the protruding
stent makes all subsequent interventions on that
vessel much more difficult. It is harder to engage
the vessel with the guiding catheter [20], and at-
tempts to do so can deform the protruding struts,
potentially increasing thrombotic risk. A recent
analysis from the EXCEL trial clearly showed that
PCI of a target vessel after left main (LM) stenting
was a strong predictor of overall and cardiovascu-
lar mortality at 3 years [21]. Secondly, stent pro-
trusion into the aorta could be a serious problem
in patients who require surgical intervention in
the future. The inability to selectively cannulate
coronary vessels prevents antegrade cardiopro-
tection. Stent struts can also make aortic valve
replacement surgery extremely difficult. Intra-
operative stent trimming poses the risk of defor-
mation of the intracoronary part of the stent [6].
Finally, there is a continuously growing popula-
tion of patients admitted for transcatheter aortic

valve replacement (TAVR) procedures. In these
patients, the protruding stent can be crushed by
the delivery balloon or by the valve itself. That
risk is best illustrated in Figure 6C, D, where the
stent protruding from the LM was crushed by the
bulky, calcified valve leaflet during transapical
TAVR. The only available arterial access (right
radial) was used for pig-tail catheter insertion,
preventing LM protection with safety wire and
coronary balloon. Despite the patent LIMA-LAD
and Ao-Diagonal grafts, the complications turned
out to be lethal.

On the other hand, in cases when the opera-
tor tries to place the stent precisely, without any
protrusion, unintended incomplete coverage of the
ostium is common, resulting in a greatly enhanced
risk of subsequent restenosis (Fig. 6A, B). In one
short series of patients after LM stenting, control
MSCT revealed that the stent had been implanted
optimally in relation to the ostium only in 3 out
of 23 cases [5]. The precise positioning of stents
in the coronary ostia is of paramount importance
because it can substantially affect long-term clini-
cal success. Unfortunately, angiographic views are
plagued with parallax error, and finding a projection
orthogonal to the individual aorto-ostial plane is
very challenging.
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Sagittal plane Horizontal plane Coronal plane

Sagittal view from Figure 1, step 6 — the left image — represents the en face plane of the coronary ostium. The
X-ray source is marked with the yellow arrow. The coronal plane window presents a “slice” of the projected angio-
graphic view. Rotating the horizontal and frontal planes in the sagittal plane window, adjust the axes to the
angle where further clockwise rotation (red arrow) would cause the silhouettes of the ostium (green rectangle)
and the adjacent aorta (red area) to overlap. The superior-inferior (S-l) angle from the coronal plane window
shows the real caudal/cranial (CAU/CRA) angulation of this borderline angiographic projection. Note: During ro-
tation of the horizontal and frontal plane, the S-I angulation shown in the coronal plane window can indicate the
same number twice (refer to Figure 2B, blue arrows). It is important to relate this point to the peak S-l angulation
of the S-curve. Observing whether further clockwise rotation and overlapping the silhouettes of the ostium and
the aorta would cause the S-I value to increase or to decrease (refer to Figure 2B, yellow arrows) enables identifi-
cation of the correct point on the S-curve.

In the sagittal view window, rotate the horizontal and coronal planes counterclockwise to the angle where fur-
ther rotation (red arrow) would cause the silhouettes of the ostium (green rectangle) and the adjacent aorta (red
area) to overlap. The S-l angle from the coronal plane view shows the real CAU/CRA angulation of this borderline
angiographic projection. The range between those two S-l angulations from the coronal plane view window cor-
responds to the range of the CAU/CRA angle of the optimal projection curve in which the coronary ostium does
not overlap with the adjacent aorta (Fig. 2B).

Figure 3. Finding the range of S-curve in which the ostium and the aorta do not overlap with each other.

Table 1. Mean and 95% confidence intervals of en face angles of the coronary ostia, and interobserver
difference.

En face view Overall Observer 1 Observer 2 Difference Average range
between of “unobstructed”
observers view

LCA ostium RAO 29; CAUS0 RAO 28; CAU49 RAO 29; CAU 50 5 (4-6) RAO 0 - LAO 68

(RAO 24 - RAO 34; (RAO 23 -RAO 33; (RAO 24 - RAO 34;
CAU 42 - CAU58) CAU 41-CAU57) CAU 42 - CAU 58)

RCA ostium RAO 18; CRA 5 RAO 19; CRA 5 RAO 18; CRA 5 7 (6-8) RAO 90 - RAO 37
(RAO 13-RAO 23; (RAO 14 -RAO 23; (RAO 12 -RAO 24; and
CAU2-CRA12) CAU1-CRA12) CAU2-CRA12) LAO 48 - LAO 90

CAU — caudal angulation; CRA — cranial angulation; LAO — left anterior oblique angulation; RAO — right anterior oblique angulation
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Figure 4. En face angles of the right and left coronary ostia and their corresponding optimal projection curves (mean
and 95% confidence interval). En face angle — blue dot. Optimal projection curve — blue line. The red area indicates
the range in which the coronary ostium and the aortic root overlap. Central panel represents schematic illustration of

coronary ostia plane in relation to the aortic root.

Accurate image acquisition by using MSCT
facilitates PClIs of ostial lesions

Multislice computed tomography provides
complete information about the spatial relations
between the aortic root, ascending aorta, and
coronary vasculature. MSCT data are successfully
used for device sizing, procedure planning, and
angiographic view optimization during structural
cardiac procedures. However, their utilization to
facilitate coronary interventions has hitherto been
limited, although promising [15, 22]. There are
no publications defining an accurate angiographic
view for a subsequent coronary procedure based
on MSCT image acquisition.

In our study, we propose a simple way of
establishing the en face angle of the aorto-ostial
plane and the corresponding optimal projection
curve using a standard DICOM viewer. Results
from a group of 30 patients show that the angle of
the coronary aorto-ostial plane and its relation to
the adjacent aorta are highly variable and patient-
-specific. In some patients, a large portion of the
optimal projection curve of the coronary ostium
overlaps with the adjacent aorta, so the range of
the “clear” viewing angle is quite limited. In such
cases, the ostium is located in the concave part of
the aortic root complex (Fig. 7A, C). In other pa-
tients in whom the coronary artery has its origin at
the convex part of the sinus of Valsalva, it does not
overlap with the aorta at any point (Fig. 7B, C). In
these scenarios, one should opt for the projection
with the smallest CRA/CAU angle.

Taking into account the high variability of
coronary ostial planes and aortic configurations,
an individual S-curve of the treated ostium should
be calculated if an MSCT examination is available.
Sometimes in the case of a funnel-shaped ostium,
it may be difficult to precisely define anatomical
borders. The specific ostium definition can then
be fine-tuned according to the planned stenting
strategy, i.e. orthogonal to the ostium at the level
of the desired stent edge position.

Hitherto, the data regarding the spatial and
anatomical location of the coronary ostia in pa-
tients admitted for PCI were often not available.
However, since MSCT is now a first-line tool for
diagnosing CAD in patients with chronic coronary
syndromes [23], the availability of these data will
be expanding as well. MSCT image interpretation
should, therefore, be another skill in the interven-
tional cardiologist’s pocket. Nowadays, PCI opera-
tors should not just rely on the radiologist’s report
but should also be able to review MSCT exams by
themselves, in order to assess anatomical subtle-
ties of every individual patient and optimize the
treatment strategy and viewing angles.

However, in most patients admitted for PCI of
the LCA or RCA ostium, procedures are performed
routinely only based on the clinical experience and
judgment of the operator. This also applies to the
choice of angiographic projection. The mean en
face angles and corresponding optimal projection
curves from our study roughly reflect current clini-
cal practice. The optimal projection for stenting the
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Figure 5. Individual optimal projection curves and en face angles in the study cohort. Optimal projection curves for the
ostia of the left (A) and right coronary arteries (B). The range of the optimal projection curves in which neither the left
(C) nor right coronary ostium (D) overlaps with the adjacent aorta. £n face angles of left (E) and right coronary ostia (F).
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Figure 6. Clinical examples of the suboptimal stent placement in the aorto-coronary ostial lesions. Geographic miss
(arrow), stent in the right coronary artery (RCA) implanted too deeply (A); subsequent restenosis in the RCA (arrow) (B);
stent protruding from left main into the aorta (arrow) (C); protruding stent crushed (arrow) by the calcified, widened
aortic leaflet on postmortem examination (D); two stents protruding from the left coronary artery to the aorta (arrows)
accidental finding in the patient admitted for transcatheter aortic valve replacement (E).

LM ostium is usually in the LAO projection with
cranial angulation. The best strategy for finding
this optimal projection is to start at around LAO
30-40°, CRA 30° and proceed caudally. In the case
of the right coronary ostium plane, most optimal
projections will be between LAO 60° and 80° with
slight cranial angulation. The best strategy seems
to be to start in LAO 60°, CRA 10° and then move
east toward LAO 90°.

Although two-dimensional (2D) angiographic
images are completely spatially unoriented com-
pared to MSCT data, there is a “life hack” solu-
tion for finding a projection perpendicular to the

coronary ostium plane. If one aligns the tip of the
guiding catheter with the coronary ostium and then
finds the projection in which the catheter looks like
a straight line with its tip circular, then this cor-
responds roughly to the ostial plane ex face angle.

No matter what the CRA/CAU angulation of
that ostial plane en face angle is, the perpendicular
projection will always be located at the position of
CRA/CAU 0°, with RAO/LAO angulation equal to
the en face plane RAO/LAO value plus or minus 90.
That may be the starting point for finding the op-
timal projection and/or calculating the expected/
/approximated S-curve. However, one should keep
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Figure 7. Examples of different aortic root configurations and their impact on the S-curve. Two examples of different
aortic root configurations; A. A narrow “angiographic window” of the left coronary artery (LCA) ostium (green oval)
with a very limited range of possible angulation (green arrow) of the X-ray source (yellow arrow) (adjacent aorta — red
area); B. A wide “angiographic window” of the right coronary artery (RCA) ostium (green circle), offering a 360-degree
view; C. The range of the corresponding S-curves in which the coronary ostium does not overlap with the adjacent
aorta. In the case of the LCA (blue curve), angiographic viewing angles are limited, but are paradoxically “standard”
and easy to achieve, while in the case of the RCA ostium (orange curve), its S-curve is quite atypical and, despite
the full range, the degree of cranial angulation in standard left anterior oblique projections makes them unfeasible.

in mind that the tip of the catheter engaged in Limitations of the study

the coronary ostium is usually oriented upwards. The main limitation of our study is that the
This tendency can be corrected by pushing on the study population consisted of a small group of pa-
coronary guidewire for better alignment. tients with suspected coronary disease, admitted
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for diagnostic CTA, who did not have aorto-ostial
lesions, mandating intervention. Thus, the pre-
sented data remain experimental. In addition, the
data has not been prospectively validated. Third,
the method itself is cumbersome. Dedicated soft-
ware would greatly facilitate the determination of
the optimal angle of the coronary ostia. Finally, in
the case of structural interventions, a predefined
“implantation” projection can easily be corrected
during the procedure. This may not be the case
with the coronary ostial plane, due to its small size.
Altogether, the clinical significance of our method
remains to be established.

Conclusions

To overcome the technical challenges of aorto-
-ostial PCIs, we propose the first systematic step-
-by-step approach to determine individual fluoro-
scopic viewing angles for precise stenting by using
MSCT image acquisition. The present study shows
that, given the substantial variability of the aortic
root anatomy, patient-specific implantation angles
determined before intervention may essentially
facilitate the procedure. The question of whether
we should perform MSCT before aorto-ostial PCI
for the sake of procedure planning and optimizing
its results remains open and needs further prospec-
tive investigations.

Conflict of interest: None declared

References

1. Mavromatis K, Ghazzal Z, Veledar E, et al. Comparison of out-
comes of percutaneous coronary intervention of ostial versus
nonostial narrowing of the major epicardial coronary arter-
ies. Am J Cardiol. 2004; 94(5): 583-587, doi: 10.1016/j.amj-
card.2004.05.020, indexed in Pubmed: 15342287.

2. Freeman M, Clark DJ, Andrianopoulos N, et al. Outcomes after
percutaneous coronary intervention of ostial lesions in the era
of drug-eluting stents. Catheter Cardiovasc Interv. 2009; 73(6):
763-768, doi: 10.1002/ccd.21941, indexed in Pubmed: 19309731.

3. Jokhi B, Curzen N. Percutaneous coronary intervention of ostial
lesions. Eurolntervention. 2009; 5(4): 511-514, doi: 10.4244/
eijvbida8l, indexed in Pubmed: 19755342.

4. Vaduganathan M, Harrington RA, Stone GW, et al. Cangrelor with and
without glycoprotein iib/iiia inhibitors in patients undergoing percuta-
neous coronary intervention. ] Am Coll Cardiol. 2017; 69(2): 176-185,
doi: 10.1016/j,jacc.2016.10.055, indexed in Pubmed: 28081827.

5. Rubinshtein R, Ben-Dov N, Halon DA, et al. Geographic miss
with aorto-ostial coronary stent implantation: insights from high-
resolution coronary computed tomography angiography. Euro-
Intervention. 2015; 11(3): 301-307, doi: 10.4244/EIJV11I3A57,
indexed in Pubmed: 24694540.

6. Nakamura M, Minakata K, Yamazaki K, et al. Aortic valve replace-
ment in patients with protruding coronary artery stents. J Cardiol
Cases. 2014; 10(6): 213-215, doi: 10.1016/j.jccase.2014.07.013,
indexed in Pubmed: 30534246.

7. Wintzer-Wehekind J, Larose E, Rodés-Cabau ], et al. Coronary
Stent Protruding in the Ascending Aorta: Multimodality Imaging

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Evaluation. JACC Cardiovasc Interv. 2020; 13(2): 263-264, doi:
10.1016/3.jcin.2019.07.052, indexed in Pubmed: 31563684.
Achenbach S. Cardiac CT: state of the art for the detection of
coronary arterial stenosis. J Cardiovasc Comput Tomogr. 2007;
1(1): 3-20, doi: 10.1016/j.jcct.2007.04.007, indexed in Pubmed:
19083871.

Saremi E Achenbach S. Coronary plaque characterization us-
ing CT. AJR Am ] Roentgenol. 2015; 204(3): W249-W260, doi:
10.2214/AJR.14.13760, indexed in Pubmed: 25714309.
Hoffmann U, Truong Q, Schoenfeld D, et al. Coronary CT An-
giography versus Standard Evaluation in Acute Chest Pain.
N Engl ] Med. 2012; 367(4): 299-308, doi: 10.1056/nej-
moal201161.

Blanke P, Weir-McCall JR, Achenbach S, et al. Computed tomog-
raphy imaging in the context of transcatheter aortic valve im-
plantation (tavi)/transcatheter aortic valve replacement (TAVR):
an expert consensus document of the society of cardiovascular
computed tomography. JACC Cardiovasc Imaging. 2019; 12(1):
1-24, doi: 10.1016/j.jcmg.2018.12.003, indexed in Pubmed:
30621986.

Thériault-Lauzier P, Andalib A, Martucci G, et al. Fluoro-
scopic anatomy of left-sided heart structures for transcatheter
interventions: insight from multislice computed tomography.
JACC Cardiovasc Interv. 2014; 7(9): 947-957, doi: 10.1016/;.
jcin.2014.06.002, indexed in Pubmed: 25129665.

Pighi M, Thériault-Lauzier P, Alosaimi H, et al. Fluoroscopic
Anatomy of Right-Sided Heart Structures for Transcatheter
Interventions. JACC Cardiovasc Interv. 2018; 11(16): 1614—
-1625, doi: 10.1016/j.jcin.2018.03.050, indexed in Pubmed:
30139469.

Thériault-Lauzier P, Spaziano M, Vaquerizo B, et al. Com-
puted Tomography for Structural Heart Disease and Inter-
ventions. Interv Cardiol. 2015; 10(3): 149-154, doi: 10.15420/
ICR.2015.10.03.149, indexed in Pubmed: 29588693.
Pesenti-Rossi D, Chouli M, Gharbi M, et al. Coronary aorto-
ostial stenosis analysed by multislice computed tomography:
a new tool for percutaneous coronary intervention? Eurolnter-
vention. 2011; 6(6): 717-721, doi: 10.4244/EIJV616A121, indexed
in Pubmed: 21205594.

Hammas S, Amato A, Amabile N, et al. Use of multislice
computed tomography angiography in percutaneous coronary
intervention. Int Cardiol. 2011; 3(4): 483-492, doi: 10.2217/
ica.11.55.

Xiong TY, Pighi M, Thériault-Lauzier P, et al. Optimal fluoro-
scopic viewing angles of right-sided heart structures in patients
with tricuspid regurgitation based on multislice computed to-
mography. Eurolntervention. 2019; 15(10), doi: 10.4244/EI]-
D-19-00618, indexed in Pubmed: 31746757.

Zampieri P, Colombo A, Almagor Y, et al. Results of coro-
nary stenting of ostial lesions. Am ] Cardiol. 1994; 73(12):
901-903, doi: 10.1016/0002-9149(94)90822-2, indexed in Pubmed:
8184820.

Rathore S, Terashima M, Katoh O, et al. Predictors of angiographic
restenosis after drug eluting stents in the coronary arteries: con-
temporary practice in real world patients. Eurolntervention. 2009;
5(3): 349-354, doi: 10.4244/v5i3a55, indexed in Pubmed: 19736160.
Uehara Y, Shimizu M, Yoshimura M. A novel technique for cath-
eter engagement of protruding aorto-ostial stent. Catheter Car-
diovasc Interv. 2014; 83(7): 1093-1096, doi: 10.1002/ccd.25274,
indexed in Pubmed: 24174303.

Giustino G, Serruys P, Sabik ], et al. Mortality after repeat
revascularization following PCI or CABG for left main disease.
JACC: Cardiovascular Interventions. 2020; 13(3): 375-387, doi:
10.1016/;.j¢in.2019.09.019.

Jones DA, Castle EV, Beirne AM, et al. Computed tomo-
graphy cardiac angiography for planning invasive angiogra-
phic procedures in patients with previous coronary artery
bypass grafting. Eurolntervention. 2020; 15(15): el351-
—e1357, doi: 10.4244/EIJ-D-18-01185, indexed in Pubmed:
31235457.

Knuuti J, Wijns W, Achenbach S, et al. 2019 ESC guidelines for
the diagnosis and management of chronic coronary syndromes.
Eur Heart J. 2020; 41(3): 407-477, doi: 10.1093/eurheartj/
ehz425, indexed in Pubmed: 31504439.

www . cardiologyjournal.org 841


http://dx.doi.org/10.1016/j.amjcard.2004.05.020
http://dx.doi.org/10.1016/j.amjcard.2004.05.020
https://www.ncbi.nlm.nih.gov/pubmed/15342287
http://dx.doi.org/10.1002/ccd.21941
https://www.ncbi.nlm.nih.gov/pubmed/19309731
http://dx.doi.org/10.4244/eijv5i4a81
http://dx.doi.org/10.4244/eijv5i4a81
https://www.ncbi.nlm.nih.gov/pubmed/19755342
http://dx.doi.org/10.1016/j.jacc.2016.10.055
https://www.ncbi.nlm.nih.gov/pubmed/28081827
http://dx.doi.org/10.4244/EIJV11I3A57
https://www.ncbi.nlm.nih.gov/pubmed/24694540
http://dx.doi.org/10.1016/j.jccase.2014.07.013
https://www.ncbi.nlm.nih.gov/pubmed/30534246
http://dx.doi.org/10.1016/j.jcin.2019.07.052
https://www.ncbi.nlm.nih.gov/pubmed/31563684
http://dx.doi.org/10.1016/j.jcct.2007.04.007
https://www.ncbi.nlm.nih.gov/pubmed/19083871
http://dx.doi.org/10.2214/AJR.14.13760
https://www.ncbi.nlm.nih.gov/pubmed/25714309
http://dx.doi.org/10.1056/nejmoa1201161
http://dx.doi.org/10.1056/nejmoa1201161
http://dx.doi.org/10.1016/j.jcmg.2018.12.003
https://www.ncbi.nlm.nih.gov/pubmed/30621986
http://dx.doi.org/10.1016/j.jcin.2014.06.002
http://dx.doi.org/10.1016/j.jcin.2014.06.002
https://www.ncbi.nlm.nih.gov/pubmed/25129665
http://dx.doi.org/10.1016/j.jcin.2018.03.050
https://www.ncbi.nlm.nih.gov/pubmed/30139469
http://dx.doi.org/10.15420/ICR.2015.10.03.149
http://dx.doi.org/10.15420/ICR.2015.10.03.149
https://www.ncbi.nlm.nih.gov/pubmed/29588693
http://dx.doi.org/10.4244/EIJV6I6A121
https://www.ncbi.nlm.nih.gov/pubmed/21205594
http://dx.doi.org/10.2217/ica.11.55
http://dx.doi.org/10.2217/ica.11.55
http://dx.doi.org/10.4244/EIJ-D-19-00618
http://dx.doi.org/10.4244/EIJ-D-19-00618
https://www.ncbi.nlm.nih.gov/pubmed/31746757
http://dx.doi.org/10.1016/0002-9149(94)90822-2
https://www.ncbi.nlm.nih.gov/pubmed/8184820
http://dx.doi.org/10.4244/v5i3a55
https://www.ncbi.nlm.nih.gov/pubmed/19736160
http://dx.doi.org/10.1002/ccd.25274
https://www.ncbi.nlm.nih.gov/pubmed/24174303
http://dx.doi.org/10.1016/j.jcin.2019.09.019
http://dx.doi.org/10.4244/EIJ-D-18-01185
https://www.ncbi.nlm.nih.gov/pubmed/31235457
http://dx.doi.org/10.1093/eurheartj/ehz425
http://dx.doi.org/10.1093/eurheartj/ehz425
https://www.ncbi.nlm.nih.gov/pubmed/31504439

INTERVENTIONAL CARDIOLOGY

Cardiology Journal
2021, Vol. 28, No. 6, 842-848

M DOI: 10.5603/CJ.a2021.0045
ekl Copyright © 2021 Via Medica
VIA MEDICA ORIGINAL ARTICLE ISSN 1897-5593

elSSN 1898-018X

A Prospective, observational, Italian multi-center

registry of self-aPposing® cOronary Stents in
patients presenting with ST-segment Elevation

Myocardial InfarcTION: The iPOSITION registry

Livio Giuliani', Federico Archilletti’®, Giuseppe Ando’, Serena Rossi',
Giorgio Sacchetta’, Giuseppe De Iaco®, Francesco Saporito®,
Marco Contarini’, Rosario Parisi®, Sabina Gallina®, Marco Zimarino"?,
Juan Luis Gutiérrez-Chico’, Nicola Maddestra'

'Interventional Cardiology Unit, “SS. Annunziata” Hospital, Chieti, Italy
“Institute of Cardiology, “G. d’Annunzio” University, Chieti-Pescara, Italy
*Policlinico “Gaetano Martino” Hospital — University of Messina, Italy
‘Cardiology Unit, “Umberto I” Hospital, Siracusa, Italy
*Interventional Cardiology Unit, “Cardinal G. Panico” Hospital, Tricase (Lecce), Italy

‘Interventional Cardiology Unit, “S. Salvatore” Hospital, “Ospedali riuniti Marche Nord”, Pesaro, Italy

"Cardio Care Heart Center, Marbella, Spain

This paper was guest edited by Prof. Krzysztof J. Filipiak

Abstract

Background: Primary percutaneous coronary intervention (pPCI) in ST-segment elevation myocar-
dial infarction (STEMI) can be challenging for high thrombus burden and catecholamine-induced
vasoconstriction. The Xposition-S stent was designed to prevent stent undersizing and minimize strut
malapposition. We evaluated 1-year clinical outcomes of a nitinol, self-apposing®, sirolimus-eluting
stent, pre-mounted on a novel balloon delivery system, in de novo lesions of patients presenting with
STEMI undergoing pPCL

Methods: The iPOSITION is a prospective, multicenter, post-market, observational study. The primary
endpoint, target lesion failure (TLF), was defined as the composite of cardiac death, recurrent target vessel
myocardial infarction (TV-MI), and clinically driven target lesion revascularization (TLR).

Results: The study enrolled 247 STEMI patients from 7 Italian centers. Both device and procedural
success occurred in 99.2% of patients, without any death, TV-MI, TLR, or stent thrombosis during the
hospital stay and at 30-day follow-up. At 1 year, TLF occurred in 2.6%, cardiac death occurred in 1.7%,
TV-MI occurred in 0.4%, and TLR in 0.4% of patients. The 1-year stent thrombosis rate was 0.4%.
Conclusions: The use of an X-position S self-apposing® stent is feasible in STEMI pPCI, with excellent
post-procedural results and 1-year outcomes. (Cardiol ] 2021; 28, 6: 842-848)
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Introduction

Ischemic heart disease is the leading cause
of death worldwide. The incidence of ST-segment
elevation myocardial infarction (STEMI) ranges
from 43 to 144 new cases per 100,000 per year in
Europe, with 116 per 100,000 cases per year in
Italy [1]. In STEMI, prompt reperfusion by primary
percutaneous coronary intervention (pPCI) and
drug-eluting stent (DES) implantation is the rec-
ommended strategy, within indicated timeframes
[2, 3]. In the acute phase, catecholamine-induced
vasoconstriction and high thrombus burden can
interfere with proper lumen diameter evaluation
and stent sizing. Subsequently, the dissolution of
jailed thrombotic material and vessel relaxation can
result in strut malapposition, with increased risk of
stent thrombosis over time [4-6]. A self-apposing®
stent, which dynamically adapts to the vessel
wall after the index procedure with a continuous
radial force, can be a promising therapeutic option
[7-9]. This observational study aimed to collect
clinical data to evaluate the safety and efficacy of
a nitinol, self-apposing®, sirolimus-eluting stent,
pre-mounted on a novel balloon delivery system,
in de novo lesions of native coronary arteries of
patients presenting with STEMI.

Methods

Study overview

The iPOSITION Registry (Prospective, ob-
servational, Italian multi-center registry of self-
aPposing® cOronary Stent in patients presenting
with ST-segment Elevation Myocardial Infarc-
TION) was an Italian, prospective, multicenter,
post-market, observational study. The study was
conducted in full conformity with the Declaration
of Helsinki and approved by the local medical eth-
ics committees of all participating sites. Written
informed consent was obtained before inclusion.
The 1POSITION study was registered to the Na-
tional Institutes of Health database with reference
number NCT02979236 (full details available at
https://clinicaltrials.gov).

Patient selection and procedural instructions
Patients older than 18 years, presenting with
STEMI, undergoing pPCI, in which use of the
Xposition S (STENTYS S.A., Paris, France) stent
was planned at the operator’s discretion, were
eligible for inclusion. Patients with at least one of
the following criteria were excluded: cardiogenic
shock at presentation, severe tortuous vessels,

highly calcified lesions, intrastent pathology, mul-
tiple lesions requiring stenting in the target vessel,
known allergies to stent components, inability to
comply with dual antiplatelet therapy (DAPT),
known comorbidities conditioning life expectancy
to less than 1 year, known pregnancy or child-
bearing potential, and inability to provide written
informed consent. Accurate lesion preparation with
pre-dilation was encouraged, when deemed feasi-
ble, to obtain a residual stenosis diameter < 30%.
Post-dilation was recommended, preferably using
a non-compliant balloon of the same size of the ref-
erence vessel diameter. After the pPCI procedure,
all patients were transferred to a coronary intensive
care unit and treated according to local protocols.

Device description

The Xposition S, available on the market
since the beginning of 2016, is a new generation
self-apposing® DES, pre-mounted on a novel bal-
loon delivery system (Fig. 1). The stent is made of
a Z-shaped mesh of nitinol (nickel/titanium alloy) and
incorporates 1.4 ug/mm® of sirolimus in a durable
polymer matrix (ProTeqtor®) of polysulfone and
soluble polyvinylpyrrolidone. Small interconnec-
tions between stent struts allow disconnections
for easy side branch access in bifurcation setting.
The stent is available in four lengths (17, 22, 27,
and 37 mm) and three sizes suitable for reference
vessel diameters of 2.5-3.0 mm (small), 3.0-3.5
mm (medium), and 3.5-4.5 mm (large), compatible
with a maximum vessel diameter of 6 mm (Fig. 1E).
Strut thickness ranges from 103 um (small size)
to 133 um (medium and large sizes). The stent is
folded on a delivery balloon, which is covered with
a distal “splitable” sheath assembly. The nominal
diameter of the delivery balloon is the same as the
smallest diameter for which the stent is suitable.
When the semi-compliant delivery balloon is in-
flated within the sheath with a pressure of at least
12 atmospheres, the sheath assembly splits, and
the stent is deployed. The sheath is then withdrawn
together with the balloon.

Endpoints

The primary endpoint was the occurrence
of target lesion failure (TLF) at 1-year follow-up.
TLF was defined as the composite of cardiac death
(CD), recurrent target vessel myocardial infarction
(TV-MI), and clinically driven target lesion revas-
cularization (TLR). Secondary endpoints included
the following: 30-day TLEF, procedural success
during the hospital stay, death from any cause,
30-day and 1-year stent thrombosis (ST), and any

www . cardiologyjournal.org 843



Cardiology Journal 2021, Vol. 28, No. 6

STENT SIZE E

L

STENT SIZE

A
B
C
D
E :
Vessel Diameter (mm)
25 3.0 35 4.0 4.5 50 5.5 6.0
| “l-daxllmum ‘ ‘ ' ' '
Vessel @ :
S 4.0 3
STENT SIZE ] : 3 :
5 i ; Maximum i E
i . | Vessel @ : ;
M| 50

Figure 1. The Xposition S drug-eluting stent; A. The stent is pre-mounted on a semi-compliant balloon and is re-
strained by a pre-cut sheath; B. Balloon inflation splits the stent from distal to proximal and releases the self-apposing®
stent; C. The balloon is then deflated; D. The balloon and the sheath are then withdrawn leaving the stent apposed

to the vessel wall; E. Xposition S stent sizes.

individual component of the primary endpoint.
Procedural success was defined as any device suc-
cess with the obtainment of vessel recanalization
(Thrombolysis in Myocardial Infarction [TIMI]
grade 2-3 flow), a diameter stenosis < 30% and
without the occurrence of death, reinfarction, or
repeated revascularization of the target vessel dur-
ing the hospital stay. DAPT compliance was also
investigated. A detailed overview of endpoint defi-
nition is provided in Supplementary Appendix 1.

Sample size calculation

The predicted rate of 1-year TLF primary
endpoint was 2.5% on the basis of data reported
by a previous registry [10]. Hence, a minimum
sample size of 235 patients was considered enough
to provide a *+ 2% estimation of the primary out-
come with a type-I error of 5% and a power of
80%. Taking into account 5% as a possible rate

844

of loss at follow-up, a total of 247 patients were
finally enrolled.

Statistical methods

Continuous variables were presented as mean
+ standard deviation in the case of a normal distri-
bution; conversely; when they were non-normally
distributed, medians and quartiles were reported.
Categorical variables were presented as frequen-
cies and percentages. Time-to-event analysis was
performed using Kaplan-Meier survival curves;
the comparison hetween curves was obtained
with the log-rank test. We considered p < 0.05
for statistical significance. Variables associated
with 1-year TLF were identified by univariate Cox
proportional hazard regression. Hazard ratios (HR),
95% confidence intervals (95% CI), and p-values
were reported. All the analyses were performed
with SPSS (IBM Corp., IBM SPSS Version 24.0.,
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Armonk, NY, US), Med-Calc (MedCalc Software bv,
Ostend, Belgium), and R-project (Core Team 2013,
R Foundation for Statistical Computing, Vienna,
Austria); p < 0.05 was considered as the threshold
for statistical significance.

Results

A total of 247 STEMI patients were enrolled
in 7 Italian centers from June 2016 to July 2018.
Eighteen patients were lost at 1-year follow-up, so
the final analysis was performed on 229 patients.

Baseline characteristics

Demographic characteristics are presented in
Table 1. The mean age was 61 + 11 years, with the
majority being male (83%). More than half of the
patients had systemic arterial hypertension (51%),
and almost one in two was an active cigarette smoker
(46%), 30% had coronary artery disease, a quarter
had hypercholesterolemia (25%), and 13% had dia-
betes mellitus. Most of the patients presented in
Killip class I (88.7%), with more than a half less than
3 h from symptom onset (54%). Culprit lesions were
identified predominantly in the right coronary artery
(43%) and the left anterior descending coronary
artery (41%). Only a minority of patients required
a pPCI of the left main (n = 4). High thrombus
burden (TIMI thrombus burden 4-5) was identified
in 41% of lesions and required thrombus aspiration
in 30% of cases; 24% of lesions involved a bifurca-
tion site. A complete overview of angiographic and
procedural characteristics is summarized in Table 1.

Primary endpoint

Eighteen (7.3%) patients were lost at 1-year
follow-up. The primary endpoint of 1-year TLF
occurred in 6 patients (2.6%; 95% CI 0.53-4.67).
Four patients died, and all events were attributed
to a cardiac cause, resulting in a 1-year cardiac
death rate of 1.7% (95% CI 0.03-3.37). Recurrent
TV-MI was observed in 1 patient (0.4%; 95% CI
0.0-1.22). Clinically indicated TLR was performed
in 1 patient (0.4%; 95% CI 0.0-1.22). Freedom
from TLF at 1-year follow-up was 97.4% + 1.1%; it
was significantly higher in patients whose lesions
were treated with pre-dilation (98.4% + 0.9% vs.
92.5% + 4.2%, p = 0.03; Fig. 2A) and lower with
thrombus aspiration (94.1% + 2.9% vs. 98.7% +
+ 0.9%, p = 0.04; Fig. 2B). At univariate Cox re-
gression, performing pre-dilation was associated
with better freedom from TLF (HR = 0.21, 95%
CI 0.04-0.97); conversely, thrombus aspiration
was associated with worse freedom from TLF

Table 1. iPOSITION baseline demographic
characteristics, clinical history, cardiovascular
risk factors, clinical presentation, and procedural
characteristics.

BASELINE CHARACTERISTICS

Age [years]

60.9 + 10.9
Sex (male) 204 (82.6%)

Clinical history

Previous MI (> 30 days) 9 (3.6%)
Previous CABG 3(1.2%)
Previous PCI 11 (4.5%)
Previous stroke/TIA 4 (1.6%)

Cardiovascular risk factors

Hypertension 126 (51.0%)

Diabetes mellitus 33 (13.4%)
Renal dysfunction (GFR < 60 mL/ 7 (2.8%)
/min/1.73 m?

Smoker:

Active smoker 113 (45.7%)

Former smoker 33 (13.4%)
Family history CAD 74 (30%)
Hypercholesterolemia 62 (25.1%)
Time from onset of symptoms
<3h 134 (54.3%)
>3hand <6h 74 (30.0%)
>6 hand <12 h 28 (11.3%)
>12h 11 (4.5%)
Killip class
I 219 (88.7%)
Il 19 (7.7%)
1] 4 (2.0%)
v 0 (0.0%)
Unknown 4 (1.6%)
Lesion location
RCA 107 (43.3%)
LM 4 (1.6%)
LAD 101 (40.9%)
LCX 34 (13.8%)
Ramus 2 (0.8%)
Lesion characteristics
Reference vessel diameter [mm] 3.40 = 0.46
Length [mm] 26.1 £ 10.5

High thrombus burden 101 (40.9%)

(TIMI thrombus grade > 4)

Ostial lesion 18 (7.3%)

Bifurcation 58 (23.5%)

Calcifications (> mild) 37 (15.0%)

Tortuosity (> mild) 12 (4.9%)

Xposition S size

S (2.5-3.0 mm) 60 (24.3%)
-
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Table 1 (cont.). iPOSITION baseline demographic
characteristics, clinical history, cardiovascular
risk factors, clinical presentation, and procedural
characteristics.

M (3.0-3.5 mm)

L (3.5-4.5 mm)

Xposition S length

127 (51.4%)
60 (24.3%)

17 mm 30 (12.1%)
22 mm 86 (34.8%)
27 mm 73 (29.6%)
37 mm 58 (23.5%)

Techniques used
12 (4.9%)
6 (2.4%)
73 (29.6%)
204 (82.6%)
186 (75.3%)

QCA assessment

Intravascular imaging (IVUS or OCT)
Thrombus aspiration

Pre-dilation

Post-dilation

POST-PROCEDURAL OUTCOMES
Procedural outcomes

TIMI flow post:
0 0 (0.0%)
1 2 (0.8%)
2 16 (6.5%)
3 227 (92.7%)

Postprocedural vessel dissection 3(1.2%)

Variables have been reported as mean = standard deviation or
number (%). Ml — myocardial infarction; CABG — coronary artery
by-pass graft; PCl — percutaneous coronary intervention; TIA —
transient ischemic attack; GFR — glomerular filtration rate; CAD —
coronary artery disease; RCA — right coronary artery; LM — left
main; LAD — left anterior descending coronary artery; LCX — left
circumflex coronary artery; TIMI —Thrombolysis in Myocardial
Infarction; QCA — quantitative coronary analysis; IVUS — intra-
vascular ultrasound; OCT — optical coherence tomography

(HR = 4.9, 95% CI 1.1-26.5). All the other variables
reported in Table 1 were also tested, but none of
them was significantly associated with 1-year TLE

Secondary endpoint

Both device and procedural success occurred
in 99.2% (95% CI 98.09-100%) of patients, without
any death, recurrent TV-MI, TLR, or ST during
the hospital stay and at 30-day follow-up. A single
event of possible ST occurred, resulting in a 1-year
ST rate of 0.4% (95% CI 0.0-1.22%).

DAPT compliance

Almost all patients were on DAPT after dis-
charge (99%), 94% with a potent P,Y,, inhibitor (tica-
grelor or prasugrel) and acetylsalicylate (n = 232).
A total of 95% of patients (n = 213) were still on
DAPT at 1-year follow-up. Three patients had
switched to oral anticoagulation for atrial fibrilla-
tion or mechanical heart valve implantation. The
remaining 4% of patients (n = 9) had switched to
a single antiplatelet therapy, four with acetylsali-
cylate and five with a P,Y,, inhibitor.

Discussion

Main findings

The present post-marketing registry clearly
shows that the use of the Xposition S self-appos-
ing® stent is feasible in pPCI, with an excellent
result in almost all STEMI patients. Good mid-
term outcomes corroborate such findings, with
a significant TLF risk reduction when lesions
were prepared with pre-dilation, without thrombus

HR: 0.21 (95%Cl: 0.04-0.97); p = 0.03

TLF-free survival [%]

60 Not pre-dilation ——-
55 Pre-dilation

T T T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330 360 390
Days
Number at risk
Not pre-dilation
40 40 40 39 39 38 38 38 37 37 37 37 37 37

Pre-dilation
189 188 188 1838 188 183 186 183 183 183 183 182 178 175

B 100-—27:————'- ———————————

95 1
90 1
85
80
751
70
65
60 Not thrombus aspiration ——-
55 Thrombus aspiration

50

HR: 4.9 (95%CI: 1.1-26.5); p = 0.04

TLF-free survival [%]

T T T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330 360 390
Days
Number at risk
Not thrombus aspiration
161 161 161 161 161 161 160 158 157 157 157 156 152 150

Thrombus aspiration
68 67 67 66 66 65 64 63 63 63 63 63 63 62

Figure 2. A. Freedom from target lesion failure at 1 year; comparison between patients whose lesions were treated
with pre-dilation (solid line) and those whose were not (dashed line); B. Freedom from target lesion failure at 1 year;
comparison between patients whose lesions were treated with thrombus aspiration (solid line) and those whose were

not (dashed line).
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aspiration. Procedural and clinical outcomes were
comparable to other currently available balloon-
-expandable DES in the same setting [11-13]. The
APPOSITION III study [9, 10] investigated clinical
outcomes in STEMI pPCI with the previous version
of the same device. Although a direct comparison
cannot be performed, we here document a much
lower ST, leading to a lower 1-year TLF rate, be-
cause only a single possible ST event was observed.
Several factor potentially contributed to this notable
outcome improvement. First, the introduction and
the extensive use of the more potent P,Y,, inhibitors
could have strongly reduced thrombotic events [14].
Secondly, as we learned from the APPOSITION III
itself [9, 10], a higher post-dilation rate might have
reduced events by the improvement of strut ap-
position. Thirdly, even when post-dilation was not
performed, the new releasing system in the iPOSI-
TION may have guaranteed a larger stent expansion
because of the balloon inflation, whereas in the AP-
POSITION III the stent expansion was left solely
to its elastic properties, with an increasing risk of
stent under-expansion [15-18].

We observed a high rate of 1-year DAPT com-
pliance in our study, and patients with inability to
comply with DAPT were excluded as per the pro-
tocol. Therefore, our results cannot be extended
to a high bleeding risk population [19].

Unfortunately, we have to acknowledge that
the Xposition S self-apposing” stent is currently
no longer available in the market. The Stentys
Company claimed that its search for a strategic
partner failed, and subsequently its shareholders
voted for dissolution.

Technical insight

Statistic regression with univariate Cox model
and subgroup analysis (Fig. 2) revealed lesion pre-
dilation and avoidance of thrombus aspiration were
associated with a lower 1-year TLF rate. The lack
of clinical benefits of thrombus aspiration in STEMI
pPCI has already been proven in randomized
clinical trials [20-22]. Pre-dilation may favor lesion
preparation before stenting, but concerns about the
risk of no-reflow phenomenon due to thrombotic
debridement and microcirculatory impairment
often discourage this approach in STEMI [23-26].
The clinical benefit of pre-dilation in our study
could be a hypothesis-generating result for further
future investigations.

Limitations of the study
The results should be interpreted with cau-
tion because of several limitations: 1) iPOSITION

enrolled non-randomized and non-consecutive
patients, so a selection bias cannot be excluded,
2) variables associated with 1-year TLF events
were not tested in a multivariate model for low
event rates, 3) clinical follow-up was limited to
1 year, and a longer observation would be advisable
to explore the response to DAPT demodulation,
4) no data on the completeness of revascularization
were collected [27], 5) events were not adjudicated
by an independent clinical event committee, and
6) a slightly high rate of patients were lost at
follow-up.

Conclusions

To the best of our knowledge, this is the first
multicenter Italian registry evaluating the perfor-
mance of the nitinol self-apposing DES in a STEMI
population and the first worldwide study weighing
up the self-apposing DES novel balloon delivery
system. Both procedural success and 1-year clini-
cal outcomes were excellent. Although acknowl-
edging the current unavailability of the device on
the market, we should further investigate such
a promising device in order to better define the role
of self-apposing” DES in STEMI pPCIL.
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Abstract

Background: This study aimed to evaluate acute injuries of the radial artery (RA) using optical coher-
ence tomography (OCT) in patients who underwent covonary intervention via the snuffbox approach.
Methods: Forty-six patients, who underwent coronary intervention and assessment of the conventional
RA using OCT via the snuffbox approach, were enrolled from two university hospitals between August
2018 and August 2019.

Results: The mean age of the patients was 65.1 years. In this study population, 6-French (Fr) sheaths
were used. The mean diameter of the conventional RA was 2.89 *+ 0.33 mm, and the mean lumen area
of the conventional RA was 6.68 * 1.56 mm’. Acute injuries of the conventional RA, after the snuffbox
approach, were observed in 5 (10.9%) patients. Intimal tear was observed in the RA in 1 (2.2%) case.
Intraluminal thrombi, without vessel injuries, were detected in the RA in 4 (8.7%) cases. However,
medial dissection was not observed in the OCT analysis.

Conclusions: This retrospective OCT-based study showed that the diameter of the conventional RA
was 2.89 mm and acute vessel injury of the conventional RA was rare in patients who underwent coro-
nary intervention via the snuffbox approach. (Cardiol J 2021; 28, 6: 849-854)

Key words: anatomical snuffbox, radial artery occlusion, optical coherence tomography

Introduction

The transfemoral approach has traditionally
been used as the route for coronary intervention
as a larger guiding catheter can be used and good
back-up support is available for this approach;
moreover, the approach is also convenient for the
operator. Since the first percutaneous coronary
intervention (PCI) via the conventional transra-

dial approach (cTRA) performed by Kiemeneij
and Laarman in 1993, the use of cTRA has gradu-
ally increased [1]. The cTRA is associated with
a lower rate of serious access-site complications
and improved patient comfort compared to the
transfemoral approach [2, 3]. The cTRA has be-
come essential for coronary angiography (CAG)
and PCI and is the default access-site route used
in daily practice. It is recommended as the standard
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Figure 1. A 6-Fr sheath is inserted via the distal radial approach (A) and the conventional radial artery (RA) is assessed
with optical coherence tomography (OCT; B). (White dotted line: distal margin of the conventional RA).

approach for PCI in most clinical settings, including
acute myocardial infarction [4, 5]. However, dam-
age to the puncture site is inevitable, and there is
still concern for radial arterial occlusion (RAO) [6].
In addition, the cTRA is associated with potential
risks of functional and anatomical injuries in future
candidates of hemodialysis access and bypass grafts
for surgical revascularization [7].

The distal radial approach, called the snuffbox
approach, is a relatively novel technique that has
attracted the interest of interventional cardiolo-
gists [8]. The incidence of RAO may decrease us-
ing this approach due to the availability of a dual
supply system with no direct cannulation injury of
the conventional radial artery (RA) [9]. However,
limited data are available regarding the incidence
of complications with this new puncture technique,
especially acute injury of the RA after coronary
intervention via the snuffbox approach.

Optical coherence tomography (OCT) is an
imaging technique and is currently the best modal-
ity for assessing subtle damages (e.g., intimal and
medial layer injuries) at high-resolution (10 wm)
[10, 11]. This imaging modality can clearly reveal
significant acute injuries and chronic intimal thick-
ening of the RA after the cTRA [12]. However, the
assessment of acute RA injuries after the snuffbox

approach using OCT has not been reported to
date. Therefore, this study aimed to evaluate the
conventional RA after the snuffbox approach by
qualitative and quantitative OCT analysis.

Methods

Study population

Patients who underwent coronary intervention
under OCT guidance via the snuffbox approach
at two hospitals were included. Those who had
previously undergone CAG or PCI via the con-
ventional radial approach were excluded. A single
operator at each hospital performed the snuffbox
approach in patients who had a palpable distal RA
in the anatomical snuffbox area. The study protocol
was approved by the Institutional Review Board
of Chungbuk National University Hospital and
Chonnam National University Hospital (approval
number: CNUH-2019-272, CBNUH-2019-10-019).

Puncture and cannulation at the anatomical
snuffbox

After local anesthesia, with 1 mL lidocaine
hydrochloride using a 26-gauge needle, was ad-
ministered to the anatomical snuffbox area, the
puncture was performed using a 21-gauge open
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Figure 2. Optical coherence tomography image of the conventional radial artery, showing an intimal tear (A, arrow-
heads), intraluminal thrombus (B, arrowheads; wire artifact — asterisk).

needle using the anterior puncture technique.
A 0.018-inch hair wire was then introduced after
successful puncture, followed by the insertion of
a 6-French (Fr) radial sheath (Prelude Radial®,
Merit Medical, Utah, USA) (Fig. 1A). Follow-
ing successful cannulation in the snuffbox area,
a solution containing 0.2 mg of nitroglycerin,
2.5 mg of verapamil, and 3,000 units of unfraction-
ated heparin (diluted in 10 mL of saline solution)
was injected in all study participants to prevent ar-
terial spasms and thrombosis. Anticoagulation with
a bolus of unfractionated heparin (75-100 U/kg)
was administered to achieve an activated clotting
time > 300 s during PCI.

Hemostasis

After the puncture procedure was completed,
hemostasis was achieved by applying sterile 4” x4”
gauze and self-adherent bandages for 3 h. Hemosta-
sis was evaluated by the operator; when hemosta-
sis was successfully achieved, the bandage could
be removed. If hemostasis was not achieved, the
gauze and bandages were applied for an additional
30-60 min.

OCT image acquisition and analysis

The OCT system used in this study was The
Dragonfly™ OPTIS™ Imaging Catheter (Abbott,
St. Paul, Minnesota, USA) with OPTIS analysis
software. Obtaining an OCT image of RA was
done in patients who underwent successful PCI.
Before the OCT examination for conventional RA,

the introducer sheath was pulled out when the
tip reached the dorsal tubercle of the radius; this
was defined as the distal margin of the conven-
tional RA area, based on a previous study (Fig. 1B)
[13]. Then, 54 mm or 75 mm OCT pullback was
conducted. During the OCT pullback, 5 cc of con-
trast media was manually injected via the radial
sheath. After acquisition of the OCT images of the
RA, cross-sectional OCT images on conventional
RA area were analyzed at 1-mm intervals of the
intravascular image core laboratory at the Chon-
nam National University Hospital. An intimal tear
was defined as luminal surface discontinuity, with
or without an intimal flap, that was restricted within
the intima (Fig. 2A). Medial dissection was defined
as luminal surface disruption that extended into the
media, either in the radial or the circumferential
direction [12]. The presence of a thrombus was
also assessed; a thrombus was defined as high-
backscattering protrusions inside the lumen of the
artery in the OCT image (Fig. 2B) [14]. Qualitative
assessment of acute injury of the conventional RA
was performed using whole OCT pullback images
for each patient. With respect to the quantitative
assessment, the regions within 30 mm of the
conventional RA area were assessed on the OCT
images, as shown Figure 1B.

Data collection and statistical analysis
Patient demographic data, including age, gen-

der, height, weight, body mass index, current

smoking status, and medical history, including
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prevalence of hypertension, diabetes mellitus, and
dyslipidemia were recorded. The data on coronary
angiographic and procedural characteristics during
the snuffbox approach were recorded.

The continuous variables were analyzed using
the paired t-test; they were expressed as the mean
with standard deviation. For categorical variables,
data were expressed as counts with percentages.
Statistical analysis was performed using SPSS 22.0
for Windows (SPSS-PC, Chicago, IL, USA).

Results

Baseline and procedural characteristics

Forty-six patients who underwent coronary
intervention and assessment of the conventional
RA with OCT via the snuffbox approach were
enrolled from two university hospitals between
August 2018 and August 2019. The baseline clinical
and procedural characteristics of the study popula-
tion are summarized in Table 1. The mean age of
the patients was 65.1 years, and 84.8% were male.
A total of 30 (65.2%) patients underwent coro-
nary intervention for acute coronary syndrome,
including 4 patients with ST-segment elevation
myocardial infarction. The left snuffbox approach
was selected for 31 (67.4%) patients. All coronary
interventions via the snuffbox approach were per-
formed using a 6-Fr sheath. There were 26 (59.1%)
patients with lesions in the left anterior descending
coronary artery and 3 (6.8%) patients with lesions
in the left main artery.

Qualitative and quantitative assessment
of the conventional RA with OCT (Table 2)

The number of total cross-sections analyzed
for the study population was 2491 frames. For each
RA, the mean number of RA cross-sections ana-
lyzed was 27.7 = 5.1 frames. The mean diameter
of the conventional RA was 2.89 + 0.33 mm, and
the mean lumen area of the conventional RA was
6.68 + 1.56 mm”.

Acute injuries of the conventional RA after
the snuffbox approach were observed in 5 (10.9%)
patients. Intimal tears were observed in the RA in
1 (2.2%) case. Intraluminal thrombi, without vessel
injury, were detected in the RA in 4 (8.7%) cases.
However, medial dissections were not observed in
the OCT analyses.

Discussion

In the present study, the diameter and the lu-
men area of the conventional RA, as assessed by

Table 1. Baseline and procedural characteristics
of the study population.

Clinical characteristics (n = 46) Value

Age [years] 65.1 = 10.3
Male 39 (84.85)
BMI [kg/m?] 24.0 = 2.9
BSA [m?] 1.78 = 0.16
Hypertension 49 (49.0%)

Diabetes mellitus 30 (30.0%)

Dyslipidemia 33 (33.0%)
Current smoking 51 (51.0%)
LVEF [%] 63.7 = 10.7
Serum creatinine [mg/dL] 1.0 £ 0.8
Indication: 100 (100%)
Stable angina pectoris 16 (34.8%)
NSTE-ACS 26 (56.5%)
STEMI 4 (8.7%)
Left snuffbox approach 31 (67.4%)
Use of 6-Fr sheath 46 (100%)

Target vessel (n = 44):

Left anterior descending artery 26 (59.1%)

Left circumflex artery 7 (15.9%)

Right coronary artery 8 (18.2%)

Left main artery 3 (6.8%)
Stent implantation 42 (91.3%)

Values are presented as mean = standard deviation or number (%);
BMI — body mass index; BSA — body surface area; LVEF — left
ventricular ejection fraction; NSTE-ACS — non-ST-segment
elevation acute coronary syndrome; STEMI — ST-segment elevation
myocardial infarction

Table 2. Evaluation of radial artery (RA) by
optical coherence tomography (n = 46).

Parameters Value
Number of total analyzed cross 2491
sections [frame]
Mean length of cross sections 27.7 = 5.1
of analyzed RA [mm]
Mean diameter of conventional 2.89 + 0.33
RA [mm)]
Mean lumen area of conventional 6.68 + 1.56
RA [mm?]
Acute injury of RA after snuffbox 5 (10.9%)
approach:
Intimal tear 1(2.2%)
Intraluminal thrombus 4 (8.7%)
Medial dissection 0 (0%)

Values are presented as mean =+ standard deviation or number (%).

OCT, were 2.89 + 0.33 mm and 6.68 = 1.56 mm?,
respectively. Moreover, among 46 OCT pullback
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images of the RA, acute vessel injury of the con-
ventional RA was rarely observed. There was only
1 case of intimal tear (2.2%); although, 4 cases of
intraluminal thrombi, without vessel injury (8.7%),
were observed. According to available research,
this is the first study to evaluate acute injury of
the conventional RA with OCT after coronary
intervention via the snuffbox approach.

Several studies have reported on the diameter
of the RA. In a previous study, the diameter of the
conventional RA was 2.72 mm in Korean patients,
as noted with quantitative coronary angiography
(QCA) [13]. In other studies, the diameter of the
conventional RA was reported to be 2.7-3.1 mm,
as assessed by vascular ultrasonography [15-17].
These findings were similar to the present RA di-
ameter findings. However, several studies reported
the lumen diameter measured using QCA was
significantly smaller, approximately 5% smaller,
compared to that determined using OCT [18, 19].
Therefore, the accurate RA diameter measured
using OCT in the present study is expected to aid
interventional cardiologists.

Several studies have reported that the occur-
rence of conventional RAO was rare, confirmed
by vascular ultrasonography, after the snuffbox
approach (0.27%, 1/366) [8, 16, 17]. Mizuguchi
et al. [16] reported that the incidence of conven-
tional RAO at 1-month, as evaluated by vascular
sonography, was very rare (0.4%, 1/228). Moreover,
snuffbox approach does not lead to direct damage
of the conventional RA by arterial puncture and
sheath insertion. Therefore, it is expected that the
snuffbox approach would be beneficial for patients
with end-stage renal disease (ESRD) or chronic
kidney disease (CKD) in whom the RA must be
preserved for the creation of the arteriovenous
fistula. The protection of the RA by the snuffbox
approach is expected; however, no studies have
assessed the conventional RA using intravascular
imaging modalities. OCT can provide superior
resolution (10 um) for the visualization of the
three layers of the artery: the intima, media, and
adventitia [20, 21]. OCT evaluated the whole RA at
the conventional radial puncture site in the present
study and it clearly demonstrated that acute vessel
injury of the RA after the snuffbox approach was
infrequent. Therefore, this study reaffirms the po-
tential benefits of the snuffbox approach in terms
of the preservation of the conventional RA and the
feasible access-site for CAG or PCI in patients with
CKD or ESRD.

Limitations of this study

There are several limitations of the present
study. First, for each patient, the snuffbox approach
was performed by a single experienced radial
operator at each hospital. Second, this study did
not have a control group. Therefore, some selec-
tion bias may have influenced the results. Third,
inter-observer and intra-observer variability of
OCT analysis were not evaluated. Fourth, only
Korean patients were enrolled in this study. Fifth,
short-term or long-term patency of RA with using
vascular ultrasound was not evaluated. Thus, the
present results should be carefully interpreted.
Despite these limitations, the study findings are
expected to aid physicians in understanding the
feasibility of the snuffbox approach for the preser-
vation of the conventional RA.

Conclusions

This retrospective OCT-based study indicated
that the diameter of the conventional RA was
2.89 + 0.33 mm and that acute vessel injury of the
conventional RA was rare in patients who underwent
coronary intervention via the snuffbox approach. In
the future, a large prospective multi-national study
is needed to evaluate the long-term patency of con-
ventional RA after the snuffbox approach.
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Abstract

Background: It remains unclear whether P2Y ;, monotherapy, especially clopidogrel, following short-
-duration dual antiplatelet thevapy (DAPT) is associated with favorable outcomes in patients undergoing
complex percutaneous coronary intervention (PCI). Therefore, this study analyzed the efficacy and safety
of P2Y ,, inhibitor monotherapy, mostly clopidogrel (78%), in complex PCI following short-term DAPT.
Methods: The post-hoc analysis of the SMART-CHOICE trial involving 2,993 patients included 498
cases of complex PCIs, defined by at least one of the following features: 3 vessels treated, > 3 stents im-
planted, > 3 lesions treated, bifurcation with > 2 stents implanted, and a total stent length of > 60 mm.
The primary endpoint was major adverse cardiac and cerebrovascular event (MACCE), defined as the
composite of all-cause death, myocardial infarction, and stroke. The primary safety endpoint included
bleeding, defined as Bleeding Academic Research Consortium (BARC) types 2 to 5.

Results: Complex PCI group had a higher risk of MACCE (4.0% vs. 2.3%, hazard ratio [HR] = 1.74,
95% confidence interval [CI]: 1.05-2.89, p = 0.033) and a similar risk of BARC types 2-5 bleeding
(2.6% vs. 2.6%, HR = 1.02, 95% CI: 0.56-1.86, p = 0.939) compared with those without complex
PCIs. Patients undergoing complex PCIs, followed by P2Y ,, inhibitor monotherapy and 12 months of
DAPT exhibited similar rates of MACCE (3.8% vs. 4.2%, HR = 0.92, 95% CI: 0.38-2.21, p = 0.853).

Conclusions: P2Y;, inhibitor monotherapy, mostly clopidogrel, following 3 months of DAPT did not

increase ischemic events in patients with complex PCIs. (Cardiol ] 2021; 28, 6: 855-863)
Key words: clopidogrel, high-risk, percutaneous coronary intervention
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Introduction

With the development of new-generation drug-
-eluting stents (DES), several studies including
GLOBAL-LEADERS, TWILIGHT, TICO, and the
SMART-CHOICE trial have reported the safety
and effectiveness of P2Y,, monotherapy follow-
ing short-term dual antiplatelet therapy (DAPT)
[1-4]. However, short-term DAPT therapy in
complex percutaneous coronary intervention (PCI)
remains a concern. The concept of complex PCI
has been recently proposed [5]. However, there is
currently no universal definition of a complex PCI.
In general, complex PCI includes bifurcation with
2 stent implants, > 3 stents implanted, > 3 lesions
treated, and total stent length > 60 mm or stent
with chronic total occlusion lesions [6]. Patients
with complex PCls carry a higher risk of ischemic
adverse events that is proportional to their burden
and severity of coronary artery disease [7], and re-
quire longer DAPT to prevent ischemic events [8].
Although prolonged DAPT is associated with
a potential benefit in preventing ischemic events,
it also increases bleeding risk, which is correlated
with the morbidity and mortality of patients [9].
Sub-group analyses of complex PCI focusing on
monotherapy with ticagrelor, but not clopidogrel

which is used more in real-world practice showing
favorable ischemic outcomes [6, 10].

The aim of this present sub-study of the
SMART-CHOICE trial was to investigate the effec-
tiveness and safety of P2Y,, inhibitor monotherapy,
mostly clopidogrel (78%), following short-term
DAPT in patients with complex PCI compared with
12 months of DAPT.

Methods

Study design

This study involved a post-hoc analysis of the
SMART-CHOICE trial, a multicenter, prospective
open-label randomized clinical trial NCT02079194).
The study design and protocol have been reported
in detail elsewhere [2]. In brief, the trial random-
ly assigned patients to two groups before PCI:
(1) 3 months of DAPT (acetylsalicylic acid [ASA]
and a P2Y,, inhibitor), followed by 9 months of P2Y,,
inhibitor monotherapy, and (ii) 12 months of DAPT.
The trial was designed and coordinated by the Aca-
demic Clinical Research Organization of Samsung
Medical Center (Seoul, Korea). The trial randomized
a total of 2,993 patients at 33 hospitals. This trial was
approved by the Institutional Review Board of each
center. The study followed the ethical principles of
the Declaration of Helsinki. All patients provided
written informed consent before participating in
the trial. Patients and the public were not involved
in the design of conduct in this research.
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In the present analysis, complex PCI was de-
fined by at least one of the following angiographic
characteristics: 3 vessels treated, > 3 stents im-
planted, > 3 lesions treated, bifurcation PCI with
> 2 stents, and a total stent length of > 60 mm.
These five high-risk features of complex percuta-
neous procedures for ischemic events have been
reported in previous studies [10].

Study endpoints

The primary efficacy endpoint included ma-
jor adverse cardiac and cerebrovascular event
(MACCE) defined as a composite of all-cause
death, myocardial infarction (MI), and stroke at
1 year after the index procedure. The primary safe-
ty endpoint was bleeding defined as Bleeding Aca-
demic Research Consortium (BARC) types 2to 5 at
12 months after the index procedure.

Definitions

Unless a definite noncardiac cause could be es-
tablished, cardiac disease was assumed as the default
cause of death. Myocardial infarction was defined as
elevated cardiac enzyme levels (cardiac troponin or
myocardial band fraction of creatine kinase) above the
upper reference limits with ischemic symptoms or
electrocardiographic findings indicative of ischemia.
However, periprocedural enzyme elevations within
48 hours after the index procedure without concomi-
tant ischemic symptoms or electrocardiographic
findings indicative of ischemia were excluded from
the endpoint assessment. Stroke was defined as any
nonconvulsive focal or global neurologic deficit of
abrupt onset lasting more than 24 hours or leading
to death caused by cerebral ischemia or hemor-
rhage. Stent thrombosis was defined as definite or
probable type according to the Academic Research
Consortium classification [11]. Major bleeding was
defined as BARC types 3, 4, and 5 [12].

Statistical analysis

Categoric variables are presented as numbers
and percentages and were compared using the
«* test or the Fisher exact test. Continuous varia-
bles are presented as the mean * standard devia-
tion and compared using the Student t-test. The
cumulative incidence of clinical events up to 1 year
was calculated using the Kaplan-Meier method
and compared using the log-rank test. The hazard
ratio (HR), with a 95% confidence interval (CI)
was derived from a Cox regression model. Sub-
group analyses of the outcomes were performed to
evaluate the effects of P2Y,, inhibitor monotherapy

Ji Woong Roh et al., P2Y,, monotherapy in complex PCI
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Figure 1. Prevalence of complex percutaneous coronary
intervention components.

compared with DAPT using Cox regression models
with tests for interaction. All tests were two-sided
and a p-value of < 0.05 was considered statistically
significant. All analyses were performed using
R version 3.5.0 (R Foundation for Statistical Com-
puting, Vienna, Austria).

Results

The SMART-CHOICE trial randomized
a total of 2,993 patients including 498 treated with
complex PCIs and 2,495 undergoing non-complex
PClIs. The prevalence of complex PCI components
in the overall population is shown in Figure 1. The
baseline clinical and procedural characteristics ac-
cording to PCI complexity are summarized in Table 1.
Of the patients, 76.3% (380/498) who underwent
complex PCIs and 83.8% (1961/2495) of those
who underwent non-complex PCIs were exposed
to clopidogrel-based therapy. Patients undergoing
complex PCIs manifested higher rates of hyperten-
sion, diabetes mellitus, and chronic renal failure,
but lower rate of prior revascularization, and low
ejection fraction. Angiographically, the complex
PCI group had more diseased, treated lesions,
and total stents implanted, with increased usage
of intravascular ultrasound.

At 1 year, the patients who underwent complex
PClIs carried higher rates of MACCE (4.0% vs. 2.3%,
HR = 1.74,95% CI: 1.05-2.89, p = 0.033), all-cause
death (2.6% vs.1.0%, HR = 2.52,95% CI: 1.30-4.90,
p = 0.007), cardiac death (1.6% vs. 0.6%, HR = 2.51,
95% CI: 1.08-5.88, p = 0.033), and stent thrombo-
sis (0.6% vs. 0.1%, HR = 7.53, 95% CI: 1.26-45.06,
p = 0.027). However, BARC bleeding types 2-5
showed similar rates (2.6% vs. 2.6%, HR = 1.02,
95% CI: 0.56-1.86, p = 0.939) in the complex and
non-complex PCI groups (Table 2, Fig. 2).
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Table 1. Baseline and procedural characteristics in patients according to percutaneous coronary
intervention (PCl) complexity

Complex PCI (n = 498) Non-complex PCI (n = 2495) P value

Age [years] 64.4 + 10.7 64.5 + 10.7 0.755
Male 376 (75.5%) 1822 (73.0%) 0.220
Body mass index 24.7 = 3.1 24.6 = 3.1 0.340
Hypertension 340 (68.3%) 1500 (60.1%) 0.001
Diabetes mellitus 218 (43.8%) 904 (36.3%) 0.002
Dyslipidemia 222 (44.6%) 1130 (45.5%) 0.767
Current smoking 127 (25.5%) 664 (26.7%) 0.630
Prior myocardial infarction 18 (3.6%) 109 (4.4%) 0.520
Prior revascularization 44 (8.8%) 305 (12.2%) 0.037
Prior stroke 41 (8.2%) 160 (6.4%) 0.168
Chronic renal failure 28 (5.6%) 69 (2.8%) 0.002
LVEF [%] 58.1 + 11.9 60.3 = 10.5 < 0.001
Acute coronary syndrome 288 (57.8%) 1453 (58.3%) 0.891
Shorter DAPT 260 (52.2%) 1235 (49.5%) 0.350
Clopidogrel based therapy 380 (76.3%) 1961 (83.8%) 0.258
Procedural characteristics
No. of diseased lesion/patient 2.39 = 0.85 1.23 £ 0.47 < 0.001
No. of lesions stented/patient 2.37 = 0.78 1.18 £ 0.38 < 0.001
No. of stents implanted/patient 2.75 £ 0.78 1.22 = 0.43 < 0.001
Target vessels:

Left main 9 (1.8%) 49 (2.0%) 0.957

Left anterior descending 382 (76.7%) 1471 (59.0%) < 0.001

Left circumflex 235 (47.2%) 540 (21.6%) < 0.001

Right coronary 313 (62.9%) 735 (29.5%) < 0.001
Trans radial approach 367 (73.7%) 1815 (72.7%) 0.704
Use of IVUS 156 (31.5%) 622 (25.0%) 0.004

DAPT — dual antiplatelet therapy; IVUS — intravascular ultrasound; LVEF — left ventricular ejection fraction

Table 2. Clinical outcomes in patients according to percutaneous coronary intervention (PCl) complexity.

Complex PCI Non-complex PCI Univariate P value
(n = 498) (n = 2495) hazard ratio
MACCE 20 (4.0%) 58 (2.3%) 1.74 (1.05-2.89) 0.033
Bleeding BARC type 2-5 13 (2.6%) 64 (2.6%) 1.02 (0.56-1.86) 0.939
All death: 13 (2.6%) 26 (1.0%) 2.52 (1.30-4.90) 0.007
Cardiac death 8 (1.6%) 16 (0.6%) 2.51 (1.08-5.88) 0.033
Non-cardiac death 5 (1.0%) 10 (0.4%) 2.52 (0.86-7.38) 0.091
Myocardial infarction 6 (1.2%) 22 (0.9%) 1.38 (0.56-3.40) 0.487
Stroke 3 (0.6%) 13 (0.5%) 1.16 (0.33-4.07) 0.816
Stent thrombosis 3 (0.6%) 2 (0.1%) 7.53 (1.26-45.06) 0.027
Major bleeding® 2 (0.4%) 24 (1.0%) 0.42 (0.10-1.77) 0.236

*BARC type 3 to 5 bleeding; BARC — Bleeding Academic Research Consortium; MACCE — major adverse cardiac and cerebrovascular event
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Figure 2. Cumulative incidence of events at 1 year on crude analysis according to complex and non-complex per-
cutaneous coronary interventions (PCl); A. Major adverse cardiovascular and cerebrovascular events (MACCE);
B. Bleeding Academic Research Consortium (BARC) types 2-5; Cl — confidence interval; HR — hazard ratio.

Baseline characteristics according to the an-
tiplatelet regimen used in patients with complex
and non-complex PCls are presented in Table 3.
No significant differences were found in any vari-
ables. The effects of DAPT and P2Y,, inhibitor
monotherapy in the complex and non-complex
PCI groups are presented in Table 4 and Figure 3.
In non-complex PCI, P2Y,, monotherapy showed
similar MACCE rates (2.6% vs. 2.1%; HR = 1.27;
95% CI: 0.76-2.14; p = 0.359) and significantly
lower BARC 2-5 bleeding rates (1.9% vs. 3.3%;
HR = 0.57; 95% CI: 0.34-0.96; p = 0.033) com-
pared with the DAPT group. Similar MACCE
rates were found among patients exposed to P2Y,,
inhibitor monotherapy and DAPT (3.8% vs. 4.2%;
HR = 0.92; 95% CI: 0.38-2.21; p = 0.853). P2Y,,
monotherapy was associated with lower BARC
2-5bleeding rates compared with the DAPT group
without statistical significance (1.9% vs. 3.4%;
HR = 0.58; 95% CI: 0.19-1.77; p = 0.340). The
interaction was not statistically significant be-
tween complex and non-complex PCI groups with
MACCE (interaction p = 0.483) and BARC bleed-
ing types 2-5 (interaction p = 0.904).

Discussion

The current study compared the clinical out-
comes of patients treated with P2Y,,inhibitor mo-
notherapy, mostly clopidogrel, following 3 months
of DAPT and 12 months of standard DAPT

according to the PCI complexity. The findings of
this study were as follows. First, patients undergo-
ing complex PClIs carried a higher risk of ischemic
and similar risk of bleeding events than those with
non-complex PCIs. Second, patients with complex
PClIs treated with P2Y,, inhibitor monotherapy,
mostly clopidogrel, following short-term DAPT
showed favorable ischemic outcomes comparable
to those 12 months of DAPT.

Regarding new-generation DESs, compared
with standard DAPT, patients treated with PCI
undergoing P2Y,, inhibitor monotherapy following
short-term DAPT showed non-inferior ischemic
outcomes [2]. P2Y,, inhibitor monotherapy reduced
the risk of bleeding compared with DAPT [13].
These results suggest that P2Y,, inhibitor mono-
therapy after short-term DAPT might be compa-
rable to long-term DAPT for preventing ischemic
events, with a lower risk of bleeding in patients
undergoing PCIs with new-generation DESs.
However, the risk-benefit profile of antiplatelet
therapy regimens and their duration in patients
with complex PCI remains disputed.

The concept of complex PCI has recently
been proposed along with improvement in PCI
techniques, adjunct pharmacological therapy, and
the development of new-generation DES. How-
ever, currently, there is no universal definition of
complex PCI in terms of angiographic or lesion
characteristics. In the present study, the definition
proposed by Serruys et al. [10], was used.
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Table 3. Baseline and procedural characteristics stratified according to percutaneous coronary
intervention (PCl) complexity and randomized regimen.

Complex PCI (n = 498)

Non-complex PCI (n = 2495)

P2Y., DAPT P P2Y,, DAPT P
monotherapy (n = 238) monotherapy (n = 1260)
(n = 260) (n = 1235)
Age [years] 64.7 = 10.5 64.0 = 10.9 0.458 64.6 = 10.8 64.4 = 10.6 0.695
Male 191 (73.5%) 185 (77.7%) 0.316 896 (72.6%) 926 (73.5%) 0.628
Body mass index 24.6 = 3.3 248 + 2.9 0.680 245 + 3.1 24.7 + 3.2 0.101

177 (68.1%)
119 (45.8%)
115 (44.2%)
67 (25.8%)

Hypertension
Diabetes mellitus
Dyslipidemia
Current smoking

163 (68.5%) 0.978
99 (41.6%) 0.397
107 (45.0%) 0.942
60 (25.2%) 0.968

744 (60.3%)
451 (36.6%)
558 (45.3%)
357 (29.0%)

756 (60.0%) 0.914
453 (36.0%) 0.766
572 (45.7%) 0.904
307 (24.4%) 0.072

Prior myocardial infarction 9 (3.5%) 9 (3.8%) 0.987 53 (4.3%) 56 (4.4%) 0.929
Prior revascularization 19 (7.3%) 25 (10.5%) 0.272 153 (12.4%) 152 (12.1%) 0.840
Prior stroke 22 (8.5%) 19 (8.0%) 0.975 77 (6.2%) 83 (6.6%) 0.789
Chronic renal failure 16 (6.2%) 12 (5.0%) 0.731 28 (2.3%) 41 (3.3%) 0.168
LVEF [%] 58.3 = 10.9 57.9 + 11.6  0.657 60.2 = 10.1 60.2 = 9.8 0.950
Acute coronary syndrome 142 (54.6%) 146 (61.3%) 0.153 728 (58.9%) 725 (57.6%) 0.163
Clopidogrel based therapy 198 (76.2%) 182 (76.5%) 0.934 967 (78.3%) 994 (78.9%) 0.720
Procedural characteristics
No. of diseased lesion/patient 2.39 + 0.95 2.39 +0.79 0.336 1.23 £ 0.40 1.23 = 0.51 0.307
No. of lesions stented/patient 2.37 = 0.58 2.37 = 0.91 0.144 1.18 £ 0.41 1.18 £ 0.36  0.381
No. of stents implanted/patient ~ 2.75 + 0.82 2.75 £ 0.71 0.347 1.22 = 0.41 1.22 = 045 0.662
Target vessels:

Left main 5(1.9%) 4 (1.7%) 0.419 20 (1.6%) 29 (2.3%) 0.279

193 (74.2%)
123 (47.3%)
156 (60.0%)
191 (73.5%)
82 (31.7%)

Left anterior descending
Left circumflex
Right coronary
Trans radial approach
Use of IVUS

189 (79.4%)  0.208
112 (47.1%)  0.853
157 (66.0%)  0.199
176 (73.9%)  0.983
74 (31.2%) 0.954

710 (57.5%)
276 (22.3%)
368 (29.8%)
900 (72.9%)
290 (23.6%)

761 (60.4%) 0.151
264 (21.0%) 0.425
367 (29.1%) 0.746
915 (72.6%) 0.922
332 (26.4%) 0.110

DAPT — dual antiplatelet therapy; IVUS — intravascular ultrasound; LVEF — left ventricular ejection fraction

The study pooled patient-level data from
6 randomized controlled trials and compared long-
-term (= 12 months) and short-term (3 or 6 months)
DAPT following ASA monotherapy in patients un-
dergoing complex PCIs. The results showed that
long-term DAPT significantly reduced MACCEs
compared with short-term DAPT in the complex
PCI group. That study also found that the benefit
of long-term DAPT was increased additively with
each increase in procedural complexity. However,
the ischemic benefit of extended DAPT was offset
by an increased risk of bleeding [14].

P2Y,, inhibitor monotherapy has been sug-
gested as a new alternative antiplatelet strategy to
ASA because it reduced the cardiovascular events
and gastrointestinal bleeding [15]. Recently, 4 large

randomized clinical trials showed favorable results
with P2Y,, inhibitor monotherapy after short-term
DAPT. Among them, sub-analyses of the Global
Leaders and TWILIGHT trials showed efficacy
and safety of ticagrelor monotherapy in complex
PCI. A post-hoc study of the Global Leaders trial
revealed that 23 months of ticagrelor monotherapy
following 1 month of DAPT provided a net clinical
benefit for patients with complex PCIs [10]. The
post-hoc study of the TWILIGHT trial showed
that ticagrelor monotherapy was associated with
alower incidence of bleeding without an increased
risk of ischemic events compared with continuing
ticagrelor plus ASA for 12 months among patients
undergoing complex PCls [6]. In contrast to the
previous 2 sub-studies, the present study used
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Table 4. Comparison of clinical outcomes in patients stratified according to percutaneous coronary
intervention (PCl) complexity and randomized regimen.

Percent (number) Hazard ratio P value Interaction p
P2Y., monotherapy DAPT

MACCE:
Complex 3.8% (10/260) 4.2% (10/238) 0.92 (0.38-2.21) 0.853 0.483
Non-complex 2.6% (32/1235) 2.1% (26/1260) 1.27 (0.76-2.14) 0.359

Bleeding BARC type 2-5:
Complex 1.9% (5/260) 3.4% (8/238) 0.58 (0.19-1.77) 0.340 0.904
Non-complex 1.9% (23/1235) 3.3% (41/1260) 0.57 (0.34-0.96) 0.033

All death:
Complex 3.1% (8/260) 2.1% (5/238) 1.48 (0.48-4.51) 0.494 0.646
Non-complex 1.1% (13/1235) 1.0% (13/1260) 1.03 (0.48-2.22) 0.942

Cardiac death:
Complex 1.9% (5/260) 1.3% (3/238) 1.54 (0.37-6.42) 0.557 0.671
Non-complex 0.5% (6/1235) 0.8% (10/1260) 0.62 (0.23-1.70) 0.351

Non-cardiac death:
Complex 1.2% (3/260) 0.8% (2/238) 1.39 (0.23-8.31) 0.719 0.210
Non-complex 0.6% (7/1235) 0.2% (3/1260) 2.40 (0.62-9.27) 0.205

Myocardial infarction:
Complex 0.8% (2/260) 1.7% (4/238) 0.46 (0.09-2.53) 0.375 0.306
Non-complex 0.7% (9/1235) 1.0% (13/1260) 0.71 (0.31-1.67) 0.438

Stroke:
Complex 0% (0/260) 1.3% (3/238) 0.01(0.01-153.1)  0.369 0.126
Non-complex 0.9% (11/1235) 0.2% (2/1260) 5.69 (1.26-25.67)  0.024

Stent thrombosis:
Complex 0.8% (2/260) 0.4% (1/238) 1.82(0.17-20.11)  0.624 0.320
Non-complex 0.1% (1/1235) 0.1% (1/1260) 1.02 (0.06-16.36)  0.987

Major bleeding:
Complex 0% (0/260) 0.8% (2/238) 0.01(0.01-125.1)  0.464 0.721

Non-complex 1.0% (12/1235)

1.0% (12/1260) 1.03 (0.46-2.30) 0.939

BARC — Bleeding Academic Research Consortium; DAPT — dual antiplatelet therapy; MACCE — major adverse cardiac and cerebrovascular

event

P2Y,, inhibitor monotherapy, mostly clopidogrel,
in more than three-quarters of the total study
population following 3 months of DAPT. Although
clopidogrel is most often used after PCI in real-
-world clinical practice, clopidogrel monotherapy
may be inadequate in preventing ischemic events
associated with complex PCIs due to less potency
and wide individual variability of the drug response.

Although the current study involved only East
Asians who carry a lower ischemic risk than West-
erners, P2Y,, inhibitor monotherapy, mostly clopi-
dogrel, did not increase the ischemic risk compared
with 12 months of DAPT. However, patients with
P2Y,, monotherapy carrying non-complex lesions
showed significantly lower bleeding rates (1.9% vs.

3.3%; HR = 0.57, 95% CI: 0.34-0.96; p = 0.033)
than patients with 12 months of DAPT, although
the patients with complex PCIs did not show
significantly lower bleeding rates (1.9% vs. 3.3%;
HR = 0.58, 95% CI: 0.19-0.77; p = 0.340). The
p-value for the interaction between the two treat-
ment arms was close to one, which is thought to be
a type II statistical error due to the small sample
size, and P2Y,, monotherapy also might have a fa-
vorable effect on bleeding events in complex PCls.

An expert consensus suggested that the selec-
tion and duration of the antiplatelet agents should
be individualized by balancing ischemic and bleed-
ing risks. Accordingly, three scoring systems were
developed, including the PRECISE-DAPT score to
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Figure 3. Cumulative incidence of events at 1 year after randomization according to randomization group (dual
antiplatelet therapy [DAPT] vs. P2Y,, monotherapy) in subjects with and without complex percutaneous coronary
interventions (PCl); A. Major adverse cardiovascular and cerebrovascular events (MACCE); B. Bleeding Academic
Research Consortium (BARC) types 2-5; Cl — confidence interval; HR — hazard ratio.

facilitate the selection and duration of antiplate-
let agents for patients with high bleeding risk
(PRECISE-DAPT score > 25) [16]. In a study of
patients who underwent complex PCI and using
PRECISE-DAPT score, the long-term DAPT was
associated with net adverse clinical events (NACE)
only if the bleeding risk was low (PRECISE-DAPT
score < 25) and no ischemic benefit and significantly
higher bleeding events in patients with high bleed-
ing risk (PRECISE-DAPT score > 25) [17]. In the
present study of complex PCI stratified according to
PRECISE-DAPT score, the high bleeding risk
group was associated with higher rates of MACCE
and NACE. In particular, the high bleeding risk
group, unlike the low bleeding risk group, mani-
fested fewer BARC type 2-5 bleeding events and
a HR 0.35 in the P2Y,, monotherapy group, without
statistical significance due to the possibility of type 2
error associated with small sample size (Suppl.
Table 1). Another significant feature in this study
was that intravascular ultrasound was used more
in the complex PCI group, which may have affected
lower ischemic events in the P2Y,, monotherapy
group. Recently, the European Bifurcation Club
proposed an algorithm for DAPT duration after PCI
for bifurcation with a higher risk of both procedural
and long-term adverse events. They proposed that
decisions of DAPT duration should be based on the
clinical presentation, bleeding risk, stenting strat-

egy, and the possible use of intracoronary imaging.
When confirming coronary imaging during PCI, the
duration of DAPT should be reduced [18].

Limitations of the study

The present study has notable strengths asso-
ciated with a well-randomized study design involv-
ing mainly clopidogrel but also had several limita-
tions. First, the present study on complex PCI
was not pre-specified in the protocol. Therefore,
the current findings must only be interpreted as
hypothesis-generating. Confirmatory randomized
trials for complex PCI with proper antiplatelet
therapy are still needed in the future. Second, the
complexity of coronary anatomy and lesions were
site-reported, not reviewed by an angiographic core
laboratory. Thus, they might not have included all
angiographic markers of lesion complexity or risk.
Third, in bleeding events of complex PCI, P2Y,,
inhibitor monotherapy resulted in fewer bleeding
events without statistical significance due to type Il
error associated with a small sample size. Unfor-
tunately, the advantage of P2Y,, monotherapy with
fewer bleeding events in complex PCIs could not
be established. Fourth, the study findings cannot
be generalized to Western patients because all
patients were East Asians who were relatively
resistant to ischemic events but more susceptible
to bleeding events.
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Conclusions

In conclusion, compared with patients treated
with non-complex PClIs, patients with complex
PCIs carried a higher risk of ischemic events at
1 year. P2Y,, inhibitor monotherapy, mostly with
clopidogrel, following 3 months of DAPT resulted
in favorable ischemic events comparable to the
standard 12 months of DAPT regimen for com-
plex PCIs. These findings need to be considered
as hypothesis-generating. This study should be
viewed as a dedicated prospective trial of proper
antiplatelet regimen for complex PCI.
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Abstract

Background: Non-invasive assessment of stroke volume (SV), cardiac output (CO) and cardiac index
(CI) has shown to be useful for the evaluation, diagnosis and/or management of different clinical condi-
tions. Through pulse contour analysis (PCA) cuff-based oscillometric devices would enable obtaining
ambulatory operator-independent non-invasive hemodynamic monitoring. There are no reference inter-
vals (RIs), when considered as a continuum in childhood, adolescence and adult life, for PCA-derived
SV [SV(PCA)], CO [CO(PCA)] and CI [CI(PCA)]. The aim of the study were to analyze the associa-
tions of SV(PCA), CO(PCA) and CI(PCA) with demographic, anthropometric, cardiovascular risk
factors (CVRFs) and hemodynamic parameters, and to define RIs and percentile curves for SV(PCA),
CO(PCA) and CI(PCA), considering the variables that should be considered when expressing them.
Methods: In 1449 healthy subjects (3—-88 years) SV(PCA), CO(PCA) and CI(PCA) were non-inva-
stvely obtained (Mobil-O-Graph; Germany). Analysis: associations between subject characteristics and
SV(PCA), CO(PCA) and CI(PCA) levels (correlations; regression models); RIs and percentiles for
SV(PCA), CO(PCA) and CI(PCA) (parametric methods, fractional polynomials).

Results: Sex, age, and heart rate would be explanatory variables for SV, CO, and CI levels. SV levels
were also examined by body height, while body surface area (BSA) contributing to evaluation of CO
and CI. CVRFs exposure did not contribute to independently explain the values of the dependent vari-
ables. SV, CO and CI levels were partially explained by the oscillometric-derived signal quality. RIs and
percentiles were defined.

Conclusions: Reference intervals and percentile for SV(PCA), CO(PCA) and CI(PCA), were defined
for subjects from 3-88 years of age, results are expressed according to sex, age, heart rate, body height
and/or BSA. (Cardiol ] 2021; 28, 6: 864-878)
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Introduction

Non-invasive assessment of left ventricle
stroke volume (SV), cardiac output (CO) and
cardiac index (CI) were shown to be useful for
the evaluation, diagnosis and/or management
of different clinical and physiological conditions
in both pediatric, and adult populations [1, 2].
Several non-invasive and/or minimally invasive
approaches have been proposed to determine SV,
CO and CI (i.e. transpulmonary-thermodilution,
thoracic bioimpedance-bioreactance, ultrasonog-
raphy). Among them, echocardiography stands
out as a method widely used and recommended in
clinical practice [3-5]. However, different factors
contribute to circumscribe the use of echocardi-
ography to certain contexts and conditions, limit-
ing its widespread use (i.e. for community-based
epidemiological studies). Among those factors
are: (1) physical (size) restrictions and cost of the
devices, (2) operator-dependency and the need for
a learning-curve, (3) inability to obtain adequate
records in many subjects or conditions, (4) different
acquisition approaches may affect measurement
variability, (5) a relatively long period of time is
required to complete a study and/or (6) ambulatory
records or continuous monitoring of the variables
cannot be obtained [6, 7]. Pulse contour analysis
(PCA) of blood pressure (BP) waveforms obtained
non-invasively would enable estimating the SV, CO
and CI [8-12]. Among the different approaches
and devices available, the cuff-based oscillometric
devices would be of choice, in cases of population
studies within a community, taking into account
their portability, high speed of measurement (2-3
min), operator-independence and need for minimal
collaboration of the subject (e.g. children) [13-15].

In both, pediatric and adult populations, there
is scarce data about normal and reference values
for SV, CO and CI at rest. That is particularly
true for data obtained from PCA. Furthermore,
available information acquired in specific (i.e.
Asian) populations cannot not be extrapolated to
other populations [16, 17]. The present group of
researchers have been working on the identifica-
tion and definition of particular characteristics (i.e.
age-related changes, percentile curves, reference
intervals [RIs]) of cardiovascular variables in
several populations; with special emphasis which
considers childhood, adolescence and/or adult life
as a continuum [18-23].

The main aims herein, were to analyze the as-
sociations of SV(PCA), CO(PCA) and CI(PCA) with
demographic, anthropometric, cardiovascular risk

factors (CVRFs) and hemodynamic parameters, and
to define percentile curves and Rls for SV(PCA),
CO(PCA) and CI(PCA), taking into account the
variables that should be considered when express-
ing them (e.g. age, sex, body surface area [BSA]).

Methods

Healthy subjects (n = 1449; 3-88 years) from
the community were considered for enrolment
(Table 1) [18-22]. Hypertension, diabetes or dys-
lipidemia were considered present if the subject
reported being in treatment and/or a previous
diagnosis of their condition. Subjects were classi-
fied as sedentary when the physical activity they
performed was lower than a moderate intensity of
physical load. Smoking at least one cigarette per
week was defined as a current smoker. Family his-
tory of cardiovascular disease was defined by the
presence of first-degree relatives with premature
cardiovascular disease [18-22]. Body mass index
(BMI) was calculated as the weight-to-squared
height ratio converted into percentiles/z-scores
(subjects < 18 years) [18-22].

Pulse contour analysis

Readings were obtained after 10 min of rest.
The oscillometric-cuff (Mobil-O-Graph; I.LE.M.-
-GmbH, Germany) was placed on the left arm.
The device measured peripheral (brachial) mean
BP (MBP) and determined peripheral systolic BP,
diastolic BP and pulse pressure (pSBF, pDBP, pPP).
Peripheral waveforms were calibrated to pDBP and
calculated MBP (MBP = pDBP + pPP/3). From
the peripheral measurements, the Mobil-O-Graph
determined the central (aortic) BP waveform and
quantified [14, 15]: (1) central systolic BP, diastolic
BP and pulse pressure (cSBP, cDBP, cPP); (2) heart
rate (HR); (3) pulse wave analysis (PWA)-derived
parameters like P1 and P2, augmented pressure
(AP), augmentation index without and with nor-
malization to a HR = 75 beats/min (Alx, AIx@75),
pulse wave velocity (PWV), forward (Pf) and back-
ward (Pb) wave components, reflection coefficient;
(4) SV, CO, CI, and total systemic vascular resistance.
Only data from accurate waves were considered.
Record quality was consigned as an in-device quality
index: (1 — excellent, 2 — good, and 3 — minimally
acceptable record). Data assigned to each subject
were an average of at least three measurements.

Data analysis
Data analysis was done using MedCalc (v.18.5,
MedCalc Inc., Belgium) and IBM-SPSS Statistical

www . cardiologyjournal.org 865



Cardiology Journal 2021, Vol. 28, No. 6

Xapul JeIpIEd — | {S9OUR]SISAL 1e[NOSEA DIWAISAS — YAS ‘INdIN0 delpied — QD {8WN|OA 8)041s — AS ‘AHN00jaA anem asind — AAd ‘1UBIDIHE0D UoNIB|al — JY ‘AjaAioadsal ‘epnijdwe Jusuodwod ainssaid
POO|q D11I0B PIEMIO) PUB pIEMYOR] — Jd PUB gd ‘AjaAnoadsal ‘g pue | awil 1e ainssald poojq — zd pue L4 (9114oq) [esuad pue (Aiaue [elyoeuq) |esaydiuad — e, pue ,d, Xiyaid ‘uiw/sieaq G/ |enba ajel 1eay e BulLiapisuod pazijewlou pue pazi
-|BULIOU-UOU X3pul uolleluswbne — G/YH@X|Y Pue X|y ‘ainssald pajuswbne — dy ‘ydein-Q-jiqoj\ — DOIN ‘uisroadodi) Alsuap ybiy — JgH ‘utelosdodi] Alisuap-mo| — Q7 ‘e4nssald poojq ueaw — 4g|A ‘a4nssaid asind — 44 ‘a4nssaid poojq
aljo1selp — 4gq ‘einssald poojq 21j0isAs — 4GS ‘xapul ssew Apoq — |\|g ‘eale 80epns Apoq — ySg ‘10418 piepuels— IS ‘UOIRIASP piepuels — (S !8N|eA [eWIXeW — X\ {8N[BA [BWIUIW — Ul "P|O SIeaA g| Japun s10a[gns 10} pale|noje),

8Ly  L99 89C €€ 08 88l 980 100 LEE €5 LL'9 €Lt €0E 097 €5l €60 00 9Z€ €S LL9 OLE GL'E 89T €5l €00 060  Z€E [w/nwr] 19
'L Gl 8Z'L Gl 20l 8L0 610 100 Gl €21 86l €L 80L 960 G0 6L0 00 OLL €L 8L SZL L'l 80 SO 6L0 100 ZlL [Tw/BHwuwr's] YAS
8¢ 890 O¥'S 98v ey O0L'E 0L0 €00 16y 0Le OL'L 28S 82S €Ly OvE L0 €00 825 00F OLL €96 906G  vSv OL'E vLO 200 60§ [uwA] 09
18 vl LL 89 86 €€ Gl 6090 19 [+1 GzL 88 08 L9 or Sl 9v90 8L 16 Szl 8 €L 29 £e 0 186Gl €L [1eag/qw] AS
4 ) L [ [+ 12 Z 600 9 6 €l L g [ 14 z L0009 L [} L [ [ 12 Z 0900 9 [s/w] And
19 08 L9 19 2] 6L 0L 10Y0 09 €9 18 L9 19 [+ 8l 6 8860 19 €9 18 L9 19 [+ 8l 6 620 09 [%] 04
147 €9 74 144 8l Ll 9 0920 €z [+ 99 0¢ 74 ¥4 Il 8 8¥€0 9z [ 99 8z €z 6l L 8 €20 ¥ [BHww] )4
1€ e 9l €l I 2 v 9810 L € 8¢ 8l Gl 4} 2 S 6220 9l € 8¢ LL L Ll 12 q 1510 Gl [BHww] g4
IL 9 0¢ 144 1 9 Ll €90 144 0§ (37 0z 4} [ L[~ 0l w0 €l L 9 9 Ll 6 [~ 7L e0 8l [%] GLOXIY
(9 09 8z 6l tl L Ll LS50 144 1§ €9 1z €l 6 14 0L G0 9l L9 09 Z 9l L [~ Ll 0z€0 6L [%] x1v
9€ g€ ol 9 2 14 9 L€20 8 9€ L€ 6 g € L § 0o L Lg 8¢ 6 9 12 ) S z910 8 [BHww] dv
pLL 68l ZLL  #0L  G6 1L Gl 9190 S0l €L 08l 1zl 0Ll 0L L 9L 6990 LLL Ll G8L 8Ll LOL L6 IL 9L $9v0 80l [BHww] zd
8 151 t0L 96 68 9 7L 980 L6 88 791zl $0L 96 L #0850 GO 6 791 60L 00l 26 9 €L $6€0  lOL [BHww] 14
L9 28 6€ €e 8z Gl 0L 60Y0 e €L 88 St 8¢ € Gl ZL €050 Of €L 88 14 13 0¢ GL Ll zee0 g [BHww] dde
L L oL €9 8€ Il phv0 I 26 €€l 6L 0L 9 1) IL o Lyo oz 6 €€l 8L 0L €9 8¢ Ll 9ze0 1L [BHww] 4gage
pLL 68l ZLL  #0L 66 1L 6L 9190 0L €0L 08L 1zl 0Ll 0L L 9L 090 LIl Ll G8L 8Ll LOL L6 IL 9L $9v0 80l [BHww] 4gse
6 GeL 8 L 99 It 7l 96§50 9L 88 1zZL 8L 89 09 €€ €L 6€50 0L z0L  SEL 18 1L 29 €€ vl 0b0 €L [uiwy/syeaq] (90IN) a1es Leay
09 68 5 8y 127 62 6 LLED 8y LL G0L 9§ 6 (3 8 0L 00v0 0§ LL oL [+ 8y (32 8z 6 920 6 [BHww] dqd
SL [T 89 29 9 Ll ppp0 oL 06 leL L 69 29 It Il 80 0L 6 LEL 9L 69 29 9 1l 9ze0  OL [BHww] 4agd
98 ovlL 16 8 8L vS 1L 2970 8 8 gyl €6 98 6L 19 Il L9v0 L8 6 8yl €6 8 6L ¥5 1L 6Z€0 98 [BHww] (€€"0 :10308} Wii0} :paje|najed) dgind
€L 66l Gzl Gl 80l 98 bl 1850 8Ll 1Ll 9L 8L 6Ll Zll S8 €L 2§50 O0ZL vl 66L 92zl 8Ll OLL S8 pL  ZOKO 6Ll [BHww] 4gsd
%S0 %L°E %81 (.400d,) €
%L°LE %L'9E %6°9€ (.poob Asap,) Z
%29 %2'09 %E'19 (.,3u8)j0x3,) |
:(8]qenen |eauofiajea) Ayjenb jeubis
00Z 00€ SGLL Ol ELL 00l 8E0 200 St'L 00Z 00€ GLL OFL LL'L 00L 9¥0 200 6v'L  00Z 00 SLL Ol €L 00L Zv0 100 Lt (a1qetiea snonuiuod) Ayjenb eubig
€7 967 66 16 8 9 Gz 14 6 0Lzl oL ¥ 88 q9  tl 1 S6 262 962 00l €6 98 9 02 1 6 [1p/Bui] eiwashig
L85 86§ Iyl 10l 2L L 8 9 €zl 80L ZbL €9l zll 08 ¥€ 68 L 9L 1L vl 051 SOl 9L L 88 [ 0€L [Tp/6uw] sapLiaoA|Bly
G6L  vbz  6¥L  0ZL 86 6t 8¢ € 9zL 292 €6z 8yl 0ZL L6 1€ € 9L 79z €6z 8yl 0zl L6 1€ O [/ 9L [1p/Buw] jo1a1s8]0Y2 1A
06 60L 69 85 Ly 6L Ll L 65 9L €6 2 9y ot L€l 1 8y 26 60L €9 15 14 [ 9l 1 €5 [1p/6w] josa3s3j0y0 TQH
9lz  9ee Oz G0z ¥8L 0zl T € 1z ¥9Z €9 Lzz G6L 0Ll 66 b € 002 9z €9€ 1€ 10z SLL 66  EF [/ 502 [1p/Buw] |o1a1s8]0Y2 [EIOL
%6°S %Lt %L'E S8jaelp 1o} Juswieal} _mo_mc_oum_.—:mr_m
%E'8 LYArAR %6 m_Em_u_n__w>u 10§ Juswieal} _mo_mc_oum_.—:mr_m
%691 %6171 %6°GL :o_w:mtmn;; 104 Juswieal} _mo_mc_oum_.—:mr_m
%21 %201 %801 J13pIosIp pajeja.-sisoiajasolayie ainjewaid jo Eo«m_; Jeljiweq
%L°E %b'E %Z'E sajaqelq
%922 %92 %G"ET elwapidiisAg
%201 %11 %86 aows jusing
%9'61 %G°1Z %G'0Z uoysuspadAy
%9°GS %0'9% %2 vh wstiejuspas
9L'lL 918 GLL 950 ZZ0- 00€- L9l 600 880 Gr'EL  $9%6 vZZ 9L0 000 18€- GL'Z ZL'0 ZEL GPEL 96 88l  $90 ELO- 18E €61 800  OLL [as] «IIng 210957
€66 78y L9z 87 86l 62l LS 20 9'€Z ove GG LLZ L'vz 90z SLL SS9 Z0 vve L9 Z8v 7Lz ver L0z GLL 9§ 0 O [w/Bx] |Ng
€9l €2z O0LL 8%l Lyl 650 €0 100 05'L 86'L 697 661 08l 1L (90 L0 200 LLL  90C §9Z 8L 99l €yl 650 6€0 100 9L [w] vsa
60 gL 91 9L &L 0L 20 00 gl 60 0z 8L Ll Sl 'L Z0 00 9L 000l 0L6L OLLL 0291 06yl 0L6 10z 90  0LSL [wa] yBiay Apog
810l 0GLL 1'/9 0.5 9 ZEL 66l 80 196 v0ZL LbEL L78 069 0€S €yl Zvz 0L L'L9 GlZL LvEL G9L 619 68y €L 82 L0 919 [63] 3yBram Apog
6¥8 888 €€5 €8l GZl 6€ € 01 9'6Z 708 v¥8 06y €8 vZl Zv €1z 60 682 6¥8 888 105 €8 vZl 6E€ 2 L0 €62 [s1eah] aby
ues|| %' LG (ajew) xag

abuey xey ,G/d ,06d ,Gzd Cwy  a@s  3S AN abuey xely ,Gd ,06d ,Gzd wn @S IS AN ebuey xey ,Gd  05d ,Gzd  wn @S s AN

(0L = u) ajeway (spL = u) ajejy (6pL = u) dnoib aiuz

"so1s1I810BIRYD S103[gNg "L a|qel

www.cardiologyjournal.org

866



Yanina Zocalo et al., Stroke volume and cardiac output: Reference intervals throughout life

Software (v.20, SPSS Inc., USA). A p < 0.05 was
considered statistically significant.

Associations between the subject charac-
teristics (demographic, anthropometric, CVRFs,
hemodynamic characteristics) and the SV(PCA),
CO(PCA), CI(PCA) and signal-quality index levels
were evaluated. To this end, simple and point-
biserial correlations (Table 2) and multiple linear
regression models (MLR, Stepwise) were con-
sidered (Table 3). After age, sex, BSA and height
adjustment, there were no significant associations
between the exposure to CVRFs and SV, CO or CI
levels. Consequently, disregarding their exposure
to CVRFs, all subjects studied could be considered
in constructing the Rls.

As a result of the analysis described: (1) sex
and age-specific RIs for SV(PCA), CO(PCA) and
CI(PCA); (2) height specific RIs for SV(PCA) and
(3) BSA specific RIs for CO and CI were considered
necessary (Table 3). Then, age-related, height-
related and BSA-related (always discriminated
by sex) equations for mean and SD values were
obtained for PCA-derived parameters. To this
end, parametric regression methods based on
fractional polynomials (FPs) were implemented
[18-21, 24-27]. Briefly (as an example), mean and
SD regression curves for age-specific SV(PCA),
COPCA) and CI(PCA) were defined as fitting FPs.
Thereafter, age-specific mean and standard devia-
tion (SD) values could be obtained. As an example,
COPCA) mean equation would be: = a + b X age®
+ ¢ X age® +..., where a, b, and ¢, are coefficients,
and p, q, are powers, with numbers selected from
the set [-2, -1, -0.5, 0, 0.5, 1, 2, 3], estimated from
the regression for the mean CO(PCA) curve. Con-
tinuing the example, FPs with powers [1, 2], that is,
with p = 1 and q = 2, illustrates an equation with
the form a + b X age + ¢ X age® [24]. Residuals
were used to assess the model fit, deemed appro-
priate if the scores were normally distributed, with
a mean equal to 0 and an SD equal to 1, randomly
scattered above and below 0 when plotted against
age. The best fitted curves, considering visual
and mathematical criteria (Kurtosis and Skewness
coefficients) were selected. From the mean and SD
equations, and considering the standard normal
distribution (Z) age-specific, HR-specific, height-
specific and BSA-specific percentiles were defined
(SV(PCA): Fig. 1; Suppl. Tables S1-S6; CO(PCA):
Fig. 2; Suppl. Tables S7-S12; CI(PCA): Fig. 3;
Suppl. Tables S13-S18). The 1%, 2.5" 5% 10"
25" 50™, 75™, 90", 95%, 97.5", and 99" percentile
curves were calculated as mean + Zp X SD, where
Zp assumed -2.3263, —1.9599, -1.6448, —1.2815,

-0.6755, 0, 0.6755, 1.2815, 1.6448, 1.9599, and
2.3263 values, respectively.

The minimum sample size required (n = 377
subjects) for RIs construction (i.e. for males or
females) was defined considering a normal distribu-
tion for the covariate in the sample (conservatively),
a 95% and 90% limit of reference and confidence
interval (two-sided), respectively; with a 95% and
10% reference range and relative margin of error,
respectively [18-21, 28]. According to the central
limit theorem, a normal distribution was assumed
considering Kurtosis and Skewness coefficients
distribution and the number of subjects studied
(sample size > 30) [29].

Results

SV(PCA), CO(PCA), CI(PCA):
Impact of sex, age, HR and
anthropometric characteristics

Table 1 describes characteristics of the 1449
subjects included in the study. Note the wide age
range considered (3-88 years old) and the balanced
sex distribution (male = 51.4%).

Table 3 shows explanatory variables for
SV(PCA), CO(PCA) and CI(PCA) values (MLR
models). The variables considered were those
with statistically significant associations with PCA-
-derived data in bivariate analyses (Table 2). Sex,
age, and HR would be explanatory variables for
dependent variables (SV, CO, CI). SV levels were
also explained by height, while BSA contributed
to explain CO and CI. CVRFs did not contribute to
explain, independently, the values of the dependent
variables. Then, data from all the studied subjects
could be considered for the Rls, which should be
sex-specific and expressed taking into account age,
HR and height or BSA) (Table 3). It is noteworthy
that variations in SV, CO and CI were partially ex-
plained by the oscillometric-derived signal quality.
A higher signal quality was associated with higher
SV, CO and CI (Tables 2, 3).

SV(PCA), CO(PCA), CI(PCA):
Percentile curves and Rls for children,
adolescents and adults

Figure 1 shows age, HR and height-specific
percentile curves for SV(PCA). Supplementary
Tables S1-S6 show sex-specific RIs for SV con-
sidering age, HR and height.

Age, HR and BSA-specific percentile curves
for CO(PCA) and CI(PCA) in males and females
are shown in Figures 2, 3. Supplementary Tables
S7-S12 show sex-specific Rls for CO considering
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Figure 1. Age-specific, heart rate-specific and body height-specific percentiles of left ventricle stroke volume in

females and males.

age, HR and BSA. Supplementary Tables S13-S18
show sex-specific RIs for CI considering age,
HR and BSA.

Discussion

The work’s main findings were:

First, in the construction of RIs for PCA-
derived SV, CO and CI, not only were the age
and anthropometric variables of the subjects
taken into account, but also their sex and HR.
The importance of the different explanatory

www . cardiologyjournal.org

variables varied depending on the parameter
for which the RIs were constructed (SV, CO
or CI) (Tables 2, 3).

Second, this study represents the first study
in which Rls and percentiles for PCA-de-
rived SV, CO and CI are defined for children,
adolescents, adults and elderly subjects (as
a continuum throughout life; 3-88 years old)
(Figs. 1-3; Suppl. Tables S1-S18).

Third, when SV levels were analyzed it a steep
rise in SV was observed during the first two
decades, followed by a slow decline over the
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Figure 2. Age-specific, heart rate-specific and body surface area-specific percentiles of left ventricle cardiac output
in females and males.

872

rest of their lives; additionally, the higher the
HR, the lower the SV, while the higher the
height, the higher the expected SV values
(Fig. 1). There was a rapid increase in CO
in the first two decades of life, followed by
a fall throughout adult life (Fig. 2). Initially CO
increases as HR increases, until HR reaches
~70-80 beats/min, then CO begins to fall in
association with increases in HR; additionally,
CO increases as the BSA increases (Fig. 2).
CI values showed an important fall during
the first two decades and then they remained

practically unchanged over the rest of their
lives (Fig. 3). Cl increases in association with
increases in HR, while lower CI values were
observed in association with higher BSA val-
ues (Fig. 3).

The need to express SV, CO and/or CI values

considering the age and/or anthropometric charac-
teristics is widely known and accepted. However,
it is of note that RIs constructed for a population
including subjects from childhood to old age are
scarce; in most works the age-groups included
people of very different ages (i.e. 20 years apart)

www.cardiologyjournal.org
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Figure 3. Age-specific, heart rate-specific and body surface area-specific percentiles of left ventricle cardiac index in

females and males.

[30]; only adults were considered [5, 30, 31];
subjects aged 60-65 and older were assigned to
a single group [5, 30]and/or non-uniform age ranges
were considered (i.e. 0-2.9, 3-5.9, 6-11.9, 12-17.9,
18-29.9, 30-59.9, and > 60 years old) [32]. The
above does not allow for an adequate analysis of
the age impact on hemodynamic characteristic and
their variations. In addition, it does not allow for
the use of accurate cut-off points in clinical practice
(i.e. a 31 year old would be given reference values
for a group ranging from 30 to 50.9 years old) [32].

www . cardiologyjournal.org

The need to define RIs for males and females
separately is not universally accepted and could
even be considered controversial. There are works
in which it was considered necessary to define
sex-specific Rls, others in which the issue was
not analyzed or was evaluated inaccurately, and
finally, there are works that considered negligible
the sex-related differences in the Rls of hemo-
dynamic variables [16, 32-34]. In relation to the
latter, sex-specific RIs were not defined; even
when sex-related differences in hemodynamic
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Figure 4. Age-specific percentiles (97.5", 50" and 2.5") of left ventricular stroke volume obtained in the present popula-
tion and those reported from other authors [5, 16, 30, 31, 32, 33, 34, 35].

parameters remained statistically significant after
controlling for anthropometric parameters [32].
Results herein, reinforce that the RIs in males
differ for females, even after adjusting for height,
weight and/or BSA (Table 3); highlighting the need
for sex-specific Rls.

Finally, it is of note that oscillometric-derived
signal quality was associated with SV, CO and CI
values (Table 3). On average, a variation in the
signal quality equal to the unit, could independently
explain variations in SV, CO and CI equal to 2.8 mL/
beat, 0.38 L/min and 0.13 L/min/m’, respectively.

874

Therefore, at least in theory, further work would be
necessary to identify the specific wave characteris-
tics required and/or the minimum quality value of
an aortic waveform that would allow accurate CO
values to be obtained using PCA.

Related with our second and third main result,
when RIs for SV were analyzed taking into account
age-related variations, a steep rise in SV was ob-
served during the first two decades, followed by
a slow decline during the rest of life (Fig. 1). In ad-
dition, the higher the HR, the lower the SV, while
the greater the height, the higher the expected SV

www.cardiologyjournal.org
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Figure 5. Age-specific percentiles (97.5™, 50" and 2.5™) of left ventricular cardiac output and cardiac index obtained in
the present population and those reported from other authors [16, 32, 33, 34].

(Fig. 1). According to available research, until now
there have been no reference values defined based
on simultaneous or joint analysis of children, ado-
lescents, adults or elderly subjects from a popula-
tion. Since most available data correspond to values
for pediatric or adult subjects it was not possible to
perform direct comparisons with the present data.
Therefore, a comparative analysis, from available
works, an average was taken and SD values were
obtained for the different ages. Then, assuming

normal distribution, the 97.5™ (mean +1.96 SD),
50" (mean) and 2.5" (mean —1.96 SD) percentiles
were calculated (Figs. 4, 5). Being aware of the
described limitation, it could be said that similar
trends were observed among other studies.
Cattermole et al. [32] in a population based,
cross-sectional, observational study performed in
healthy Chinese subjects (n = 2218, age mean/
range: 16.4/0.5-89 years old, 52% females), includ-
ing data previously published by Ho et al. in 2013
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(n =590, age: 12-18 years old, 49% boys) and Chan
et al. [34] in 2014 (n = 165, age groups: 61-70,
71-80, > 80 years old, 48.5% males), reported
reference ranges for SV, CO and CI data obtained
non-invasively (transcutaneous continuous Dop-
pler) [32-34]. Despite methodological differences,
including the non-uniformity of ranges used in the
determination of age-subgroups and the lack of con-
sideration of sex-related differences, in agreement
with the present study the authors found a rapid
increase in SV reaching its peak in their 20 s fol-
lowed by a slow fall from the beginning of the third
decade of life (Fig. 4). Time profiles and percentiles
2.5" 50" and 97.5" reported by Cattermole et al.
[32] are similar to those presented here.

Cattermole et al. [32] is almost the only study
that can be fully compared with the present results
(i.e. it included a large number of subjects within
awide age range). However, they studied: (1) a small
number of subjects (e.g. n = 96 [31, 35]), (2) con-
sidered few age-groups and/or wide age intervals
in the same group (i.e. 20-40, 40-60, > 60) [30],
(3) defined sex-specific analysis as unnecessary
despite the sex-related differences observed [16]
and/or (4) included subjects with mild chronic ill-
ness [34], also evidenced an SV tendency which
decreases with age, within the heterogeneity of the
reported values. The tendency of SV (percentile
50™) to decrease with age was evidenced regardless
of the measurement method used: three-dimen-
sional-echocardiography [30], PCA [16], magnetic
resonance [31, 35], transcutaneous continuous-
wave Doppler [32-34], biplane-echocardiography
(Fig. 4) [5]. The rates of SV change with age (slope
of association between SV 50"-percentile and age)
were not very different when compared to results of
other authors among themselves to the present data.

The analysis of age-related RIs for CO showed
there was a rapid increase in CO levels over the
first two decades of life, followed by a fall through-
out adult life (in both, males and females) (Fig. 2).
Initially CO increases as HR increases, until HR
reaches ~70-80 beats/min, then CO begins to fall
in association with increases in HR; CO increases
as the BSA increases (Fig. 2).

Temporal profiles for CO were similar to those
reported by Cattermole et al. (2017) [32]. The
authors found an increase in CO, until 20 years of
age. Thereafter, an age-related reduction in CO
was observed. Cattermole et al. [32] values for the
50"-percentile and those from the present work
almost overlap. In turn, Solanki et al. [16] and Chan
et al. [34] reported average values (50"-percentile)

for CO in adults and old age subjects similar to
those found in the current data (Fig. 5).

Cardiac index values showed an important
fall during the first two decades and then they
remained practically unchanged (Fig. 3). CI values
were associated with HR and BSA. Cl increases in
association with increases in HR, while lower CI
values were observed in association with higher
BSA values (Fig. 3). The described findings are in
agreement with those reported by other authors
(Fig. 5). In this regard, Cattermole et al. (2017) [32]
and Ho et al. (2013) [33] described age-associated
variations in CI, and their 50"™-percentile curves
were similar to the present ones. The present
curves and those reported by Solanki et al. (2018)
[16] and Chan et al. (2014) [34] for the 50"-percen-
tile in adults are comparable.

Jointly analyzing the described results, it could
be stated that CO rises steadily and reaches a peak
in the 15-20 (teenage) years of life. Thereafter,
it gradually declines. However, when consider-
ing CO adjusted for BSA (that it is to say CI),
maximum (peak) would be observed < 6 years old,
corresponding to a weight of 10-15 kg [32]. The
variations in CO and CI could be related to and ex-
plained by the oxygen requirements of the tissues
during those periods of life (i.e. those of maximum
growth). High absolute CO levels in teenagers
probably corresponds to accelerated growth and
elevated oxygen consumption. From late teens
onwards there is little or no growth, but a steadily
declining level of physical activity was observed
[32]. Overall, SV rises steadily until late teens then
tends to decline gradually over the years, but when
viewed against height (present data) or weight
(Cattermole et al. data [32]), it shows a more linear
positive relationship (Figs. 1, 4).

Conclusions

Sex, age, HR, and body height (for SV) or BSA
(for CO and CI) are independent factors that explain
PCA-derived hemodynamic values. Consequently,
when constructing RIs of SV, CO and CI, it is neces-
sary to discriminate using these variables.

This study provides the largest database
concerning RIs and percentile curves of left ven-
tricle SV(PCA), CO(PCA) and CI(PCA), obtained
in children, adolescents and adults (3-88 years of
age) from Latin-America (Uruguay), expressing
results according to sex (males and females), age
(year-to-year), HR (beats/minute), body height (in
cm) and BSA (m?).
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Abstract

Background: Pharmaceutical pictograms have been designed to help communicate medication in-
structions to patients. Pictograms used within a patient counseling service can significantly improve
medication compliance and adherence. The study aimed to assess the improvement of adherence to
therapy with the use of pictogram intervention in comparison to standard pharmacy practice in com-
munity pharmacies.

Methods: Pictograms informing about the proper way of using metoprolol prolonged release tablets
were designed to be used on the packages of the drug in community pharmacies. Pharmacies belonging
to a pharmacy practice-based research network were randomly assigned to a group using pictograms
when dispensing the drug or one following their normal practice. At the first visit, all patients answered
a structured questionnaire about their medication behavior in the preceding 7 days. The same questions
were asked 4 weeks later to follow-up treatment adherence change and compare patients from pictogram
group and standard practice group. Descriptive statistics was used to analyze the data, and the McNe-
mar test was used to compare categorical data at baseline and follow-up.

Results: Of a total of 253 patients screened, 117 and 104 patients completed the study in the standard
practice and pictogram groups, respectively. The use of pictograms significantly improved medication
adherence in the following areas: not omitting doses (p < 0.0001), not crushing tablets (p = 0.004),
number of tablets/day (p = 0.49), and time of use (p = 0.001), compared to the standard practice group.
Conclusions: Our results suggest that pictograms are effective in conveying messages about the proper
way of using medications, and they increase treatment adherence, in comparison to standard dispensing
practice. (Cardiol | 2021; 28, 6: 879-886)
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Introduction

To date, many studies have addressed the
problem of lack of adherence in patients diagnosed
with chronic diseases. Due to the high prevalence
and burden of cardiovascular diseases, adherence
to prescribed treatment is considered among the
most critical strategies contributing to improving
health outcomes [1, 2]. Of the many factors affect-
ing medication adherence, health care providers’
factors are highlighted in particular [2]. Improv-
ing communication with the patient, patients’
education, and increasing patient involvement
can significantly improve medication adherence.
Pharmacists’ counseling is especially emphasized
in this area [3]. Pharmacists play a key role in
handling prescriptions, and by direct contact with
patients just before the use of the drug, they have
great potential to encourage patient compliance [4].
Good compliance and adherence improve health-
related outcomes in many conditions [5]. On the
other hand, poor medication adherence is associ-
ated with higher mortality and a greater risk of
hospitalization [6].

Pharmaceutical pictograms as a supplement
to pharmacy counseling are considered an effec-
tive tool facilitating the patient’s understanding
of the information provided [1, 7]. Pictograms are
defined as visual images used in health information
materials [8]. These types of drawings graphically
represent instructions for the correct use and stor-
age of medicines [7]. Pictograms enable patients to
understand the instructions on how to use medi-
cines, which is especially important in the context
of health literacy. Pictograms can significantly influ-
ence the proper use of drugs among patients with
low health literacy [9]. Thus, including pictograms
in patient counseling could reduce the frequency
of medication dosing errors. Moreover, pictograms
in combination with a leaflet attached to the drug
increase the patient’s attention, remembering and
recalling the rules of taking the drug [10]. Signifi-
cantly, pictograms are culturally neutral, making
them understandable regardless of language, also
for people who cannot fully understand printed tex-
tual medication information [9]. Although there are
many publications on pictograms in the literature,
data about the utilization of pharmaceutical picto-
grams in a community pharmacy setting is limited.
Most studies focus on design, comprehensiveness,
and validation of different pictograms. High-quality
studies are needed to support the routine use of any
pictogram-based materials in routine practice. This
study presents the results of the utilization of phar-

maceutical pictograms in a community pharmacy
setting. The study aimed to compare changes in
adherence to treatment with metoprolol prolonged
release (PR) in groups of patients who were/were
not provided with pictograms when dispensing the
drug at pharmacies.

Methods

Design and setting

This was a multicenter, prospective study
with a control arm. The study was approved by the
institutional review board of Collegium Medicum
in Bydgoszcz, Poland. Patients’ participation in
the study was voluntary. All the patients provided
written informed consent.

Patients were eligible for enrollment in the
study if they were > 18 years old, had a prescription
of metoprolol PR tablets, had been using the drug
once daily for at least 3 months, and signed an in-
formed consent form agreeing to follow-up contact.

Metoprolol, a beta-blocking agent, belongs
to the most common drugs used in the treatment
of cardiovascular diseases. Patients who had just
started PR metoprolol therapy, had used imme-
diate-release metoprolol, or had been prescribed
a different dosage regimen than once daily were
excluded from our study. At a 1:1 ratio between
groups, levels of type I error 0.05, and type II er-
ror 0.2 the study required 93 patients per group.
However, these hypothetical assumptions were not
reflected in the study results.

The study was conducted in Polish communi-
ty pharmacies belonging to the Farenta Research
pharmacy practice-based research network. Phar-
macies were randomly assigned in a 1:1 ratio to
dispense the products together with 3 pictograms
placed on an external package showing how to use
the medicine correctly, or in line with standard
pharmacy practice (control group, without any pic-
tograms). Pharmacies (n = 50) were randomized
to pictogram or standard practice groups using
arandom sequence generator from www.random.
org. The study was based on 2 interviews: an
initial interview conducted during dispensation
and a second interview performed no more than
30 days after first one (Fig. 1). At pharmacies
randomized to the pictogram group, each patient
received with the drug a set of 3 pharmaceuti-
cal pictograms with the following instructions:
Take 1 tablet in the morning, do not crush the
tablet, and swallow the tablet with water (Fig. 2).
All pictograms were validated, as described ear-
lier [11]. The dimension of each pictogram was
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Standard practice

* At the pharmacy

« Patient characteristics (age, gender)
« Information about the drug (drug name, dose, number of tablets
in the package, number of prescribed drug packages)

« Survey on therapeutic adherence in the last 7 days prior
to the interview

« Standard of pharmacy practice

[- 30 days (duration of drug use with metoprolol)

« At the pharmacy or by phone

« Short questions about the course of therapy in the last
7 days — assessment of therapeutic adherence after the
observation period

Observation

« At the pharmacy

« Patient characteristics (age, gender)
« Information about the drug (drug name, dose, number of tablets
in the package, number of prescribed drug packages)

« Survey on therapeutic adherence in the last 7 days prior
to the interview

« Use of pharmaceutical pictograms

« 30 days (duration of drug use with metoprolol)

« At the pharmacy or by phone

« Short questions about the course of therapy in the last
7 days — assessment of therapeutic adherence after the
observation period

Number of patients = 104

Figure 1. The use of pharmaceutical pictograms in the course of therapy with metoprolol prolonged-release tablets

— the intervention chart.

One tablet in the morning

Don’t crush

86.5% patients considered pictograms as very supportive.
The NPS was 75.2% in the control group and 90.4% in the pictogram group

Take tablet with water

Figure 2. The set of pictograms used in the study; NPS — net promoter score.

30 x 30 mm (Fig. 2). Medical information con-
veyed by pictograms was consistent with the
information in the local summaries of product
characteristics and aligned with medication plans
of patients. As recommended by the physician,
the correct behavior was as follows: taking
the medicine every day, taking one tablet once

a day in the morning, not crushing/not chewing
the tablet, swallowing the tablet with water. At
pharmacies randomized to the standard practice,
group patients obtained the drug without picto-
grams. The dispensation was ongoing according
to the individual practice of pharmacists and not
influenced by the study team.
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Data acquisition

The first study interview was conducted dur-
ing the initial visit at the pharmacy. We gave the
same questionnaires to both groups. To allow us to
compare the results from both interviews, during
the first interview each patient received a unique
identifier. The interviews were conducted by the
pharmacy employee dispensing the medicines.

The questions asked in the first interview in-
cluded sociodemographic information and behavior
regarding use of metoprolol PR tablets in the last
7 days. Questions were related to the following
dimensions of adherence: omitting doses, time of
drug use, a number of tablets taken, dosing frequen-
cy, crushing/chewing tablets, and taking them with
water (these 6 dimensions are understood as full
adherence). The Brief Medication Questionnaire
(BMQ) inspired the design of the questions [5].
The questions were adapted to assess outcomes
influenced by pictogram messages. The scoring
system was similar to the BMQ. The scales with
multiple choices graduating the patient’s adherence
behavior were used to allow patients to indicate
even small deviations from the target way of the
use of the drug; however, the analysis was con-
servative, and the only full adherence to therapy
was considered as a positive outcome.

The questions used in the study and their
interpretation are available in Supplementary
Materials. The second interview was performed
1 month after the first visit and included the same
questions as in the earlier survey about adherence
behavior in the preceding 7 days. Also, patients were
asked to evaluate medical information received in
the community pharmacy on a scale from 1 to 10,
where 1 = very bad and 10 = very good. The data
were recorded electronically by interviewing the
employees of the participating pharmacies.

Endpoints

The primary outcome measures of the study
included a change from the first to the second visit
in the percentage of patients fully adherent to the
main messages conveyed by the 3 pictograms: not
omitting doses, not crushing tablets, swallowing
tablets with water. The secondary endpoint was
a change in the percentage of patients declaring
the use of the correct number of individual doses
during the day, the right number of tablets per dose,
and taking the drug in the morning.

Data analysis
All categorical data were expressed as pro-
portions, and continuous data were expressed as

mean and standard deviation (SD). Descriptive
analysis was conducted to present the results at
baseline and follow up, assessing the primary and
secondary outcome measures. Patients’ declara-
tions in the survey were classified as indicating
full adherence (answers indicating proper behavior)
or non-adherence (answers indicating any other
behavior than the proper one or ‘do not know’).
The McNemar test was used to compare categori-
cal data at baseline and follow-up in both groups.
Intention to treat analysis was followed, and
a probability value of < 0.05 was considered statis-
tically significant for all analyses. Possible changes
from the first visit to the second visit included the
following: no change in adherence, improvement,
and worsening of adherence. Logistic regression
was used to calculate the odds of improvement or
worsening adherence in every studied dimension
of adherence for the patients of each group.

The net promoter score (NPS) was used to
examine the patients’ opinions about medical
information received at a pharmacy [12]. Patients
who evaluated medical information as 9 or 10 points
were classified as advocates. The group of patients
who responded 7-8 were classified as indifferent,
and re the respondents who evaluated the infor-
mation received as 1-6 points were classified as
critical of the provided information.

Results

Patient disposition and characteristics

The data were collected between January and
March 2017, and in total 253 patients participated
in the first interview. The number of screened
patients is unknown because pharmacists did not
record patients refusing to participate or ineligible
to participate. The data of 32 patients were not
included in the analysis because they were lost to
follow-up (n = 13), provided incomplete data in the
first interview (n = 12), used metoprolol immediate
release (n = 2), were dosed differently than accord-
ing to the inclusion criteria (n = 3), or misconduct
was detected (n = 2). The complete data from 117
patients in the standard practice group and 104 pa-
tients in the pictogram group were included in the
analysis. The baseline characteristics by treatment
group are presented in Table 1. The patient sample
was 59% female. Mean age = SD of patients was
65.2 + 13.0 years. The sample included patients
self-reporting use of metoprolol for hypertension
(51%), cardiac arrhythmias (29%), prophylactic
treatment following myocardial infarction (7%),
angina (5%), and unknown/undeclared reasons (7%).
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Table 1. Characteristics of the study population.

Routine pharmacy practice

Pharmaceutical pictograms

(n =117) (n = 104)

Age, median (range) [years] 67 (31-94) 64 (30-91)
Woman 74 (63.2%) 58 (55.8%)
Different drugs used by patients:

Missing 1 (0.9%) 0 (0%)

1 drug 5 (4.3%) 5 (4.8%)

2 drugs 15 (12.8%) 11 (10.6%)

3 drugs 25 (21.4%) 17 (16.3%)

>4 drugs 71 (60.7%) 71 (71.2%)
Indication for use of metoprolol:

Hypertension 60 (51.3%) 52 (50.0%)

Cardiac arrythmias 40 (34.2%) 25 (24.0%)

Prophylactic after myocardial infarction 6 (5.1%) 10 (9.6%)

Angina pectoris 5 (4.3%) 7 (6.7%)

| do not know/I do not remember 6 (5.1%) 10 (9.6%)

Standard practice
n=117

No omitted doses

Dosing frequency*

= = Baseling e Follow-up

*p < 0.05

Pharmaceutical pictograms
n =104

No omitted doses*

/ 1 :
i Not crushing tablets*

Taking with water

Dosing frequency*

Figure 3. The percentage of patients fully adherent (proper therapeutic behavior) for each tested adherence domain
in the standard practice and pictogram groups at baseline and follow-up.

The practical effectiveness of pictograms
At baseline, 74 (63.2%) patients in the stand-
ard practice group and 70 (67.3%) patients in the
pharmaceutical pictograms group had > 1 problem
in any of the analyzed adherence dimensions. At the
follow-up, the number of non-adherent patients re-
mained stable in the standard group (n = 76, 65.0%)
and decreased in the pictogram group (n = 58,
55.8%), p = 0.1636. Figure 3 presents changes in
percentages of patients fully adherent in each of
the 6 analyzed dimensions of adherence at baseline
and follow-up. In the pictogram group an increase
in the number of patients with full adherence was
more common than in the standard practice group.
The percentage of patients not omitting doses

www . cardiologyjournal.org

increased in the pictogram group from 67.3% to
88.5% (an increase of 31.5%, p < 0.0001). In the
standard practice group the percentage of patients
not omitting doses remained stable (from 77.8%
to 75.2%; p = 0.8679). At the follow-up, 98.1% of
patients in the pictogram group were not crushing
tablets, compared to 81.7% at baseline (increase
by 20.07%, p = 0.004). In the standard practice
group, the percentages of patients not crushing
tablets at baseline and follow-up did not change
(85.5% vs. 85.5%, p = 0.647). Neither pictograms
nor standard practice improved significantly for
the swallowing tablets with water behavior (an
increase from 45.2% to 52.9% of patients in the
pictogram group, p = 0.322, and a decrease from
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65.8% to 57.2% of patients in the standard practice
group, p = 0.121; Fig. 3).

Pictograms improved adherence in all sec-
ondary endpoints. In the pictogram group the
percentage of patients using metoprolol once daily
was 89.4% at baseline and 98.1% at follow-up (an
increase of 9.73%, p = 0.004). However, a similar
improvement was also observed in the standard
practice group (an increase of 7.43%, p = 0.021;
Fig. 3). Pictograms significantly increased the num-
ber of patients using 1 tablet per day in line with
a defined treatment plan from 83.6% to 92.3% (an
increase of 10.27%, p = 0.049). The improvement
was not significant in the standard practice group
(p =0.359; Fig. 3). Finally, pictograms increased the
percentage of patients using the drug in the morn-
ing from 71.1% at baseline to 92.3% at follow-up
(an increase of 29.63%, p = 0.0001), but this was
not the case in the standard practice group (p = 1).

Patients’ opinions about pharmaceutical
pictograms

The NPS was 75.2% in the control group and
90.4% in the pictogram group. The vast majority of
patients (86.5%; n = 90) who obtained pictograms
identified them as very supportive. The mean score
#+ SD in the pictogram group was 9.58 *= 0.69 and
in the control group 9.24 = 1.30 (p = 0.0129).

Discussion

This study provides the first comparative evi-
dence that the use of pharmaceutical pictograms
improves adherence to recommended drug therapy
in routine pharmacy practice. Improvement of
adherence was associated with a substantial reduc-
tion in the number of patients who missed drug
doses. Importantly, pictograms have also increased
awareness and knowledge about not crushing tablet
medication, which has clinically relevant implica-
tions in terms of treatment effectiveness. Further-
more, patients who were using pictograms more
often changed the time of taking the drug to the
morning, in comparison to the standard practice.
Of all these areas, only an improvement in dosing
frequency was observed in the group of patients
with standard practice.

The only domain of adherence that remained
unchanged by pictogram use was taking tablets
with water (as was recommended by the third
pictogram — take a tablet with water). Because
the use of tablets with water was the most compro-
mised dimension of adherence studied, improve-
ment of this behavior requires additional studies.

In Poland, every package insert of metoprolol PR
provides information about the required liquid vol-
ume recommended to assure effects (the PR form
of metoprolol should be used in the morning, with
a minimum half a glass of water, and it cannot be
crushed). The pictogram highlighted this informa-
tion; however, an improvement was not observed,
and many patients swallowed medicines without
or with not enough liquid.

Non-adherence to recommended therapy can
lead to ineffectiveness as well as the manifestation
of unintended adverse reactions [13, 14]. Taking
a PR formulation requires specific patient behavior
and should be considered an important matter for
both physicians and pharmacists [15, 16]. At the
first interview over 10% of patients from both
groups crushed the tablets and over 40% of partici-
pants only sometimes swallowed the tablets with
water. This observation indicates that information
received from physicians and pharmacists may be
insufficient for the correct use of medications.

Strategies to improve medication adherence
in clinical practice are necessary, given the con-
sequences of medication misuse [6]. Pharmacists,
who provide pharmaceutical counseling, play a vital
role in this respect [17-19]. The literature indicates
many advantages of patient counseling; among
others, patients become aware of the importance
of therapy, understand doctors’ recommendations,
become active participants in the treatment pro-
cess, and thus better follow the treatment recom-
mendations [20].

Patients who received pictograms were able to
favorably change their behavior, in contrast to those
who were not using pictograms. This is particularly
evident with omitting doses, crushing tablets, tak-
ing the right dose with the right frequency, and at
the correct time of day. Finally, the pictograms were
well accepted by the vast majority of participants,
which can be understood as a good prognosis for
this technology in the future.

Pictograms contribute to a better understand-
ing of the drug’s information, especially for the el-
derly or patients with low health literacy [9]. In our
study, the patients’ median age was 67 years in the
standard pharmacy practice group and 64 years for
patients in the pictogram group. Moreover, most of
the patients in both groups were taking more than
4 drugs. For this reason, adherence to therapy for
these groups of patients is particularly important.

The use of pictograms should be classified as
a behavioral technique aimed at changing patient
behavior by constantly reminding the patient of
proper medication usage. Despite the long history
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of using pictograms, their effectiveness is still
a matter of controversy, particularly due to the risk
of misunderstanding the pictogram [21-23]. Yin et
al. [24] conducted a high-quality randomized study
and that showed that pictogram-based interven-
tion decreased the rate of dosing errors among
caregivers whose children were treated at an urban
pediatric emergency department. Similarly, a study
from Malaysia proved the positive role of picto-
grams in improving the quality of use of oral liquid
medicines. Another study suggests that pictograms
significantly increased dosing accuracy [25]. The
results of a recently published analysis of 771
studies aiming to improve therapeutic adherence
showed that healthcare professionals should focus
more on behavioral interventions, especially those
based on the development of drug use habits, than
on cognitive strategies to change the knowledge
and beliefs of patients [26].

Although our study only refers to one product
(metoprolol), the positive results obtained may be
an incentive to extend the use of pictograms to
other drugs used in cardiac diseases. Undoubtedly,
all pictograms should be designed carefully and
tested before their implementation to routine prac-
tice [10]. Moreover, pictograms need to be adjusted
to local requirements, both formally determined
by local summaries of products characteristics
and social determinates, which may significantly
improve understanding and acceptance levels [19].
For clarity, pictograms should be supplemented by
a clear and simple oral statement provided by
healthcare professionals [27]. It is worth mention-
ing that among illiterate populations, verbal expla-
nations are indispensable, and in many clinical sce-
narios they are crucial to effective comprehension
of drug-related information conveyed in pictograms
[28]. While our study indicates that pictograms
exert a substantial impact on patient behaviors
and therapeutic adherence, we were not able to
rule out the potential bias related to the study
methods. Randomization of pharmacies instead of
patients would affect the objectivity of findings.
Moreover, the study was conducted in community
pharmacies belonging to Farenta Research. These
pharmacies, relying on the pharmacy standards,
can provide patients with a better quality of care,
which may affect the obtained results. The self-
reported medication adherence measures used in
the study can provide valuable information despite
their limitations. Patients may tend to evaluate
their adherence better than it really is. Thus, the
used questionnaire offered many options to ex-
press the level of adherence, but the data analysis

was conservative. It was assumed that only total
adherence was considered as a positive outcome,
and all other options as non-adherence. The change
from non-adherence to partial adherence was not
considered as an improvement.

Conclusions

Based on these results, pictograms can be
an effective tool dedicated to improving patient
adherence. Pictograms were accepted by patients
and effectively changed most of their inappropriate
behaviors. Our study certainly confirmed that pic-
tograms significantly improve patients’ compliance,
particularly in the areas of non-omitted drug doses
and indications not to crush tablets. Importantly,
an improvement in compliance in this respect in
the group of patients with standard practice was
not observed. Further randomized clinical studies
aimed at the evaluation of long-term effectiveness
of pictograms are strongly warranted. Further clini-
cal studies should also focus on health care provid-
ers’ perception of pictograms and how pictograms
influence regular work in community pharmacies.
This type of research may improve the transition
pictograms from research to routine settings.
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Abstract

Background: Previous studies suggest that higher plasma concentrations of several lipid molecules
are associated with higher lipid core burden index (LCBI) near infrarved spectroscopy (NIRS) imag-
ing. The aim of this study was to investigate whether an association between plasma lipids depends on
plaque morphology (thin cap fibrous atheroma [TCFA] vs. non-TFCA) as measured by near-infrared
spectroscopy—intravascular ultrasound (NIRS-IVUS).

Methods: Sixty-four patients retrospectively enrolled were diagnosed with stable coronary artery dis-
ease or acute coronary syndrome who underwent NIRS-IVUS imaging. Before percutaneous coronary
intervention, blood samples were collected for measurement of serum levels of total cholesterol (TC), low-
density lipoprotein cholesterol (HDL-C), high-density lipoprotein cholesterol (HDL-C) and triglycerides
(TG). Patients were divided into two groups based on maxLCBI,,,, and IVUS imaging. Those with
maxLCBI,,,, > 323 were included into TCFA group (n = 35) while others were assigned to the non-TCFA
group (n = 29).

Results: Thin cap fibrous atheroma lesions were significantly longer than the non-TCFA lesions (25.66
+9.560vs. 17.03 £ 9.22, p = 0.001). TCFA characterizes greater plaque burden (78.4 [70.9, 82.2] vs.
72.70 [64.77, 76,05]: p = 0.021) and plaque volume (176.1 [110.75, 247.5] vs. 68.1 [55.58, 143.35];
p = 0.000) as compared to non-TCFA. In TCFA suspected lesions, there was no correlation between max-
LCBI,,,,, and LDL levels (r = 0.105, p = 0.549) nor TC levels (r = —0.035, p = 0.844) but a negative
correlation was found between HDL-C and maxLCBI,,,,, (r = —0.453, p = 0.007).

Conclusions: The present study showed that there was no correlation between plasma LDL-C, TC and
TG level and the amount of lipids in coronary plaque assessed by NIRS in both TCFA and non-TCFA
groups. Only HDL-C correlated with maxLCBI,,,, in TCFA lesions. (Cardiol ] 2021; 28, 6: 887-895)
Key words: lipid plasma levels, NIRS-IVUS
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Introduction

Stable coronary artery disease (SCAD) is
a common cause of death. According to the Euro-
pean Heart Network Report from 2017 Ischemic
Heart Disease (IHD) is responsible for 862,000
deaths a year (19% of all deaths) among men and
877,000 deaths (20%) among women in Europe
each year [1]. Untreated SCAD may be followed
by acute coronary syndrome (ACS). In most cases
(approximately 75%) ACS is caused by a rupture
or erosion of the vulnerable atherosclerotic plaque
which leads to an occlusion of the vessel [2—4].
Vulnerable plaques are considered to be thin cap
fibrous atheroma (TCFA) [5, 6]. TCFAs were
defined by Burke et al. [7] as a necrotic and lipid-
rich core plaque covered with fibrous cap < 65 um
measured by optical coherence tomography (OCT).
The lipid-rich core containing plaques can also be
detected by near-infrared spectroscopy (NIRS)
[8, 9], a catheter-based intravascular imaging
device based on diffuse reflectance spectroscopy.
Its adjustment to intravascular ultrasound (IVUS)
enables the periprocedural analysis of the chemical
composition of plaque and distinguishes lipid-rich
lesions. The amount of lipids is measured as a lipid
core burden index (,,,,LCBI,...,). Roleder et al. [10]
and Inaba et al. [11] identified TCFA as lesions with
maxLCBLmm = 323.

High cholesterol levels are strongly associ-
ated with SCAD [12-14]. It is known that there is
a positive relation between low-density lipopro-
tein cholesterol (LDL-C) and SCAD [15, 16]. In
contrast, there is an inverse relationship between
high-density lipoprotein cholesterol (HDL-C) and
the risk of SCAD [17, 18]. It was established that
both LDL-C [19] and HDL-C [20] are associated
with plaque volume. However, the influence of lipid
plasma levels on the chemical composition of the
plaque measured by NIRS remains unknown.

The aim of this study was to investigate
whether an association between plasma lipids de-
pends on plaque morphology (TCFA vs. non-TFCA)
as measured by NIRS-IVUS.

Methods

Study population

All patients diagnosed with SCAD or ACS
between 2012 and 2015 who underwent NIRS-
-IVUS imaging were screened for inclusion in this
study. The SCAD and ACS management met the
criteria of the European Society of Cardiology [21].
Patients with stent restenosis as a target lesion, re-

nal failure (creatinine > 1.5 mg/dL), hemodynamic
compromise and contrast allergy were excluded
from the study. The percutaneous coronary inter-
vention (PCI) was performed under angiography
guidance, and NIRS-IVUS data were not used for
this purpose. Analyzed segments were targeted
in the imaged artery by NIRS-IVUS. None of the
patients developed any complications related to
NIRS-IVUS imaging.

Before or after the PCI blood samples were
collected from every patient on day 1, after fasting
conditions for the measurement of serum levels of
total cholesterol (TC), LDL-C, HDL-C and triglyc-
eride (TG). All of them were measured enzymati-
cally using standard methods. Clinical demograph-
ics and medical history were obtained from hospital
records. The study group consisted of 64 lesions
analyzed in 64 patients. Patients were divided into
two groups based on ,,,, LCBI,,,..,results. Those with
maxLCBLnm = 323 were included in the TCFA group
(n = 35) while others were assigned to the non-
TCFA group (n = 29). The study conformed to
the Declaration of Helsinki. Due to retrospective
design of the study, further application was not
needed.

NIRS-IVUS analysis

The NIRS-IVUS analysis was performed in
culprit lesions using standard protocol before stent
implantation. All NIRS-IVUS examinations were
performed after heparin anticoagulation (activated
clotting time > 250 s) and following intracoronary
nitroglycerine (100-200 um) administration. The
2.4 Fr. TVC Insight Catheter (InfraReDx, TVC
Imaging System™, Burlington, MA, USA) was po-
sitioned at least 10 mm distal to the imaging target
lesion. Subsequently, the automated pullback was
started with at 0.5 mm/s (240 rotations/min) until
the TVC catheter entered the guiding catheter.
Measurements were made every 1 mm in region of
interest (ROI), and the target lesion was required
to be at least 4 mm long. Quantitative gray-scale
IVUS measurements were performed every 1 mm
in the scanned coronary segment before stent
implantation. Cross-sectional images were quanti-
fied for lumen diameters and area, external elastic
lamina (EEM) diameters and area, total plaque area,
plaque burden, and lumen and EEM eccentricity
by one observer. Plaque burden was calculated
as total plaque area divided by EEM CSA X 100
(%). The remodeling index (RI) was calculated
by dividing EEM area at the minimal lumen area
(MLA) by the reference EEM area. Lesions with RI
<0.95 were defined as negatively remodeled, while
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Table 1. Patient characteristics.
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TCFA (n = 35) Non-TCFA (n = 29) P
Clinical demographics
Age [years] 63.2 = 11.37 66.64 + 9.8 0.176
Women 9 (25.7%) 9 (31%) 0.637
BMI [kg/m?] 27.2 = 6.07 26.4 + 4.95 0.625
Prior Ml 9 (25.7%) 10 (34.5%) 0.445
Prior PCI 13 (37.1%) 13 (37.1%) 0.533
Prior CABG 3 (8.5%) 2 (6.9%) 0.845
Dyslipidemia 35 (100%) 29 (100%)
Hypertension 30 (85.7%) 27 (93.1%) 0.209
Diabetes mellitus 15 (42.8%) 9 (31%) 0.331
Statin use 30 (85.7%) 25 (86.2%) 0.719
Hemoglobin 12.97 = 1.64 12.7 £ 2.5 0.635
Creatinine 1.06 = 0.26 1.01 = 0.25 0.514
GFR 68.62 = 18.77 70.7 = 16.04 0.767
Procedural findings
Indication for coronary angiography
ACS 8 (22.85%) 8 (27.58%) 0.664
Region of interest [mm] 25.66 = 9.56 17.03 = 9.22 0.001
Imaged coronary artery
Left main artery 1(5.7%) 0 0.05
Left descending artery 20 (57.1%) 11 (37.9%) 0.05
Circumflex artery 9 (25.7%) 5(17.2%) 0.05
Right coronary artery 5 (14.3%) 13 (44.8%) 0.05

Variables are displayed as mean + standard deviation when a normal distribution is present, or as median (1°-3™ quartile) when there was
not a normal distribution present. For each variable, the percentage of patients involved (n%) is given. ACS — acute coronary syndrome;
BMI — body mass index; CABG — coronary artery bypass grafting; GFR — glomerular filtration rate; Ml — myocardial infarction;

PCl — percutaneous coronary intervention; TCFA — thin cap fibrous atheroma

those with RI > 1.05 were defined as positively
remodeled. RI between these values was taken as
a non-remodeled vessel.

The chemical composition of the plaque in ROI
was acquired using NIRS. The lipid-rich plaques
are displayed on chemogram on which the X-axis
shows the pullback position (1 pixel every 0.1 mm)
and Y-axis displays the circumferential position
(1 pixel every 1 mm). Based on chemogram the
LCBI in 4 mm was measured. There was a fraction
of pixels indicating lipids (yellow pixels) within
the ROI. The LCBI with ,,,,LCBI,,,, was measured
automatically by NIRS software. TCFA suspected
lesions were defined as ,,,.LCBI,,, = 323.

NIRS-IVUS data were analyzed off-line using
CAAS intravascular software (Pie Medical Imaging
BV, Maastricht, The Netherlands).

Statistical analysis

Normality of variables was assessed by the
Kolmogorov-Smirnov test. For normally distrib-
uted data values were presented as the mean
with a standard deviation (= SD). Non-normally
distributed continuous variables were displayed as
a median with interquartile intervals IQR, 1%, 3%.
Categorical data were shown as the number or
percentage (%). For the normally distributed
group comparison, the one-way ANOVA was used.
Non-normally distributed data were compared us-
ing the Mann-Whitney test. The correlation was
measured using the Pearson correlation coefficient
for normally distributed values and the Spearman
rank-order correlation for non-normally distributed
variables. The categorical data were compared
using the Fischer exact test or y” test. A value of
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Table 2. Summary of near-infrared spectroscopy-intravascular ultrasound (NIRS-IVUS) results.

TCFA (n = 35)
NIRS analysis
maxLCB|4mm 551 0 (4230, 6970)
IVUS analysis

Stenosis length 25.66 = 9.56
Lumen volume

EEM volume

EEM area at MLA 11.2 (9.5, 12.6)
Plaque volume 176.1 (110.75, 247.5)
Plaque burden 78.4 (70.9, 82.2)
MLA 2.57 (1.9, 3.4)
MLD 1.6 (1.5, 1.7)
MLD based on reference 1.7 (1.6, 2.0)
Remodeling index 1.02 (0.8, 1.27)

114.800 (86.100, 137.90)
301.6 (212.9, 393.7)

Non-TCFA (n = 29) P
137 (27.0, 232.0) 0.000
17.03 = 9.22 0.001
75.10 (55.75, 128.60) 0.05
153.2 (105.85, 272.1) 0.003
10.0 (7.35, 11.6) 0.056
68.1 (55.58, 143.35) 0.000
72.70 (64.77, 76,05) 0.021
2.60 (2.05, 3.22) 0.69
1.60 (1.50, 1.80) 0.334
1.80 (1.65, 2.00) 0.047
1.00 (0.84, 1.44) 0.69

Variables are displayed as mean + SD when a normal distribution is present, or as median (15-3" quartile) when there was not a normal dis-
tribution present. For each variable, the percentage of patients involved (n%) is given. EEM — external elastic lamina; MLA — minimal lumen

area; MLD — minimal lumen diameter

p < 0.05 was considered statistically significant.
SPSS version 25.0 (SPSS, Inc., Chicago, Illinois)
was used for statistical analysis.

Results

Patients characteristics

The baseline characteristics are summarized
in Table 1. Between 2012 and 2015 64 patients
were enrolled in the study. All patients included
underwent PCI followed by stent deployment.
Patients from the TCFA group were not-signifi-
cantly younger than patients from non-TCFA group
(63.2 = 11.37 vs. 66.64 = 9.8; p = 0.176). All
patients in both groups had dyslipidemia. There
were no significant differences in the percentage of
patients who had hypertension (85.7% vs. 93.1%,
p = 0.209) or diabetes mellitus (42.8% vs. 31%,
p = 0.331) in TCFA or non-TCFA groups. At the
time of the procedure, the percentage of patients
treated with statins was similar in both groups
(85.7% vs. 86.2%; p = 0.719). Nine (25.7%) of
TCFA patients and 10 (34.5%) of non-TCFA pa-
tients presented with a history of myocardial
infarction (p = 0.445).

IVUS lesion analysis

Intravascular ultrasound results are re-
ported in Table 2. The NIRS-IVUS analysis
was performed during coronary angiography.
TCFA lesions were significantly longer than non-
-TCFA lesions (25.66 + 9.56 vs. 17.03 = 9.22;
p = 0.001). TCFA characterizes greater plaque

burden (78.4 [70.9, 82.2] vs. 72.70 [64.77, 76,05];
p = 0.021) and plaque volume (176.1 [110.75,
247.5] vs. 68.1 [55.58, 143.35]; p = 0.000) as com-
pared to non-TCFA. The values of lumen volume
(114.800[86.100, 137.90] vs. 75.10 [55.75, 128.60];
p = 0.05) and EEM volume (301.6 [212.9, 393.7]
vs. 153.2 [105.85, 272.1]; p = 0.003) were also
higher in TCFA group. According to MLA and
minimal lumen diameter there were no significant
differences comparing both groups (respectively,
p = 0.69, p = 0.334). No difference was found in
RI for both groups as well (1.02 [0.8, 1.27] vs. 1.00
[0.84, 1.44]; p = 0.69).

Association between NIRS analysis
and lipid plasma levels

Comparing TCFA to non-TCFA group, the
differences in the levels of LDL-C (80.00 [69.00,
111.00], vs. 72.00 [58.50, 97.50]; p = 0.43), HDL-C
(39.50 [35.75, 46.00] vs. 42.00 [33.50, 53.00];
p = 0.47), TC (146.00 [122.00, 181.00] vs. 140.00
[120.50, 167.50; p = 0.80) and TG (119.00 [74.00,
160.00] vs. 102.00 [83.50, 120.50]; p = 0.34) were
not statistically significant. Also, the number of
patients with LDL > 70 was not significantly higher
in TCFA group as compared to non-TCFA group (24
vs. 15; p = 0.223) (Fig. 1). The summary of lipid
plasma levels is listed in Table 3.

In non-TCFA group there was no significant
correlation between ., LCBI,,., and LDL levels
(r = -0.55, p = 0.783), TC levels (r = -0.133,
p = 0.498) nor HDL-Clevels (r = -0.062, p = 0.754).
In TCFA lesions there was also no correlation
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Table 3. Summary of lipid plasma levels.

Blood lipid levels TCFA (n = 35) Non-TCFA (n = 29) P

LDL-C 80.00 (69.00, 111.00) 72.00 (58.50, 97.50) 0.43
HDL-C 39.50 (35.75, 46.00) 42.00 (33.50, 53.00) 0.47
TC 146.00 (122.00, 181.00) 140.00 (120.50, 167.50) 0.80
TG 119.00 (74.00, 160.00) 102.00 (83.50, 120.50) 0.34

Variables are displayed as mean + standard deviation when a normal distribution is present, or as median (1°-3" quartile) when there was not
a normal distribution present. For each variable, the percentage of patients involved (n%) is given. HDL-C — high density lipoprotein choles-
terol; LDL-C — low density lipoprotein cholesterol; TC — total cholesterol; TCFA — thin cap fibrous atheroma; TG — triglycerides

200
Error bars: 95% confidence interval

150+ {

S
3100+
= 1 1
50+
¢ 3 @ Non-TCFA
e TCFA
T Non-TCFA
T TCFA
LDL-C value HDL-C value TC value

Figure 1. The relation of lipid plasma levels between
thin cap fibrous atheroma (TCFA) and non-TCFA group.
Variables are displayed as median with 193" quartile;
HDL-C — high density lipoprotein cholesterol; LDL-C
— low density lipoprotein cholesterol; TC — total cho-
lesterol.

between ,,.,.LCBI,,.., and LDL levels (r = 0.105,
p = 0.549) nor TC levels (r = —-0.035, p = 0.844) but
a negative correlation was found between HDL-C
and ,,,,.LCBI,,, (r = -0.453, p = 0.007) (Fig. 2).

Discussion

The major findings of the present study are as
follows: 1) there was no correlation between LDL-C,
TC and TG plasma levels and the number of li-
pids in coronary plaque assessed by NIRS in both
groups, 2) HDL-C correlated with ,,, LCBI,,,, in
TCFA lesions, 3) there was no difference in LDL-C,
HDL-C, TC and TG plasma levels in patients with
TCFA compared to those with non-TCFA lesions,

4) based on IVUS analysis TCFA characterized
greater values of plaque volume, plaque burden
and stenosis length.

A large number of patients suffering from
SCAD has aroused an interest in the pathology
of atherosclerotic plaque. The Dynamic Registry
revealed that 6% of lesions being < 50% in sever-
ity during initial angiography progressed mainly
as ACS [22]. It showed that there is a need for a
new diagnostic approach to finding clinically silent
plaques. Pathological studies have found TCFA le-
sions to be the main precursor of plaque rupture
in patients suffering from ACS [6, 23]. It was dis-
tinguished by a fibrous cap thickness which was
< 65 um, a small MLA, and a larger plaque burden
[6]. This finding and the fact that an angiographic
evaluation of the stenosis was not sufficient led to
the development of intravascular imaging modali-
ties which facilitated in vivo TCFA identification.
Especially OCT imaging, due to its high resolution
emerged as a favorable intravascular modality in
confirming a vulnerable plaque presence. OCT
measurements determined a borderline fibrous
cap thickness of < 65 um [6, 7, 24]. Also, studies
evaluating multiple imaging modalities enabled
TCFA identification using IVUS, NIRS-IVUS or
VH-NIRS. IVUS, in contrast to OCT, IVUS enables
deep penetration into the plaque. Roleder et al.
[24] emphasized its superior role in the estimation
of plaque burden, vessel remodeling, and plaque
vulnerability identification. Based on its measure-
ments TCFA was defined as a lesion with a plaque
burden greater than 70%, and a MLA of 4 mm® or
less [25]. Those lesions were also associated with
higher major adverse cardiac event (MACE) rate
[26] and positive remodeling [27]. Based on our
results, TCFA characterizes greater plaque burden
and plaque volume.

The adjustment of NIRS to IVUS enables the
periprocedural analysis of chemical composition
of the plaque and distinguishes lipid-rich lesions.
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Figure 2. A-D. The correlations between low density lipoprotein cholesterol (LDL-C) (A), high density lipoprotein
cholesterol (HDL-C) (B), total cholesterol (TC) (C), triglycerides (TG) (D) and ,.,LCBlm. A. Correlation between LDL-C
in thin cap fibrous atheroma (TCFA) and non-TCFA group was respectively 0.105 (p = 0.549) and -0.55 (p = 0.783);
B. Correlation between HDL-C in TCFA and non-TCFA group was respectively —0.453 (p = 0.007) and -0.062 (p = 0.754);
C. Correlation between TC in TCFA and non-TCFA group was respectively -0.035 (p = 0.844) and -0.133 (p = 0.498);
D. Correlation between TG in TCFA and non-TCFA group was respectively 0.059 (p = 0.735) and -0.21 (p = 0.283).

It was also believed that identification of lipid-rich
plaques based on chemical analysis might point
out lesions responsive to intensive lipid-lowering
therapy. It not only plays a qualitative role but
also enables the quantitative measurement of
lipid content as a ,,,,LCBI,,. [9, 28]. According
to NIRS results, TCFA was described by Inaba et
al. [11] as a lesion with a threshold of ,,,,LCBI,
>323. A statistically significant association between
maxLCBLm and an increased incidence of MACE
was also observed [29, 30].

It is commonly known that higher LDL-C and
TC plasma levels increase the risk of vulnerable
plaque [18]. Some clinical trials showed that LDL-C
lowering therapy decreases the risk of cardiovas-
cular events. The influence of LDL-C reduction of
lipid content measured by NIRS was found in the

Yellow trial which showed a decrease in ,,,, LCBI,,,..
after rosuvastatin intensive therapy [31]. Even
though LDL-C is considered to be one of the main
factors of SCAD, many patients presenting with
SCAD have LDL-C within normal levels, which was
shown in a study carried out by Sachdeva et al. [32]
revealing that only 50.5% of the patients admitted
with SCAD presented LDL-C levels greater than
100 mg/dL [32]. This may explain the lack of correla-
tion between LDL-C and ,,,,LCBI,,,,, for both groups
in the present study. According to LDL-C plasma
levels in TCFA and non-TCFA group, Nasu et al. [14]
showed that in the TCFA group LDL-C levels were
significantly higher than in the non-TCFA group while
a study conducted by Nagasawa et al. [33] revealed
no difference between those groups and this is what
was also demonstrated in the current study.
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High density lipoprotein cholesterol is in-
versely related to SCAD. Its main role is to remove
the excessive cholesterol by transporting its par-
ticles from non-hepatic cells to the liver and other
steroidogenic organs [34]. It is believed that it plays
a pivotal role in the inhibition of atherosclerosis by
reducing the migration of inflammatory cells into
the artery wall and inhibiting LDL-C oxidation [35].
The Framingham Heart Study highlighted HDL-C
as a risk factor for SCAD and considered it to be
of greater importance as compared to LDL-C [17].
A study conducted by Honda et al. [36] revealed
that independent of statin use HDL-C inversely
correlated with a change in lipid plaque composi-
tion assessed by NIRS. The mentioned study and
other studies did not show an association between
LDL and ., LCBI,,,, which indicates the role of
HDL-C in plaque composition and also agrees with
the findings of the present study [37, 38]. It sug-
gests that HDL-C may decrease the vulnerability
of the plaque, but this finding requires further
investigation.

As far as TG are concerned, it was shown
that they were among factors inducing the plaque
progression [39], but are not independently as-
sociated with CAD. Further studies focused on
the relationship between lipid plasma levels and
plaque morphology showed no relation between
TG and ,,,,LCBI,,., which was also found in the
current study.

It needs to be highlighted that only peripro-
cedural lipid plasma levels were measured with
no insight into long-term analysis. Danek et al.
[40] studied the progression of atherosclerosis in
saphenous vein grafts and revealed that in contrast
to the LDL-C and TG measured annually, the
periprocedural measurements showed no associa-
tion with ,,.,,LCBIL,,.... It was also found that annual
measurements are more representative for the
assessment of plaque morphology. It may explain
the lack of correlation between lipid plasma levels
and ,,,,LCBI,,, in the present study.

According to patients who had suffered from
myocardial infarction in the past, there was no
significant difference between the TCFA and non-
TCFA group. What was found was that all these
patients had a significantly lower ,,,, LCBI,,,, value
which had probably occurred due to lipid-lowering
therapy.

Limitations of the study

This study involves a small number of patients
which leads to an increased risk of selection bias.
The main limitation of this study is the fact that the

length of lipid-lowering therapy remains unknown
and was not taken into account. Additionally, only
the stented lesion was analyzed without insight
into other plaques in the coronary tree which may
have led to an inaccurate assessment of the as-
sociation between lipid plasma levels and plaque
morphology. A larger and prospective study is
needed to verify the results of this study.

Conclusions

The major finding of the present study showed
that there was no correlation between plasma LDL-C,
TC, and TG level and the number of lipids in
coronary plaque assessed by NIRS in both TCFA
and non-TCFA group. Only HDL-C correlated with
2 LCBLm in TCFA lesions. There was also no dif-
ference in LDL-C, HDL-C, TC, and TG in patients
with TCFA compared to those with non-TCFA le-
sions. Based on IVUS analysis TCFA characterized
greater values of plaque volume, plaque burden and
stenosis length.
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Abstract

Background: Oral anticoagulants (OAC) are recommended in all patients with atrial fibrillation (AF)
after thromboembolic events without contraindications. It is hypothesized herein, that the majority of pa-
tients with AF after thromboembolic events receive OAC and the presence of specific factors, predisposes
the use of non-vitamin K antagonist oral anticoagulants (NOACs).

Methods: This is a retrospective study, encompassing patients with AF hospitalized in a reference
cardiology center over the years 2014-2017. Thromboembolic events were defined as: ischemic stroke,
transient ischemic attack and systemic embolism. Inclusion criteria were the following: diagnosis of
non-valvular AF at discharge from hospital, hospitalization not resulting in death.

Results: Among 2834 hospitalized patients with AF, a history of thromboembolic events was identified
n 347 (12.2%) patients. In the group studied, of 347 patients with AF after a thromboembolic event,
322 (92.8%) received OAC, including 133 patients on vitamin K antagonist (41.3% of patients on
OAC) and 189 patients on NOACs (568.7% of patients on OAC). Among patients treated with NOACs
the majority were on dabigatran (116 patients, 61.4%), followed by rivaroxaban (54 patients, 28.6%),
and apixaban (19 patients, 10%). Multivariate logistic regression analysis demonstrated that the pres-
ence of arterial hypertension veduced the chance for NOACs use (odds ratio [OR] 0.4, 95% confidence
wterval [CI] 0.2-0.9, p = 0.04) and left atrial size < 40 mm was a factor increasing the chance for the
use of NOACs (OR 2.5, 95% CI 1.1-5.8, p = 0.03).

Conclusions: Nearly all hospitalized patients with AF received OAC in the secondary prevention of
thromboembolic complications. NOACs were used for secondary prevention of stroke among patients
with AF in patients with fewer comorbidities. (Cardiol ] 2021; 28, 6: 896-904)

Key words: atrial fibrillation, oral anticoagulants, secondary prevention, thromboembolic
event, stroke

Introduction developed countries nearly 85% of strokes are of

ischemic origin caused by a blockage of blood flow

Atrial fibrillation (AF) is the most common to the brain through narrowed or closed arteries,
supraventricular arrhythmia. Thromboembolic while 15% of strokes are hemorrhagic [3]. It has
events, mainly involving cerebral circulation, been established that AF is associated with a 5-fold
constitute its most serious complication [1, 2]. In increase in the risk of ischemic stroke and is gen-
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erally responsible for 15-20% of all strokes [4, 5].
A history of thromboembolism in a patient with
AF is the strongest risk factor for another throm-
boembolic event [6]. Oral anticoagulants (OAC)
should be used for prevention of thromboembolism
among patients with AF and the risk factors for
such events [7]. Non-vitamin K antagonist oral an-
ticoagulants (NOACs) are used increasingly more
often and are characterized by at least a similar or
greater effectiveness compared to that of vitamin K
antagonists (VKA) [8-11].

The aim of this study was to assess the fre-
quency of use of NOACs among hospitalized pa-
tients with AF and a history of thromboembolism,
as well as to analyze factors which predispose the
choice of NOACs in this group of patients.

Methods

Study group

Patients with AF hospitalized at a reference
cardiology center, over the years 2014-2017,
were included in this retrospective analysis. The
following inclusion criteria of the study were ap-
plied: diagnosis of AF at discharge from hospital,
hospitalization not resulting in death. Patients with
valvular AF (mechanical valve prosthesis, severe
mitral stenosis) were excluded from the study.
Thromboembolic complications were defined as:
1schemic stroke, transient ischemic attack (TIA),
and systemic embolism. Anticoagulation treatment
was evaluated at discharge from the hospital.

Statistical analysis

Arithmetic means, standard deviations, medi-
ans and quartiles were used to describe quantita-
tive data. Distribution of qualitative data was pre-
sented as frequency and percentages. Frequencies
were compared using the y” test or the exact Fisher
test. Normality of distribution was tested with the
Shapiro-Wilk test. If the assumption of normality
of distribution was fulfilled, the distributions of
quantitative variables were compared using the
Student t-test, while in the absence of normality of
distribution, the U Mann-Whitney test was applied.
Uncorrected (crude) and corrected (adjusted) odds
ratios (OR) together with 95% confidence intervals
(ClIs) were determined using a logistic regression
model. Multivariate logistic regression analysis
included variables with statistically significant OR,
confirmed in univariate analysis. All statistical tests
conducted were two-sided and zero hypotheses
were rejected when p < 0.05. The R software
v. 3.4.3 (R Core Team (2017). R: A language and

Table 1. Anti-stroke prophylaxis in patients with
atrial fibrillation after thromboembolic complica-
tions (n = 347).

Type of prophylaxis Number and

percentage
of patients
Oral anticoagulants 322 (92.8%)
Vitamin K antagonists 133 (38.3%)
Non-vitamin K oral anticoagulant: 189 (54.5%)
Apixaban 19 (5.5%)
Dabigatran 116 (33.4%)
Rivaroxaban 54 (15.6%)
Antiplatelet medicine / medicines 9 (2.6%)
Low molecular weight heparin 7 (2%)
Without prevention 9 (2.6%)

environment for statistical computing. R Founda-
tion for Statistical Computing, Vienna, Austria.
URL https://www.R-project.org/) and STATISTICA
v. 12 were used to conduct the analyses.

Results

In a group of 2834 consecutively hospitalized
patients with AF, a history of thromboembolic
complications was noted in 347 (12.2%) patients.
Among the 347 patients with AF after thromboem-
bolic events, 245 (70.6%) patients were diagnosed
with stroke, 56 (16.1%) patients with TIA, 37
(10.7%) with systemic embolism, and more than
one presentation of thromboembolic complication
were noted in 9 (2.6%) patients.

In the group of 347 patients examined with
AF after thromboembolic event, 49.6% were male
and mean patient age amounted to 75.1 years.
Fifty-one (14.7%) patients were under 65 years
of age, 104 (30%) patients were aged 65-74, 133
(38.3%) patients were aged 75-84 years, and 59
patients were at least 85 (17%). A 128 (36.9%)
patients presented with paroxysmal AF, 48 (13.8%)
patients with persistent AF, and 171 (49.3%) with
permanent arrhythmia. In the study group of 347
AF patients with a history of thromboembolic
events, 322 (92.8%) received an OAC at the time
of discharge from the hospital, including 133 on
VKA (41.3% of patients treated with OAC) and 189
on NOACs (58.7% of patients with OAC). Table 1
presents pharmacological means of stroke preven-
tion in the study group.

In a group of 189 patients treated with NOACs
dabigatran was used most frequently — 116

www . cardiologyjournal.org 897



Cardiology Journal 2021, Vol. 28, No. 6

80%
70%
60%
50%
40%
30%

Percentage of patients

N
o
2

10%-

W VKA
CINOAC

0%-
2014 2015
(n = 76) (n = 86)

Number of patients

2016 2017
(n = 92) (n = 68)

Figure 1. Percentage of patients treated with vitamin K antagonist (VKA) and non-vitamin K antagonist oral anticoagu-
lants (NOAC) with atrial fibrillation after thromboembolic complications hospitalized between 2014 and 2017.

patients (61.4% of subjects were treated with
NOACsS), followed by rivaroxaban — 54 (28.6% of
subjects were treated with NOACs), and apixaban
— 19 patients (10% of subjects were treated with
NOACS). Standard doses were administered in 76
(40.2%) patients on NOACs, while 113 (59.8%)
patients received reduced doses.

The following number of patients with AF and
history of thromboembolic events were hospital-
ized during the years 2014-2017: 76, 86, 92, and
68 patients, respectively. A significant increase in
the proportion of patients on NOACs were among
all OAC-treated subjects: from 34.2% in 2014 to
75% of subjects in 2017 (Fig. 1).

Patients with AF and a history of thrombo-
embolic events treated with VKA vs. NOACs
with regard to age, type of AF, and comorbidities
(Table 2) were compared. Patients with AF, who
were prescribed a NOACs suffered from arterial
hypertension heart failure, or myocardial infarc-
tion less often than those receiving VKA. They
were also characterized by lower mean CHADS,
and CHA,DS,VASc scores as well as higher left
ventricular ejection fraction and smaller left atrial
dimension in echocardiographic assessment.

Univariate logistic regression analysis dem-
onstrated that among patients after thromboem-
bolic complications the following characteristics
significantly reduced the chance of receiving
a prescription for NOACs: arterial hypertension,
heart failure, history of myocardial infarction,
and CHADS, score > 4 points. Among echocar-
diographic parameters ejection fraction < 50%
significantly reduced chance for the use of NOACs
in the group studied. However, left atrial size
< 40 mm was a factor significantly increasing the
likelihood of being prescribed NOACs (Table 3).

Multivariate logistic regression analysis showed
that arterial hypertension significantly reduced
the chance of NOACs use, while left atrial size
< 40 mm significantly increased the likelihood of
NOACs administration in patients with AF and
a history of thromboembolic events (Table 4).

Discussion

In the present study, encompassing almost
3000 hospitalized patients with AF, thromboem-
bolic events were diagnosed in 12% of subjects. In
the PREFER registry thromboembolic complica-
tions were noted in 8.4% of patients with AF [12].
A similar proportion of patients with a history of
stroke, amounting to 10.5%, was found in the 2™
phase of the GLORIA-AF registry [13]. A higher
proportion of patients after stroke/TIA than in the
current study was established in the GARFIELD
registry — it amounted to 15.2% in cohort I, and
21.4% in cohort II. In the Polish population of
patients included in the GARFIELD registry the
percentage of patients after stroke/TIA was lower
and amounted to 8.3% and 7.9% in cohort I and II,
respectively [14]. The population of patients in the
present study was higher than in the GARFIELD
registry — mean patient age was 75 years, while in
the GARFIELD registry it amounted to 67 years in
the Polish population; in the European population
it amounted to 73 years in cohort Il and 72 years in
cohort I [14]. Among 2259 British patients with AF
remaining under the care of general practitioners,
19% had a history of stroke. Mean age of patients
in this study was similar to that in the current
study — 76 years [15].

Patients with a history of thromboembol-
ic complications have at least 2 points on the
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Table 2. Clinical characteristics of patients with atrial fibrillation vitamin K antagonist (VKA) or non-
-vitamin K antagonist oral anticoagulant (NOAC)-treated after thromboembolic events.

Clinical feature OAC group VKA group NOAC group P

(n = 322) (n = 133) (n = 189)
Age [years] 0.81
Mean = SD 74.9 = 9.9 74.8 = 9.5 74.9 = 10.9
Median (Q1-Q3) 76 (68-83) 76 (68-83) 76 (68-83)
Age [years] 0.61
Age < 50 3 (0.9%) 0 (0.0%) 3 (1.6%)
Age 50-64 45 (14.0%) 18 (13.5%) 27 (14.3%)
Age 65-74 99 (30.7%) 43 (32.3%) 56 (29.6%)
Age > 74 175 (54.3%) 72 (54.1%) 103 (54.5%)
Female 165 (51.2%) 71 (53.4%) 94 (49.7%) 0.52
Form of atrial fibrillation 0.59
Paroxysmal 161 (50.0%) 62 (46.6%) 99 (52.4%)
Persistent 116 (36.0%) 51 (38.4%) 65 (34.4%)
Permanent 45 (14.0%) 20 (15.0%) 25 (13.2%)
Medical history
Hypertension 258 (80.1%) 114 (85.7%) 144 (76.2%) 0.03
Heart failure 227 (70.5%) 106 (79.7%) 121 (64.0%) 0.002
Diabetes mellitus 115 (35.7%) 47 (35.3%) 68 (36.0%) 0.91
Previous stroke 234 (72.7%) 99 (74.4%) 135 (71.4%) 0.55
Previous TIA 60 (18.6%) 26 (19.5%) 34 (18.0%) 0.72
Coronary artery disease 101 (31.4%) 42 (31.6%) 59 (31.2%) 0.95
Myocardial infarction 91 (28.3%) 48 (36.1%) 43 (22.8%) 0.009
PCI 53 (16.5%) 27 (20.3%) 26 (13.8%) 0.12
CABG 31 (9.6%) 17 (12.8%) 14 (7.4%) 0.11
COPD 29 (9.0%) 13 (9.8%) 16 (8.5%) 0.69
Hyperthyroidism 21 (6.5%) 10 (7.5%) 11 (5.8%) 0.54
Hypothyroidism 31 (9.6%) 10 (7.5%) 21 (11.1%) 0.28
CHADS, [points]
Mean = SD 44 = 1.0 45 = 0.9 43 1.0 0.04
Median (Q1-Q3) 4 (4-5) 5 (4-5) 4 (4-5)
CHADS; 2-3 58 (18%) 15 (11.3%) 43 (22.8%) 0.008
CHADS2 > 3 264 (82%) 118 (88.7%) 146 (77.2%) 0.008
CHA,DS,VASc [points]
Mean = SD 6.5+ 1.4 6.7 + 1.3 6.4+15 0.08
Median (Q1-Q3) 7 (6-7) 7 (6-8) 6 (5-7)
CHA,DS,VASc 2-3 9 (2.8%) 1 (0.8%) 8 (4.2%) 0.09
CHA,DS,VASc > 3 313 (97.2%) 132 (99.2%) 181 (95.8%) 0.09
HAS-BLED
Mean = SD 2.6 £ 0.8 2.7 £0.7 2.6 = 0.8
Median (Q1-Q3) 3 (2-3) 3 (2-3) 3(2-3)
ECHOCARDIOGRAPHY
EF [%] [n = 250] [n = 106] [n = 144] 0.04
Mean = SD 46.9 = 12.9 44.9 = 13.7 48.4 = 12.2
Median (Q1-Q3) 50 (40-55) 49,5 (38-55) 50 (43-55)
EF > 50% 101 (40.4%) 34 (32.1%) 56 (38.9%)
EF 50-30% 115 (46.0%) 54 (50.9%) 61 (42.4%)
EF < 30% 101 (13.6%) 34 (32.1%) 56 (38.9%)

-
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Table 2 (cont.). Clinical characteristics of patients with atrial fibrillation vitamin K antagonist (VKA) or
non-vitamin K antagonist oral anticoagulant (NOAC)-treated after thromboembolic events.

Clinical feature OAC group VKA group NOAC group P
(n = 322) (n = 133) (n = 189)

LA [mm] [n = 248] [n = 106] [n =142] < 0.0001

Mean = SD 47.3 = 8.2 49.6 = 8.9 45.7 + 7.3

Median (Q1-Q3) 46 (42.5-52) 48.5 (45-54) 45 (41-50.7)

LA > 40 mm [n = 246] 205 (83.3%) [n = 106] 97 (91.5%) [n = 142] 108 (76.1%) 0.002

LABORATORY TESTS

Hemoglobin [g/dL] [n = 321] [n =132] [n = 189] 0.38

Mean = SD 13.2 £ 1.7 13.1 £ 1.7 13.2 £ 1.6

Median (Q1-Q3) 1.2 (12.1-14.3) 13.2 (12.1-14.2) 13.2 (12.1-14.5)

GFR [mL/min] 0.16

Mean = SD 55.8 = 18.6 53.7 = 17.3 57.3 = 19.4

Median (Q1-Q3) 54.9 (43.8-66.3) 53.7 (42.6-65.6) 56.0 (44.3-67.4)

GFR > 60 114 (35.4%) 43 (32.3%) 118 (37.6%) 0.43

GFR 60-46 111 (34,5%) 48 (36.1%) 63 (33.3%)

GFR 45-30 63 (19.6%) 25 (18.8%) 38 (20.1%)

GFR 29-15 23 (71%) 12 (9.0%) 11 (5.8%)

GFR < 15 1 (0.3%) 0 (0.0%) 1 (0.5%)

CABG — coronary artery bypass grafting; COPD — chronic obstructive pulmonary disease EF — ejection fraction; GFR — glomerular filtration
rate; LA — left atrial; PCl — percutaneous coronary intervention; TIA — transient ischemic attack

Table 3. Factors increasing the chances of using non-vitamin K antagonist oral anticoagulant (NOAC)
in patients with atrial fibrillation after thromboembolic complications — univariate logistic regression
analysis.

Factors VKA group NOAC group Crude OR 95% ClI P
(n = 133) (n = 322)

Sex

Female 71 (53.4%) 94 (49.7%) Ref. level

Male 62 (46.6%) 95 (50.3%) 1.2 0.7-1.8 0.52

Age [years] 74.8 £ 9.5 74.9 = 10.3 1.0 0.98-1.02 0.96

< 65 18 (13.5%) 30 (15.9%) Ref. level

65-74 43 (32.3%) 56 (29.6%) 0.8 0.4-1.6 0.49

> 74 72 (54.1%) 103 (54.5%) 0.9 0.4-1.7 0.65

Form of AF

Paroxysmal 51 (38.3%) 65 (34.4%) Ref. level

Persistent 20 (15.0%) 25 (13.2%) 1.0 0.5-2.0 0.96

Permanent 62 (46.6%) 99 (52.4%) 1.3 0.8-2.0 0.36

Form of AF

Permanent 62 (46.6%) 99 (52.4%) Ref. level

Persistent 51 (38.3%) 65 (34.4%) 0.8 0.5-1.3 0.36

Paroxysmal 20 (15.0%) 25 (13.2%) 0.8 0.4-1.5 0.47

Hypertension

No 19 (14.3%) 45 (23.8%) Ref. level

Yes 114 (85.7%) 144 (76.2%) 0.5 0.30-0.96 0.04

Heart failure

No 27 (20.3%) 68 (36.0%) Ref. level 0.3-0.8 0.003

Yes 106 (79.7%) 121 (64.0%) 0.5
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Table 3 (cont.). Factors increasing the chances of using non-vitamin K antagonist oral anticoagulant (NOAC)
in patients with atrial fibrillation after thromboembolic complications - univariate logistic regression analysis.

Factors VKA group NOAC group Crude OR 95% CI p
(n = 133) (n = 322)

Diabetes mellitus

No 86 (64.7%) 121 (64.0%) Ref. level

Yes 47 (35.3%) 68 (36.0%) 1.0 0.6-1.6 0.91

Previous stroke

No 34 (25.6%) 54 (28.6%) Ref. level

Yes 99 (74.4%) 135 (71.4%) 0.9 0.5-1.4 0.55

Previous transient ischaemic attack

No 107 (80.5%) 155 (82.0%) Ref. level

Yes 26 (19.5%) 34 (18.0%) 0.9 0.5-1.6 0.72

Coronary artery disease

No 91 (68.4%) 130 (68.8%) Ref. level

Yes 42 (31.6%) 59 (31.2%) 1.0 0.6-1.6 0.95

Myocardial infarction

No 85 (63.9%) 146 (77.2%) Ref. level

Yes 48 (36.1%) 43 (22.8%) 0.5 0.3-0.9 0.009

Percutaneous coronary intervention

No 106 (79.7%) 163 (86.2%) Ref. level

Yes 27 (20.3%) 26 (13.8%) 0.6 0.3-1.1 0.12

Coronary artery bypass graft

No 116 (87.2%) 175 (92.6%) Ref. level

Yes 17 (12.8%) 14 (7.4%) 0.5 0.3-1.2 0.11

Chronic obstructive pulmonary disease

No 120 (90.2%) 173 (91.5%) Ref. level

Yes 13 (9.8%) 16 (8.5%) 0.9 0.4-1.8 0.69

CHADS, score 45 = 0.9 43+ 1.0 0.8 0.6-0.97 0.029

2-3 15 (11.3%) 43 (22.8%) Ref. level

>3 118 (88.7%) 146 (77.2%) 0.4 0.2-0.8 0.001

CHA,DS,VASC score 6.7 £ 1.3 6.4+15 0.9 0.7-1.01 0.06

2-3 1 (0.8%) 8 (4.2%) Ref. level

>3 132 (99.2%) 181 (95.8%) 0.2 0.02-1.4 0.10

HASBLED score 2.7 +0.8 2.6 = 0.8 0.9 0.7-1.2 0.56

Ejection fraction [%] 449 = 13.7 48.4 = 12.2 1.02 1.001-1.04 0.037

Missing value 27 (20.3%) 45 (23.8%) -

> 50 34 (25.6%) 67 (35.4%) Ref. level

30-50% 54 (40.6%) 61 (32.3%) 0.6 0.3-0.995 0.048

< 30% 18 (13.5%) 16 (8.5%) 0.5 0.2-0.994 0.048

Left atrial group [mm] 49.6 = 8.9 45.7 £ 7.3 0.94 0.91-0.97 0.0004

Missing value 27 (20.3%) 47 (24.9%) -

> 40 mm 97 (72.9%) 108 (57.1%) Ref. level

< 40 mm 9 (6.8%) 34 (18.0%) 3.4 1.5-7.4 0.002

Hemoglobin [g/dL] 13.1+ 1.7 13.2 £ 1.6 1.1 0.9-1.2 0.38

< 12 g/dL 31 (23.3%) 38 (20.1%) Ref. level

> 12 g/dL 101 (75.9%) 151 (79.9%) 1.2 0.7-2.1 0.47

GFR [mL/min] 53.7 £ 17.3 57.3 £ 19.4 1.01 0.998-1.023  0.09

> 60 mL/min 43 (32.3%) 71 (37.6%) Ref. level

60-46 mL/min 50 (37.6%) 66 (34.9%) 0.8 0.5-1.4 0.41

45-30 mL/min 26 (19.5%) 40 (21.2%) 0.9 0.5-1.7 0.82

< 30 mL/min 14 (10.5%) 12 (6.3%) 0.5 0.2-1.2 0.13

Data are shown as number (percentage) or mean = standard deviation. Cl — confidence interval, GFR — glomerular filtration rate; OR — odds
ratio; VKA — vitamin K antagonist
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Table 4. Factors increasing the chances of

using non-vitamin K antagonist oral anticoagulant
in patients with atrial fibrillation after thrombo-
embolic complications — multivariate logistic
regression analysis.

Factors Adjusted 95% P
OR Cl

Hypertension

No Ref. level

Yes 0.4 0.2-0.9 0.04

Heart failure

No Ref. level

Yes 0.6 0.3-1.2 0.14

Myocardial infarction

No Ref. level

Yes 0.6 0.3-1.1 0.13

CHADS, score

2-3 points Ref. level

> 3 points 1.0 0.4-2.7 0.97

Ejection fraction

> 50% Ref. level

50-30% 0.8 04-14 0.39

< 30% 0.8 0.3-1.8 0.53

Left atrial

> 40 mm Ref. level

< 40 mm 2.5 1.1-5.8  0.03

Cl — confidence interval; OR — odds ratio

CHA,DS,VASc scale, although usually the score is
higher due to age and comorbidities. In the present
study the majority of patients were over 75 years
and mean CHA,DS,VASc of patients treated with
OAC amounted to 6.5 points, thus this study group
was at the highest risk of thromboembolic events.

Lopatowska et al. [16] analyzed antithrombotic
management in AF implemented into practice
in a group of 1556 patients. The study showed
that the use of OAC increased with increasing
CHA,DS,VASc score but was less frequent in score
> 4 irrespectively of whether it was primary or
secondary prevention.

According to the current guidelines of the
European Society of Cardiology (ESC) on the
treatment of patients with AF, anticoagulation is
indicated in men with at least 2 points and women
with at least 3 points on the CHA,DS,VASc scale.
Therefore, each patient who had suffered a throm-
boembolic complication of AF should receive an
OAC [17]. Data from registries demonstrate that
clinical practice differs significantly from the guide-
lines. It is estimated that half of patients with AF

and no risk factors for thromboembolic complica-
tions receive an OAC and 1/3 of patients at high
risk of thromboembolic events remain without
prophylactic anticoagulation [18]. However, only
about 10% with AF have absolute contraindica-
tions to anticoagulant treatment. Mazurek et al.
[19] showed that in a group of 2250 patients with
AF contraindications to OAC were present in
only 8.3% of subjects. In the same study it was
shown that among patients with AF at high risk
of thromboembolic events both overtreatment,
as well as undertreatment, were associated with
significant increases in the risk of stroke, while
undertreatment was also associated with increased
total mortality [19]. In the present study OAC was
administered in 93% of patients, which is in agree-
ment with the reports of other authors, who con-
firmed that contraindications to OAC are present in
approximately one in ten patients with AF. In Dar-
lington Atrial Fibrillation Registry on 2259 patients
with AF a history of stroke was identified in 18.9%
of subjects [20]. In this group of patients OAC in
monotherapy or combined with an antiplatelet drug
was applied in 61.7% of subjects, 1/3 of patients
received only an antiplatelet drug, while 6.5% of
subjects with AF and history of stroke had no anti-
coagulation therapy [20]. In the current study OAC
was administered in 92.8% of patients with AF and
history of stroke, an antiplatelet drug/drugs in 2.6%
of subjects, low molecular weight heparin in 2%,
and 2.6% of patients were left without prophylactic
anticoagulation. In the present study the mean age
of patients with AF after a thromboembolic event
amounted to 75 years, while in a British study of
patients after stroke it was 79.6%. Also, patients
in the study herein were characterized by a higher
mean CHA,DS,VASc score compared to that of the
British authors. Significant differences regarding
treatment of patients after thromboembolic compli-
cations in studies under comparison probably ensue
from the fact that in the present study, prophylactic
anticoagulation was implemented by a reference
cardiac center, while in the British study, by general
practitioners.

In the current study the majority of patients on
OAC were treated with NOACs. Reduced NOACs
doses were used in 60% of patients and dabigatran
was the most frequent therapeutic choice. In
the SAMURAI-NVAF Study encompassing 1116
patients after stroke/TIA discharged from neu-
rology centers, the majority of patients received
VKA compared to NOAC (58.2 vs. 41.8%) [21].
Rivaroxaban, usually a full dose, was the most
frequently chosen NOAC in the SAMURAI-NVAF
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Study, followed by dabigatran and apixaban, which
were most often used in reduced doses [21]. In
the Novel Oral Anticoagulants in Stroke Patients
(NOACISP)-LONGTERM registry that included
251 patients after stroke, who were treated with an
OAC, NOAC was administered in 78% of patients
[22]. Over a 1-year observation period full adher-
ence was noted in 77.1% of patients treated with
NOAC and 83.3% of patients receiving VKA [23].

The data on anticoagulant therapy in the group
of women and men after thromboembolic compli-
cations is not consistent. In the present study, no
significant differences were noted between the
sexes preferring NOACs treatment. However,
in the SAMURAI-NVAF study, the group of men
after thromboembolism events were treated with
NOACs more often than with VKA [21].

In the current study NOACs was prescribed
more frequently than VKA in patients with lower
thromboembolic risk according to the CHA,DS,-
VASc and CHADS, scales, as well as with non-
dilated left atrium, while VKA was used more
often than NOACs among patients with arterial
hypertension, heart failure, history of myocardial
infarction and reduced left ventricular ejection
fraction. Multivariate logistic regression analysis
demonstrated that diagnosis of arterial hyperten-
sion significantly reduced the chance for NOACs
administration for secondary prevention of stroke
among patients with AF. It may be inferred that
NOACs are more likely to be selected in lower-
risk patients with fewer comorbidities. In a study
that included patients hospitalized over the years
2004-2012 at the documented center, among
patients at high risk of thromboembolic complica-
tions, the proportion of subjects with a history of
thromboembolic events was higher in the group
treated with OAC compared to those not treated
with OAC [24]. In a Danish study conducted be-
tween 2011 and 2013, history of stroke was a factor
predisposing the use of NOACs over VKA [25].
In the 2016 ESC guidelines experts recommend
a preference of NOAC to VKA or acetylscalicylic
acid among patients after stroke [17]. In the pre-
sent study significant increase was demonstrated in
the use of NOACs in patients after thromboembolic
events — in 2017, % of patients treated with oral
anticoagulation received a NOACs.

Limitations of the study

There are several limitations of the present
study. As is the case for all retrospective studies,
there exist potential unidentified confounders. Data
sources could not ascertain symptom severity of

AF and the date of thromboembolic complication.
There was no adjustment for levels of socioeco-
nomic status or education levels of patients in the
study group.

Conclusions

Oral anticoagulants were administered for
secondary prevention of thromboembolic events
in nearly all hospitalized patients with AF. NOACs
were used in the majority of patients treated with
oral anticoagulation and they were more often used
in reduced than standard doses. NOACs were more
frequently used for secondary prevention of stroke
in AF patients with fewer comorbidities.
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Abstract

Background: Atherosclerosis is as a systemic inflammatory disease associated with the activation
of many mediators, including matrix metalloproteinases (MMPs), and may be amplified by abnormal
high serum uric acid (UA) concentration (hyperuricemia, HU). The aim of the study was to determine
the relationship between sevum UA concentration and activity of MMPs and their correlation with the
hypertension-mediated organ damage (HMOD) intensity.

Methods: One hundred and nine patients untreated with antihypertensive, hypolipemic or urate-
lowering drugs with diagnosed stage 1-2 essential hypertension were included in this study. In all par-
ticipants blood pressure (BP) was measured, carotid-femoral pulse wave velocity (PWV), intima—media
thickness (IMT), echocardiography and blood tests including UA, lipids and serum concentrations of
MMPs (1, 2, 3, 9) were observed. The participants were divided into hyper- and normuricemic groups.
Results: Uric acid concentration in the whole study group positively correlated with some HMOD
parameters (IMT, PWYV, left ventricular mass index, left atrial dimension). Among the studied metal-
loproteinases only MMP-3 activity positively correlated with serum UA concentration independently
of age, body mass index and sevum lipids (R2 = 0.11, p = 0.048). Multivariate regression analysis
showed positive association between IMT and BE UA concentration and MMP-3 activity, independently
of waist circumference and serum lipids (R2 = 0.328, p < 0.002). Patients with HU were characterized
by higher activity of MMP-3 than those without (19.41 [14.45; 21.74] vs. 13.98 [9.52; 18.97] ng/mL,
bp = 0.016).

Conclusions: The present results may support the thesis that UA and the increased by UA activity of
MMPs may take part in the development of HMOD, especially IMT. (Cardiol J 2021; 28, 6: 905-913)
Key words: arterial hypertension, uric acid, hyperuricemia, matrix metalloproteinases,
metabolic syndrome

Introduction sociated with the activation of many mediators and

Cardiovascular disorders caused by atheroscle-
rosis remain the main cause of morbidity and death
in developed countries. Currently atherosclerosis
is defined as a systemic inflammatory disease as-

effectors, including excessive activation of matrix
metalloproteinases (MMPs) [1] MMPs are a large
group of zinc-dependent proteolytic enzymes which
play a key role in physiological and pathological
inflammatory processes, including activation of
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immune cells, damage and apoptosis of endothe-
lial cells, fibrosis and remodeling of vascular wall.
Increased activity of MMPs was described in many
inflammatory diseases as well as in selected car-
diovascular diseases [2, 3].

Under physiological conditions MMPs are
inhibited by a group of tissue inhibitors of metal-
loproteinases (TIMPs) [4, 5]. The collagenases
(MMP-1, -8, -13, -18) are capable of breaking down
interstitial collagen I, II, III. Collagen fragments
are further degraded by gelatinases (MMP-2, -9),
MMP-2, -9 are also involved in the degradation
of collagen IV, vessel remodeling, angiogenesis,
inflammation and atherosclerotic plaque rupture.
Stromelysin-1 (MMP-3) and stromelysin-2 (MMP-
10) play the key role in extracellular matrix protein
degradation by activation of MMPs cascade [6-8].

Essential hypertension is associated with vas-
cular wall remodeling, which may be amplified by
abnormal high serum uric acid (UA) concentration
Increased UA concentration is called hyperurice-
mia (HU). HU is a common condition which may
affect up to a quarter of the adult population [9,
10]. Many factors promote the development of HU,
especially: the use of a high-purine diet, sedentary
lifestyle, metabolic syndrome, obesity and arterial
hypertension. In most cases, HU is accompanied by
high estimated cardiovascular risk [11, 12].

Uric acid is an important antioxidant, but in
excessive amounts it can activate the formation
of reactive oxygen species. UA participates in
atherogenesis process by enhancing inflammation,
causing endothelium dysfunction, vascular smooth
muscle proliferation, increased platelet adhesion
and lipid peroxidation [13]. In subjects with arte-
rial hypertension HU is associated with increased
risk of coronary heart disease and cardiovascular
mortality [14, 15].

The action mechanism of elevated UA con-
centration on the progression of vascular changes
has yet to be clearly identified. Available data in
the literature about the relationship between HU
and MMPs activity is limited.

The aim of the study was to determine the
relationship between serum UA concentration and
selected MMPs activity and their correlation with
hypertension-mediated organ damage (HMOD).

Methods

The study group consisted of consecutive
patients with diagnosed essential hypertension
stage 1 or 2 (blood pressure [BP] > 140/90 and <
<180/110 mmHg) in accordance with the 2018 Eu-

ropean Society of Hypertension/European Society
of Cardiology (ESH/ESC) guidelines [16]. They
were admitted within a 6 month period to the hyper-
tension outpatient department. Subjects were both
women and men aged 20-80 years. The exclusion
criteria included: symptomatic gout, coronary
heart disease (previous myocardial infarction,
coronary angioplasty procedure or coronary artery
bypass surgery), atrial fibrillation, stroke history
or transient ischemic attack episode, active acute
or chronic inflammatory process, cancer, kidney or
liver failure and reported treatment with antihy-
pertensive, hypolipemic or urate-lowering drugs
in the prior 4 weeks.

Study procedures

All participants underwent medical exami-
nation, with office BP measurements in standard
conditions, after 10 min rest, in a sitting position
on the non-dominant arm with the use of the Om-
ron M5-I oscillometric device (Omron Healthcare
Co.,Japan). The mean of the three measurements
at 1-min intervals was taken for analysis. 24-h am-
bulatory blood pressure monitoring (ABPM) was
also performed using a SpaceLabs 90207 recorder
(SpaceLabs Inc, Richmond, Washington, USA) ac-
cording to ESH/ESC recommendations [16]. The
SphygmoCor (AtCor Medical, Sydney, Australia)
device was used to examine arterial stiffness.
Carotid-femoral pulse wave velocity (PWV) and
central blood pressure in the aorta were measured
according to ESC expert consensus recommenda-
tions [17, 18]. Echocardiographic examination us-
ing the Vivid 7® VingMed (GE-Healthcare Chicago,
IL, USA) device was performed in accordance
with the ESH/ESC guidelines for the management
of hypertension [16]. The left ventricular mass
(LVM) was calculated according to the Devereaux
formula using the Penn convention LVM = 1.04
([left ventricular internal diameter in diastole +
+ posterior wall thickness in diastole + inter-
ventricular septum thickness in diastole]3 — [left
ventricular internal diameter in diastole]3) - 13.6 g
[19]. Ultrasound carotid arteries were examined
with intima-media thickness (IMT) measurement
of common carotid artery and was carried out in ac-
cordance with recommendations of the Mannheim
consensus with the use of the Vivid 7° VingMed
(GE-Healthcare Chicago, IL, USA) [20].

Measurements of serum concentrations of
UA, creatinine, total cholesterol, high-density
lipoprotein cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C) and triglycerides were
performed. Blood samples from the antecubital
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vein were taken for the determination of serum
concentrations of metalloproteinases (MMP-1,
MMP-2, MMP-3 and MMP-9) and tissue inhibitor
of matrix metalloproteinases-1 (TIMP-1) in the
morning hours before study procedures. Then the
plasma was separated and samples stored at —75°C
until analysis. TIMP-1 plasma concentrations were
measured using an ELISA kit (Human TIMP-1
Immunoassay, Quantikine, R&D Systems Europe,
Ltd. Abingdon, UK). The concentration of serum
metalloproteinases was measured using kits from
R&D Systems Europe Ltd, Abingdon, UK.

According to The Third National Health and
Nutrition Examination Survey (NHANES III,
1988-1994) hyperuricemia was defined as UA
concentration > 7 mg/dL (416 umol/L) in men and
> 5.7 mg/dL (339 umol/L) in women [21]. Based
on the cut-off values, the study group was divided
into hyper- and normuricemia group.

Statistical analysis

Statistical analyses were performed with STA-
TISTICA software (StatSoft, Poland), version 13.1.
Nonparametric tests were used, because some of the
variables studied did not have a normal distribution
and study subgroups had different numbers. Groups
were compared using the Mann-Witney U test and
the association between variables was studied using
the Spearman rank correlation. For the evaluation
of association of HMOD with UA concentration,
multivariate regression analysis was used. P-values
< 0.05 were considered statistically significant.

Results

Relation of UA serum concentration with
the hypertension-mediated organ damage
and selected biochemical parameters

The body mass index (BMI) was 27.4 (24.3;
30.1) kg/m® office systolic blood pressure (SBP-
office) was 150 (135; 162) mmHg, office dias-
tolic blood pressure (DBP-office) was 93 (86; 100)
mmHg, heart rate (HR) was 72 (66;79) bpm, cre-
atinine was 65.9 (58.2; 74) umol/L, PWV was 7.8
(7.1; 9.1) m/s, IMT was 0.6 (0.55; 0.75) mm, left
ventricular mass index (LVMI) was 132.2 (103.9;
144) g. UA concentration in the whole study group
positively correlated with: BMI, waist circumfer-
ence, BP and some HMOD parameters IMT, PWYV,
LVMI, left atrial dimension) and triglyceride level.
UA concentration in the study group negatively
correlated with HDL-C level. Among the metal-
loproteinases studied, only MMP-3 activity was
positively correlated with UA serum concentration

(Fig. 1, Table 1). In multivariate regression analy-
sis, after adjustment for age, BMI and serum lipids,
UA associated with higher MMP-3 activity (R2 =
= 0.11, beta = 0.332, p = 0.048) (Fig. 2) and PWV
(R2 = 0.33, beta = 0.230, p = 0.0004), thicker IMT
(R2 = 0.34, beta = 0.240, p = 0.04) and increased
LVMI (R2 = 0.11, beta = 0.232, p = 0.0004).

The activity of MMP-3 correlated, like the
concentration of UA, with the IMT (r = 0.292;
p = 0.002) and the LVMI (r = 0.273; p = 0.009).

In further analyses, both factors, MMP-3 and
UA serum activity together with waist circumfer-
ence, SBP and DBP obtained in 24-h ABPM and
serum lipids into the multivariate regression model
were used to evaluate their influence on selected
parameters of HMOD.

IMT value in this model was significantly posi-
tively associated with SBP and DBP (24-h mean
values in ABPM), UA serum concentration and
MMP-3 activity (R2 = 0.328, p < 0.002).

Only the SBP and DBP were significant deter-
minants of PWV (R2 = 0.25, p = 0.0047).

The same multivariate regression model was
not sufficient to explain LVMI variability in the
group (p > 0.05).

Differences in clinical profiles of hyper-
tensives with normo- or hyperuricemia

The hyperuricemic group consisted of 21
subjects (15 women, 6 men). The group with nor-
mouricaemia consisted of 88 subjects (40 women,
48 men).

Hypertensive patients with HU were charac-
terized by higher BMI and waist circumference in
comparison to patients without HU (Table 2).

In the HU group, higher SBP during daily ac-
tivity and higher SBP and DBP during night-time
were observed than in the normouricemic group
(Table 2).

The group with HU compared to the normour-
icemic group had lower HDL-C values and higher
triglyceride serum concentrations (Table 3).

Between-group differences in activity of se-
lected MMPs (-1, -2, -3 and -9) and TIMP-1 were
analyzed. Only for MMP-3 activity was a statisti-
cally significant difference obtained. Patients with
HU were characterized by higher activity of MMP-3
in relation to patients without HU (Table 3).

There were no significant differences in the
prevalence of diabetes or pre-diabetic conditions
between the group with HU and the normouricamic
group.

The comparison of HMOD parameters be-
tween the present groups showed a greater IMT
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Figure 1. A-D. The relationship between selected matrix metalloproteinase (MMP-1, -2, -3, and -9) and uric acid (UA)

concentration.

of the common carotid artery and larger left atrium
dimension in the M-mode parasternal long axis
view in the hyperuricemic group. Patients with HU
were also characterized by higher LVM, however,
this difference lost significance after indexing the
body surface (LVMI). There were no significant dif-
ferences between the groups examined in carotid-
femoral pulse wave velocity (Table 4).

Discussion

The relationship between elevated serum UA
level and arterial BP is well documented in the
literature. The analysis of the Framingham Study
population showed positive correlations between
SBP and DBP and UA [22]. The current study also
observed a positive correlation of UA concentration
with systolic and diastolic office BP values. A new
result in the present study was a higher BP at night
in patients with HU compared to normouricemic
patients.

908

Elevated UA serum level is often recognized
as an integral component of metabolic syndrome
[23, 24]. The metabolic syndrome, as defined by the
International Diabetes Federation in 2006, consists
of: increased triglycerides and reduced HDL-C serum
level, arterial hypertension, raised fasting plasma
glucose or previously diagnosed type 2 diabetes and
of course abdominal obesity [25]. The results the
study herein, showed a positive correlation of most
components of the metabolic syndrome with UA
serum concentration. The hyperuricemic group was
also characterized by: higher BMI, waist circumfer-
ence, triglyceride concentration and lower serum
HDL-C level. However, differences in the frequency
of diabetes and pre-diabetes between normouricemic
and hyperuricemic group were not observed.

The biochemical characteristics of the group
with HU and essential hypertension in the current
study was completed by higher MMP-3 activity
in comparison to patients without HU. MMP-3,
is a proteolytic enzyme playing a main role in the
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Table 1. The correlations of serum uric acid (UA)
concentration with selected variables.
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Selected variable Correlation P
coefficient (r)
with UA

BMI 0.376 < 0.001
Waist circumference 0.486 < 0.001
SBP office 0.104 0.308
DBP office 0.223 0.027
24-h SBP 0.247 0.025
24-h DBP 0.238 0.032
SBP day 0.189 0.051
DBP day 0.256 0.008
SBP night 0.259 0.008
DBP night 0.264 0.007
Central BP 0.235 0.016
IMT 0.241 0.012
PWV 0.203 0.037
Alx-c -0.237 0.015
HDL-C -0.261 0.006
Triglycerides 0.362 < 0.001
Creatinine 0.339 < 0.001
MMP-1 0.053 0.590
MMP-2 -0.18 0.063
MMP-3 0.339 < 0.001
MMP-9 -0.003 0.972
TIMP 0.051 0.605
LVMI 0.197 0.040
LVM 0.376 < 0.001
LA (PLAX) 0.487 < 0.001
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BMI — body mass index; SBP office — office systolic blood pres-

sure; DBP office — office diastolic blood pressure; 24-h SBP — 24-

-hour systolic blood pressure; 24-h DBP — 24-hour diastolic blood
pressure; SBP night — systolic nighttime blood pressure; DBP
night — diastolic nighttime blood pressure; SBP day — systolic
blood pressure during daily activity; DBP day — diastolic blood

pressure during daily activity; BP — blood pressure; ITM — intima-

—media thickness; PWV — pulse wave velocity; Alx-c — central

augmentation index; HDL-C — high density lipoprotein cholesterol;

MMP-1, -2, -3, -9 — matrix metalloproteinase 1, 2, 3, 9; TIMP —

tissue inhibitor of metalloproteinases; LVMI — left ventricular mass

index; LVM — left ventricular mass, LA — left atrium dimension in

PLAX presentation

activation of other MMPs. The cascade of MMPs
is responsible for the degradation of collagen and
other fibrile proteins, leading to the remodeling
of vascular wall, formation and destabilization of
atherosclerotic plaque [26, 27].

In many diseases, MMPs are over-expressed
and their over-activity leads to pathological heart
and vessel remodeling, and the development of
cardiovascular diseases [7, 28]. Increased activity
of MMP-1, -2, -3 and -9 might also be associated

Figure 2. Association between matrix metalloproteinase 3
(MMP-3) and uric acid (UA) serum levels after adjust-
ment to: age, waist circumference, total cholesterol, low
density lipoprotein cholesterol, high density lipoprotein
cholesterol and triglycerides serum concentration. Uric
acid = 0.278 x MMP-3 + 259.9.

with a higher risk of death independently of other
typical cardiovascular risk factors [29].

The most important result of the present
study is a strong, independent association between
increased activity of MMP-3 UA serum concentra-
tion in patients with mild to moderate essential
arterial hypertension. The data about the associa-
tion of MMP-3 activity and UA concentration in the
literature is limited and includes subjects with in-
flammatory diseases. Increased activity of MMP-3
has been reported in gout and acute arthritis [30,
31]. In patients with lupus erythematosus a positive
correlation of plasma MMP-3 and UA concentration
was observed. The latter is similar to present results
obtained in patients with essential arterial hyperten-
sion free of acute or chronic inflammatory diseases
[32]. A positive relationship between plasma activity
of collagenase-2 (MMP-2) and UA concentration
in men with coronary artery disease was reported
[33, 34]. Tan et al. [35] showed that higher activity
of MMP-9 coexists with higher concentrations of
UA and higher IMT. In opposition to the above-
mentioned results in an experimental animal study
performed in rats showed that UA-induced inflam-
mation led to a decrease in MMP-9 activity [36].
Similarly, UA administration during acute phase of
ischemic stroke decreased the activity of proinflam-
matory MMP-9 [37]. In the present study MMP-2
and MMP-9 activity did not show a significant as-
sociation with UA level or HMOD parameters.
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Table 2. Groups characteristics. Anthropometric and clinical data.

Selected variable Hyperuricemic group Normouricemic group P
(n = 21) (n = 88) (the Mann-Whitney U test)

Age [years] 52 (43; 60) 54 (42; 61) 0.030
Sex (no. of females) 15 (71.4%) 40 (45.5%) 0.803
Weight [kg] 88 (84; 95) 75 (65; 86) < 0.001
Haight [cm] 172 (170; 176) 169 (162; 176) 0.1477
BMI [kg/m?] 30.08 (28.4; 33.53) 26.8 (23.85; 29;48) < 0.001
Waist circumference [cm] 99 (92;106) 90 (81; 97) < 0.001
Heart rate [bpm] 70 (64; 75) 72 (67; 80) 0.203
SBP office [mmHg] 155 (140; 178) 150 (135; 161) 0.176
DBP office [mmHg] 94 (90; 109) 92 (85; 99) 0.073
24h SBP [mmHg] 134 (123; 138) 128 (120; 132) 0.070
24h DBP [mmHg] 82 (76; 87) 77 (72; 84) 0.118
SBP day [mmHg] 136 (125; 140) 126 (119; 133) 0.015
DBP day [mmHg] 83 (77; 89) 80 (74; 85) 0.092
SBP night [mmHg] 119 (112; 129) 114 (107; 121) 0.016
DBP night [mmHg] 73 (67; 77) 68 (62; 73) 0.022

Values presented as medians (interquartiles ranges) or numbers (part of the group in %). Abbreviations — see Table 1.

Table 3. Group characteristics. Biochemical blood tests.

Selected variable Hyperuricemic group Normouricemic group P
(n = 21) (n = 88) (the Mann-Whitney U test)

Uric acid [umol/L] 449 (416; 487) 268 (235; 324) < 0.001
MMP-1 [ng/mL] 3.51 (2.13; 8.64) 3.43 (1.99; 5.76) 0.350
MMP-2 [ng/mL] 203.8 (186.2; 218.8) 214.7 (189; 239.4) 0.233
MMP-3 [ng/mL] 19.41 (14.45; 21.74) 13.98 (9.52; 18.97) 0.016
MMP-9 [ng/mL] 350.1 (245.1; 432.3) 335.6 (209.9; 442.9) 0.417
TIMP [ng/mL] 92.9 (81.2; 106.8) 86.8 (80; 101.3) 0.335
Creatinine [umol/L] 68.9 (64.2; 78.9) 65.15 (57.65; 72.55) 0.027
Urea [mmol/L] 6.1 (5.2; 6.8) 5.5 (4.55; 6.3) 0.0739
Total cholesterol [mmol/L] 5.43 (4.87; 5.99) 5.27 (4.57; 6.08) 0.563
LDL-C [mmol/L] 3(2.71; 3.86) 3.21 (2.44; 3.75) 0.482
HDL-C [mmol/L] 1.17 (1.09; 1.5) 1.44 (1.19; 1.7) 0.029
Triglycerides [mmol/L] 1.56 (1.16; 2.18) 1.2 (0.94; 1.57) 0.018

Values presented as medians (interquartiles ranges). LDL-C — low density lipoprotein cholesterol; other abbreviations — see Table 1.

Lien et al. [38] studied various plasma met-
alloproteinase activity in atherosclerosis. Only
increased MMP-3 activity showed a significant
relationship with the degree of atherosclerosis in
the carotid arteries. A similar result was obtained
in our study. The severity of atherosclerosis in
carotid arteries evaluated by IMT was related to
UA and MMP-3 concentrations. Kawamoto et al.
[39] showed that UA in men may increase carotid

atherosclerosis independent of other factors. The
authors concluded that people with hypertension
and hyperuricemia are characterized by greater IMT
than hypertensive patients without HU. Increased
IMT in this study correlated with UA concentration
independently of the BP level. Hyperuricemia may
also negatively affect other HMOD indicators [40].

In a population of more than 4,000 healthy par-
ticipants selected from the Generation 3 Framing-
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Table 4. Selected hypertension-mediated organ damage (HMOD).

Selected HMOD

Hyperuricemic group Normouricemic group

P

(n = 21) (n = 88) (the Mann-Whitney U test)
LVMI [g/m?] 129.32 (114.72; 156.53)  123.1 (102.03; 138.93) 0.145
LVM [g] 268.62 (220.77; 331.19)  226.41 (185.76; 261.6) 0.006
LA (PLAX) [mm] 45 (42; 46) 40 (36; 43) < 0.001
IMT [mm] 0.65 (0.6; 0.8) 0.6 (0.5; 0.75) 0.038
PWV [m/s] 8.4 (7.4; 8.9) 7.7 (7.1; 9.2) 0.258
c-Alx [%] 24 (14; 29) 25 (14; 33) 0.524
eGFR [mL/min/1.73 m?] 95 (82; 109) 97.5 (86; 108) 0.514
Values presented as medians (interquartiles ranges). LVMI — left ventricular mass index; LVM — left ventricular mass; LA — left atrium

dimension in PLAX presentation; IMT — intima—-media thickness; PWV — pulse wave velocity, c-Alx — central augmentation index;

eGFR — estimated glomerular filtration rate

ham cohort, an independent positive relationship
between UA level and carotid-femoral PWV was
proved [41]. In a much smaller study, carried out
with a group of 222 subjects with essential hyper-
tension, a positive correlation of PWV with UA in
hypertensive patients was also observed [42]. In
the current study, the group of patients with es-
sential hypertension showed a positive correlation
of arterial stiffness (evaluated by carotid-femoral
PWYV) with UA concentration.

There are existing reports in the literature
indicating that UA serum concentration is associ-
ated with decreased left ventricular function and
left ventricle hypertrophy [43, 44]. In the patients
of this study a positive correlation was observed
between UA and LVMI and UA and the left atrium
dimension. Similar results have been described by
Tavil et al. [45]. The current study also performed
a multivariate regression analysis of the simul-
taneous effect of UA and MMP-3 concentrations
on the other HMODs. Analysis for LVMI did not
show statistical significance. In the case of PWYV,
BP values played the main role, and the effects of
UA and MMP-3 were not significant.

Based on these results and data from the litera-
ture, it was suspected that among different indica-
tors of HMOD (except for) hypertension there are
big differences in factors determining their devel-
opment and advancement. IMT is the HMOD most
closely reflecting atherosclerosis; in the present
study it was associated with proinflammatory factors
like UA concentration and MMP-3 activity. Results
obtained herein may support the thesis that UA and
increased by UA activity of MMPs may take part in
the development of HMOD, especially IMT. These
results are consistent with the inflammatory and
free radicals hypothesis of UA side effects.

However UA may play both pro- and anti-
oxidative roles, depending on its concentration,
solubility and place of action (plasma or cells) [46],
free radicals formed in various mechanisms in hy-
peruricemia [47] have a great potential to activate
various inflammatory mechanisms, including the
activation of metalloproteinases cascade [48].

Conclusions

In patients with primary arterial hypertension UA
concentration is associated with higher MMP-3 serum
activity and selected hypertension-mediated organ
damage advancement, especially carotid IMT. Patients
with HU and arterial hypertension are characterized
by a symptom cluster typical for metabolic syndrome
and more advanced structural changes in the heart and
vessels as well as higher activity of MMP-3.
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Could autonomic nervous system parameters
be still helpful in identifying patients with
left ventricular systolic dysfunction at
the highest risk of all-cause mortality?
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Abstract

Background: Autonomic imbalance is associated with poor prognosis of patients with systolic dys-
Sfunction. Most of the previous data were written several years ago and constituted to cardiovascular
or arrhythmic mortality. The current treatment of these patients has improved substantially over the
last decades, and thus, the population at risk of death may have altered as well. Consequently, data on
high-risk patients with systolic dysfunction in the modern era are sparse and those from previous trials
may no longer be applicable. The aim herein, was to verify whether well-known autonomic indices —
baroreflex sensitivity (BRS) and heart rvate variability (HRV) — remain accurate predictors of mortality
n patients with systolic dysfunction.

Methods: Non-invasively obtained BRS and HRV were analyzed in 205 clinically stable patients with
left ventricular ejection fraction (LVEF) < 40%. 28 patients died within 28 + 9 month follow-up.
Results: Baroreflex sensitivity, low-frequency (LF) in normalized units, LF to high-frequency ratio and
standard deviation of average R-R intervals were significantly associated with mortality; cut-off values
of the highest discriminatory power for abovementioned parameters were < 3.0 ms/mmHg, <41, < 0.7
and < 25 ms, respectively. In bivariate Cox analyses (adjusted for LVEE New York Heart Association
[NYHA] or absence of implantable cardioverter-defibrillator [ICD]) autonomic indices remain signifi-
cant predictors of death.

Conclusions: Baroreflex sensitivity and HRV — may still be helpful in identifying patients with left
ventricular systolic dysfunction at the highest risk of all-cause mortality, independently of LVEE, NYHA

class, and ICD implantation. (Cardiol ] 2021; 28, 6: 914-922)
Key words: baroreflex sensitivity, heart rate variability, all-cause mortality,

left ventricular dysfunction

Introduction

Heart failure (HF) is a constantly growing
global pandemic, and according to the most recent
data may affect between 26 and almost 38 million
people worldwide [1, 2]. Future forecasts are

even more alarming, in the United States alone,
morbidity due to HF is projected to increase from
current 5.7 million to almost 8 million by 2030 [3].
Despite continuous progress in pharmacotherapy
[4, 5], widespread use of implantable cardioverter-
defibrillators (ICD) and resynchronization therapy,
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all-cause mortality among patients with HF re-
mains high [6, 7]. Persons with significant left
ventricular (LV) systolic dysfunction (LV ejection
fraction [LVEF] < 40%) have the worst prognosis
of all patients with HF [8], therefore, further evalu-
ation, risk stratification and new therapy options
for these patients remains of important clinical
value. Novel treatment methods, based on auto-
nomic nervous system (ANS) modulation [9-12],
seem to be particularly promising in this context,
as these treatments were shown to contribute to
better quality of life and exercise capacity i.e.,
improvement of the New York Heart Association
(NYHA) functional class and longer 6-minute walk-
ing distance. However, these beneficial effects
were not associated with a decrease in all-cause
mortality [9-14]. Possibly an appropriate selection
of these patients, taking into account the initial
ANS parameters that reveal the patients at the
highest risk of all-cause mortality, could improve
the results of these therapies. The majority of
previous studies dealing with the ANS testing
in HF constituted cardiovascular and arrhythmic
mortality, and were conducted several years ago
when both pharmacotherapy and electrotherapy
differed substantially from those presently used
[15-26]. The treatment of such individuals with HF
has improved substantially over the last decades,
and thus, the patient population at risk of death may
have been altered as well. As a result, available data
on high-risk patients with systolic dysfunction in
the modern era are sparse and data from previous
trials may no longer be applicable.

The aim of the present study was to verify
whether simple, non-invasive autonomic parameters,
such as baroreflex sensitivity (BRS) and short-term
heart rate variability (HRV), could be valuable predic-
tors of all-cause mortality in patients with significant
LV systolic dysfunction, and to identify the most ac-
curate cut-off values for these parameters.

Methods

Patient selection

In this prospective study, 205 patients with
reduced LVEF (< 40%) were enrolled between
October 2009 and June 2014. The protocol of the
study was approved by the local Ethics Com-
mittee at the Medical University of Gdansk, and
written informed consent was obtained from all
participants. Additional inclusion criteria: sinus
rhythm, optimal pharmacological therapy, stable
clinical condition for at least 3 months before
enrollment, and without significant features of

hypervolemia at the moment of enrollment. The
patients were excluded if they were younger than
18 years old had: a history of sustained ventricular
arrhythmia (ventricular tachycardia or ventricular
fibrillation) or cardiac arrest, NYHA functional
class IV, permanent atrial fibrillation/flutter, per-
manent second- or third-degree atrioventricular
block, implanted pacemaker, clinical features of
coronary instability at the moment of enrolment,
a revascularization (coronary angioplasty or/and
surgery by-pass) within 3 months prior to the
study, or incomplete coronary revascularization
status (scheduled control coronarography, coronary
angioplasty or surgery by-pass), clinical evidence
of autonomic neuropathy, concomitant terminal
disease and non-cardiologic comorbidities with
a potentially unfavorable effect on survival.

ANS parameters

Autonomic nervous system tests were per-
formed according to the protocol precisely de-
scribed in our previous studies [27, 28] with the
use of Mingograf 720C for ECG and Finapres 2300
(Ohmeda) for beat-to-beat non-invasive arterial
blood pressure, which was recorded continuously
for 8 min, but in comparison to abovementioned
studies [27, 28] during breathing with a controlled
interval (0.25 Hz). Data received were converted
from analog to digital signals, processed with dedi-
cated software [29] and analyzed according to the
protocol [15, 30]. BRS (ms/mmHg) was computed
by spectral analysis exactly as it was previously
described [27, 28]. Furthermore, routine HRV
indices: low-frequency (LF) to high-frequency
(HF) ratio (LF/HF), relative spectral powers in LF
(LFnu expressed in normalized units), as well as
time-domain HRV parameters (standard deviation of
normal-to-normal RR intervals [SDNN], the square
root of the mean of squared differences between
successive intervals [RMSSD], and the percent-
age of adjacent RR intervals differing by more than
50 ms [pNN50]) were analyzed [16].

Follow-up

All patients were followed-up at the univer-
sity outpatient clinic with the first visit scheduled
within 3 months of enrolment; the patients were
checked every 6 months thereafter, or earlier
if clinically required. During each visit, patient
clinical status was evaluated and all adverse events
were recorded, if any. The primary endpoint of the
study was death of any cause. All deaths were veri-
fied against medical documentation of the patient
and/or death certificate information.
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Statistical analysis

The variables were expressed as medians
(Q25-Q75 intervals), or numbers (n) and percent-
ages (%). Comparisons between dead and living
patients were made by the U Mann-Whitney test,
the y* test or the Yates y* test. The accuracy of
analyzed parameters as potential predictors of the
study end-point was determined by area (AUC)
under the receiver-operating characteristic (ROC)
curve. An association between analyzed param-
eters and the end-point was assessed using the
Cox hazard models, after the dichotomization of
the measurements according to their cut-off values
that maximized the hazard ratio (HR). For this pur-
pose, HR for progressively increasing appropriate
values were comprised between the 20" and 50"
percentiles (to have an adequate number of patients
in each subgroup) was calculated and the point at
which HR attained its maximum was identified. The
time course of the end-point, stratified according to
the aforementioned cut-off values, was estimated
using the Kaplan-Meier method, and the associa-
tion between compared groups was estimated by
the log-rank test. All results were considered
statistically significant at p < 0.05. The statistical
analysis was conducted with R 2.15.2 environment.

Results

Demographic, clinical and autonomic data of
the group studied is presented in Table 1. Patients
were approximately 63 years old, most patients had
coronary artery disease and were in NYHA II class.
Those with an ICD (including devices with cardiac
resynchronization function) were approximately
70% of the patients. 29 (14%) patients had LVEF
> 35%, and 36 (17%) patients were in NYHA I
class. Pharmacotherapy in both groups did not dif-
fer statistically. The average follow-up period was
28 + 9 months, during which 28 (14%) patients
died, and they were characterized by significantly
lower LVEF, more often presented with NYHA
class III and digoxin use and less had an ICD im-
plantation. SDNN, LFnu, LF/HF and BRS were
significantly lower in patients who died in com-
parison to other, living patients.

Predictors of all-cause mortality

Baroreflex sensitivity was the best predictor
of all-cause mortality in the studied patients (AUC
72.0% [95% CI 61.2-82.2]), whereas other auto-
nomic parameters and LVEF had lower discrimi-
natory powers: AUC 67.5 [95% CI 56.8-78.2] for
SDNN, AUC 68.8% [95% CI 60.7-76.9] for LFnu,

AUC 69.0 [95% CI 60.8-77.1] for LF/HF and AUC
67.9% [95% CI 56.8-79.1] for LVEF. The Cox-
-hazard regression analyses revealed that cut-off
values maximally identifying patients at increased
risk of death were 3.0 ms/mmHg for BRS, 41 for
LFnu, 0.7 for LF/HE, 25 ms for SDNN and 25% for
LVEFE All these values, as well as NYHA class III,
were significantly associated with the incidence of
the end-point in univariate Cox analyses (Fig. 1).

The absence of ICD implantation was also
a strong indicator risk of death (HR 3.21 [95% CI
1.53-6.75], p < 0.002). Accuracy of the above-
mentioned cut-off values of BRS, LFnu, LF/HE,
SDNN and LVEF in predicting the risk of death
is presented in Table 2 — it was noted BRS
< 3.0 ms/mmHg had the highest power in predic-
tion of all-cause mortality in the patients studied.
No other parameters from Table 1 were significant
in predicting all-cause mortality in the Cox hazard
regression analyses.

Kaplan-Meier curves illustrate the probability
of all-cause mortality after dichotomization accord-
ing to cut-off values BRS (Fig. 2), SDNN (Fig. 3),
LFnu (Fig. 4) and LF/HF (Fig. 5).

Due to a relatively small number of end-points,
the maximum number of predictors that could be
used in a multivariate model without the risk of its
overfitting was 2. Therefore, bivariate combinations
of LVEE, NYHA III and ICD presence with above-
mentioned cut-off values for analyzed autonomic
parameters were checked: BRS, SDNN, LFnu, and
LF/HF turned-out to be independent significant
predictors of the all-cause mortality (Table 3).

Discussion

The observation that decreased values of BRS,
SDNN, LFnu and LF/HF are accurate predictors of
all-cause mortality in clinically stable patients with
reduced LVEE even after adjusting for other well-
known clinical parameters (such as LVEF, NYHA
class, ICD implantation) is the principal finding of the
present study. The cut-off values determined in this
study (BRS < 3.0 ms/mmHg, SDNN < 25 ms, LFnu
<41 and LF/HF < 0.7) accurately identified patients
who were at increased risk of all-cause mortality dur-
ing an average 2-year follow-up period. The novelty of
the present study can be found in the demonstration
that in the group of HF patients treated according to
the current guidelines, in the era of widespread use
of electrotherapy with ICD, the simple, non-invasive
autonomic indices obtained from short-term systolic
arterial pressure and electrocardiography signals are
still accurate predictors of all-cause mortality.
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Table 1. Clinical and demographic characteristics of the studied patients.

All Dead patients Alive patients P*
(n = 205) (n = 28) (n = 177)
Age [years] 63 (57-71) 64 (56-71) 61 (57-71) 0.442
Male 175 (85%) 25 (89%) 150 (85%) 0.771
CAD history 128 (62%) 16 (57 %) 112 (63%) 0.532
Revascularization 129 (63%) 17 (61%) 113 (64%) 0.843
LVEF [%] 30 (25-35) 25 (20-33) 30 (25-35) < 0.032
QRS > 120 ms 130 (63%) 18 (64%) 112 (63%) 1.000
NYHA class: < 0.041

| 36 (17%) 2 (7%) 34 (19%)

Il 130 (63%) 16 (57 %) 114 (64%)

I 39 (19%) 10 (36%) 29 (16%)
Beta-adrenolytics 197 (96%) 28 (100%) 169 (95%) 0.602
ACEI, ARB 193 (94%) 26 (93%) 167 (94%) 0.668
Spironolactone, eplerenone 115 (56%) 16 (57%) 99 (56%) 1.000
Antiplatelet therapy 159 (78%) 22 (79%) 137 (78%) 1.000
Amiodarone 21 (10%) 4 (14%) 17 (10%) 0.502
Statins 163 (80%) 20 (71%) 143 (81%) 0.309
Digoxin 11 (5%) 4 (14%) 7 (4%) < 0.047
Diuretics 110 (54%) 20 (71%) 90 (51%) 0.072
Arterial hypertension 120 (59%) 11 (39%) 109 (62%) < 0.038
Diabetes 51 (25%) 6 (21%) 45 (25%) 0.821
Renal function 0.092
GFR > 60 mL/min/1.73 m? 154 (75%) 19 (68%) 135 (76%)

GFR 30-59 mL/min/1.73 m? 44 (21%) 6 (21%) 38 (21%)

GFR < 30 mL/min/1.73 m? 7 (3%) 3 (11%) 4 (2%)
Hypercholesterolemia 114 (56%) 15 (54%) 99 (56%) 0.836
ICD 145 (71%) 14 (50%) 131 (77%) < 0.012
Autonomic parameters

Mean HP [ms] 1040 (966-1133) 996 (929-1122) 1050 (969-1133) 0.071
SDNN [ms] 25.8 (16.6-36.5) 15.0 (12.2-24.4) 27.2 (18.2-38.0) < 0.012
RMSSD [ms] 21.0 (13.2-34.0) 16.9 (9.0-26.8) 21.3 (13.6-36.0) 0.063
pNN50 [%] 1.84 (0-11.58) 0.78 (0-5.24) 2.31 (0-13.38) 0.088
LFnu 32.15 (15.35-52.7) 17.95 (11.27 -28.6) 35.8 (17.88-57.5) < 0.009
LF/HF 0.48 (0.19-1.12) 0.22 (0.12-0.40) 0.58 (0.23-1.38) < 0.008
BRS [ms/mmHg] 3.89 (2.24-6.55) 2.28 (1.561-3) 4.66 (2.74-7.98) < 0.015

*P value for comparison between patients who died and alive patients. CAD — coronary artery disease; LVEF — left ventricular ejection frac-

tion; NYHA — New York Heart Association; ACEl — angiotensin converting enzyme inhibitors; ARB — angiotensin receptor blockers GFR

— glomerular filtration rate; ICD — implantable cardioverter-defibrillator; HP — heart period; SDNN — standard deviation of the average R-R
intervals of the sinus rhythm; RMSSD — square root of the mean squared difference of successive R-R intervals; pNN50 — proportion of suc-
cessive R-R intervals that differ by more than 50 ms; LFnu — spectral power in low-frequency range expressed in normalized units; LF/HF —

LF to HF ratio; BRS — baroreflex sensitivity

In two recent studies [27, 28], the useful-
ness of BRS and short-term HRV in prognosis,
an increased risk of hospitalization due to HF
decompensation [27], and identification of
low-arrhythmic risk patients [28] was discov-
ered. It needs to be noted, that cut-off values
for BRS established in the abovementioned

[27, 28], and other studies [15, 16, 31-33],
are similar, at well-known 3.0 ms/mmHg cut-off
on BRS estimates, which presents, according
to Gouveia et al. [32], a natural partition of HF
patients at risk.

Noticeably, the present study showed that
BRS and short-term HRV were independent
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EVENT Hazard ratio  95% ClI P
LVEF [%] " 0.93 0.89-0.98 < 0.007
LVEF<25% | -=— 0.36 0.17-0.75 < 0.007
NYHA I 2.40 1.11-5.21 < 0.027
LFnu " 0.96 0.94-0.99 < 0.004
LFnus41 =——o0 0.15 0.04-0.67 < 0.012
LF/HF {-=—— 0.22 0.06-0.80 < 0.021
LF/HF<0.7 |=——o0 0.15 0.04-0.66 < 0.012
SDNN [ms] " 0.95 091-0.99 < 0.022
SDNN<25ms |-=—0 0.25 0.09-0.70 < 0.008
BRS [ms/mmHg] - 0.72 0.57-0.91 < 0.005
BRS < 3.0 ms/mmHg {-=— 0.19 0.07-0.51 < 0.001
T T T T T T T T T
00 06 12 18 24 3.0 36 42 48 54

Figure 1. The Cox hazard regression analysis for pre-specified cut-off values of analyzed parameters as predictors of
all-cause mortality during follow-up period; Cl — confidence interval; LVEF — left ventricular ejection fraction; NYHA
— New York Heart Association functional class; LFnu — spectral power in low-frequency range expressed in normal-
ized units; LF/HF — low-frequency to high-frequency ratio; SDNN — standard deviation of average R-R intervals of

sinus rhythm; BRS — baroreflex sensitivity.

Table 2. Prognostic accuracy of the cut-off values of BRS, LFnu, LF/HF, SDNN, LVEF and NYHA Ill as

predictors of death.

Parameters AUC (%) Characteristics (%) Predictive value (%)
(95% CI) (95% CI)
Sensitivity Specificity Positive Negative
LVEF < 25% 62.4 53.57 71.19 22.73 90.65
(35.81-70.47) (64.12-77.35) (14.29-34.17) (84.66-94.45)
NYHA 1lI 60.0 47.71 83.62 25.64 89.16
(20.71-54.17)  (77.46-88.34)  (14.57-41.08)  (83.51-93.03)
BRS < 3.0 ms/mmHg 72.0 76.19 67.80 29.63 94.12
(54.91-89.37) (58.92-75.55) (19.14-42.83) (86.96-97.46)
SDNN < 25 ms 67.5 75.00 60.00 23.81 93.51
(53.13-88.81) (51.06-68.32) (14.99-35.64) (85.68-97.19)
LFnu <41 68.8 90.00 47.50 22.22 96.61
(69.90-97.21) (38.78-56.37) (14.54-32.42) (88.46-99.07)
LF/HF < 0.7 69.0 90.00 47.90 22.50 96.61
(69.90-97.21) (39.13-56.80) (14.73-32.79) (88.46-99.07)

AUC — area under the receiver-operating characteristic (ROC) curve; Cl — confidence interval; LVEF — left ventricular ejection fraction; NYHA
— New York Heart Association functional class; BRS — baroreflex sensitivity; SDNN — standard deviation of the average R-R intervals of the
sinus rhythm; LFnu — spectral power in low-frequency range expressed in normalized units; LF/HF — low-frequency to high-frequency ratio

risk factors of death regardless of LVEF and
NYHA class, and, even more importantly, ir-
respective of ICD use, which can be considered
a particularly important and novel finding. In the
light of current discussions in the literature on
the validity of ICD implantation in all patients
with LV systolic dysfunction [34, 35], as well
as in light of new methods of treatment of HF
patients based on ANS modulation, the analyses
presented in this paper seem to be of particular
clinical significance.

918

In comparison to two recent studies [27, 28],
in the present paper, BRS and HRV estimation
were performed during breathing with a controlled
interval (0.25 Hz), which is well-known methodo-
logical modification allowing the exclusion of the
breathing rate influences on spontaneous BRS and
HRV parameters in HF patients [36, 37].

Limitations of the study
There are potential limitations in the present
study. Firstly, this was a small, single-center study,
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Figure 2. Kaplan-Meier curves illustrating the probability of the EVENT during the follow-up period depending on pre-
specified cut-off values for baroreflex sensitivity (BRS).
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Figure 3. Kaplan-Meier curves illustrating the probability of the EVENT during follow-up period depending on pre-

specified cut-off values for standard deviation of the average R-R intervals of the sinus rhythm (SDNN).
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Figure 4. Kaplan-Meier curves illustrating the probability of the EVENT during follow-up period depending on pre-

specified cut-off values for spectral power in low-frequency range expressed in normalized units (LFnu).
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Figure 5. Kaplan-Meier curves illustrating the probability of the EVENT during follow-up period depending on pre-
specified cut-off values for low-frequency to high-frequency ratio (LF/HF).

Table 3. Bivariate Cox models for EVENTs for BRS and HRV indexes during follow-up period (adjusted

to LVEF, NYHA I, or presence of ICD).

Hazard ratio 95% ClI P
LVEF-adjusted HR for BRS < 3.0 ms/mmHg 6.52 2.36-17.96 < 0.0001
LVEF-adjusted HR for SDNN < 25 ms 3.68 1.32-10.25 < 0.013
LVEF-adjusted HR for LF/HF < 0.7 6.18 1.43-26.73 < 0.015
LVEF-adjusted HR for LFnu < 41 6.12 1.42-26.50 < 0.015
NYHA lll-adjusted HR for BRS < 3.0 ms/mmHg 5.24 1.92-14.36 < 0.001
NYHA lll-adjusted HR for SDNN < 25 ms 3.77 1.37-10.40 < 0.010
NYHA lll-adjusted HR for LF/HF < 0.7 5.67 1.29-24.81 < 0.021
NYHA lll-adjusted HR for LFnu < 41 5.61 1.28-24.57 < 0.022
ICD-adjusted HR for BRS < 3.0 ms/mmHg 5.48 2.01-14.99 < 0.0001
ICD-adjusted HR for SDNN < 25 ms 3.88 1.41-10.70 < 0.009
ICD-adjusted HR for LF/HF < 0.7 6.56 1.52-28.33 < 0.012
ICD-adjusted HR for LFnu < 41 6.52 1.51-28.15 < 0.012

Cl — confidence interval; LVEF — left ventricular ejection fraction; BRS — baroreflex sensitivity; SDNN — standard deviation of the average
R-R intervals of sinus rhythm; LFnu — relative spectral power in LF range, expressed in normalized units; LF/HF — low-frequency to high-
frequency ratio; NYHA — New York Heart Association functional class; ICD — implantable cardioverter-defibrillator

with a relatively short follow-up period; the results
need to be confirmed in a larger group of patients
with a longer observation periods. Secondly, some
patients, apart from the fact that they were clinical-
ly stable, were not optimally treated concerning the
three groups of drugs (ACEI/ARB, BB and MRA):
some of them due to the significant contraindica-
tions or intolerance symptoms, another reason
could be connected with the period of enrollment,
which took place a few years ago and since then
there has been further progress in pharmacologi-

cal treatment of patients with HE. Additionally, the
authors did not analyse the influence of diuretics
doses on mortality. The next limitation concerns
BRS and HRV indices, which were not possible
to measure in the patients with permanent atrial
fibrillation/flutter, permanent second- or third-
degree atrioventricular block, and persons with
paced rhythm; these patients are at the high risk of
death, therefore further investigations concerning
the prognosis of all-cause mortality amongst all
HF patients with reduced LVEF are still needed.
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Conclusions

The results of the present study suggest that

simple, non-invasively obtained parameters of ANS
activity, such as BRS and short-term HRV (SDNN,
LFnu and LF/HF), remains helpful in the identifi-
cation of persons with increased risk of all-cause
mortality amongst clinically stable patients with
LV systolic dysfunction treated in line to current
guidelines, even after adjusting for other basic
clinical parameters, such as LVEE, NYHA class,
and ICD implantation.
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Abstract

Background: Many patients with stable coronary artery disease (CAD) have no visual segmental wall
motion abnormalities and a left ventricular (LV) ejection fraction (LVEF) > 50% at rest despite sig-
nificant coronary artery stenosis. Here, the aim was to determine the impact of percutaneous coronary
intervention (PCI) on LV function assessed by enhanced echocardiography in patients with stable CAD
with or without diabetes mellitus type 2 and a preserved LVEE

Methods: Sixty-six consecutive patients with CAD and LVEF > 50%, admitted to the hospital for
planned coronary angiography, were prospectively assessed. PCI was performed for coronary artery ste-
nosis > 70%. CAD extent was assessed using SYNTAX and EXTENT scores. To assess LV function,
LVEFE global longitudinal strain (GLS), and LV peak systolic myocardial velocity (S’) were measured
and Tei index was calculated before and 3 months after PCI.

Results: Before PCI, LVEE GLS, and Tei index were significantly worse in diabetic patients. LV
Sfunctional indices improved significantly after PCI in all patients (p < 0.001). Multivariate linear
regression analyses were performed to evaluate the impact of selected factors on LV function after PCI
expressed as changes (A) of LVEFE, GLS, S’, and Tei index. LV function improvement expressed as
AGLS was associated only with SYNTAX score. Higher SYNTAX scores were related to greater GLS
improvement (f = 0.003, 95% confidence interval: 0.0004—0.005; p = 0.02).

Conclusions: Percutaneous coronary intervention significantly improved LV function in diabetic and
non-diabetic CAD patients with preserved LVEFE Enhanced echocardiography allowed an assessment
of subtle changes in LV function. (Cardiol ] 2021; 28, 6: 923-931)

Key words: coronary artery disease, left ventricular function, percutaneous coronary
intervention, echocardiography, diabetes mellitus

Introduction tion resulting in the development of heart failure

[1]. Percutaneous coronary intervention (PCI) is

Stable coronary artery disease (CAD) is one a widely used invasive treatment for CAD that

of the most common cardiovascular diseases. eliminates symptoms, improves LV function and
Acute and chronic myocardial ischemia leads to quality of life, and, in selected groups of patients,
systolic and diastolic left ventricular (LV) dysfunc- reduces the incidence of death [2, 3]. However,
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an optimal revascularization strategy for patients
with diabetes mellitus type 2 (DM) remains under
discussion [4, 5]. Most patients with stable CAD
have no visual segmental wall motion abnormali-
ties and an LV ejection fraction (LVEF) > 50% at
rest despite significant coronary artery stenosis.
Limited data are available concerning the effects
of elective PCI on LV function in patients with sta-
ble CAD (especially in diabetic patients), without
myocardial infarction (MI), and with preserved
LVEF The value of single echocardiographic pa-
rameters in the assessment of LV function before
and after PCI has been analyzed [6-9]. Standard
echocardiography with an LVEF assessment does
not reflect all aspects of LV systolic function. The
use of advanced echocardiographic techniques
including tissue Doppler echocardiography and LV
strain measurement (e.g. global longitudinal strain
[GLS]) enables the demonstration of LV systolic
dysfunction despite preserved LVEF. Information
obtained through advanced echocardiography may
allow clinicians to decide whether to perform PCI
in stable CAD patients with preserved LVEF and
comorbid DM. The study aims were to determine
the impact of PCI on LV function assessed by en-
hanced echocardiography in patients with stable
CAD and preserved LVEF and evaluate the impact
of DM on LV systolic function in patients with CAD
before and after PCIL.

Methods

Study population

Two hundred and fourteen consecutive patients
were prospectively selected with symptomatic
CAD without acute coronary syndrome in whom
coronary angiography and PCI were performed.
Patients with prior MI, symptomatic heart failure,
segmental LV wall motion abnormalities, an LVEF
< 50%, arrhythmias, or poor acoustic windows
were excluded from the study. To exclude acute is-
chemia, electrocardiography was performed in each
patient prior to coronary angiography and compared
with previous electrocardiograms (ECG). Patients
were referred for coronary angiography by treating
physicians and then qualified for PCI according to
the European Society of Cardiology Guidelines
for CAD [2]. All patients included in our study
complained of cardiac ischemic pains (CCS I-III).
Myocardial ischemia was confirmed by resting
ECG (chronic ST-changes) or ambulatory ECG
(Holter) monitoring (myocardial ischemia during
normal activities) and/or treadmill exercise test-
ing (ST-segment abnormality). Diagnostic tests

were conducted in 40 patients (21 CAD patients,
19 diabetic CAD patients).

Percutaneous coronary intervention was con-
sidered successful when Thrombolysis in Myo-
cardial Infarction (TIMI) grade 3 flow and residual
stenosis < 20% were achieved [10]. The decision
concerning PCI and use of coronary stents was left
to the treating cardiologists. Coronary angiography
was recorded in digital form and assessed for ongo-
ing study by an independent invasive cardiologist
blinded to the patient history and ECG and echo-
cardiographic data. CAD extent was assessed using
SYNTAX [11] and EXTENT [12] scores.

N-terminal pro B-type natriuretic peptide,
fasting blood glucose, creatinine, lipids, glycated
hemoglobin concentrations, and glomerular filtra-
tion rate were assessed before the angiography was
performed. To exclude DM, glucose tolerance tests
were performed in patients without DM.

Echocardiography

Two-dimensional echocardiography with LV
systolic and diastolic function assessments were
performed. The first echocardiographic examina-
tion was performed before PCI (< 12 h) in all
patients who qualified for the study. The second
echocardiographic examination was performed in
all patients included in the study 3 months after
the last PCI. Echocardiography was performed in
the standard parasternal and apical views using
a VIVID 9 (GE Medical System, Horten, Norway;
1.7-3.3-MHz transducer) and VIVID 4 (GE Medi-
cal System, Haifa, Israel; 1.5-2.5-MHz transducer)
devices. All images were stored digitally for later
analysis. LV function was expressed as LVEEF, LV
GLS, LV S’, and Tei index. The Tei index was cal-
culated as a sum of isovolumetric contraction time
and isovolumetric relaxation time divided by LV
ejection time as described by Tei [13]. LVEF was
calculated using the modified Simpson method [14].

Apical four- and two-chamber and long-axis
views were used for quantification of LV GLS by
automated function imaging of two-dimensional
speckle tracking analysis. All analyzed images
were recorded with a frame rate > 55 frames per
second. Data were subsequently transferred for of-
fline analysis using EchoPack Sw Only BT version
110.0.x (GE Medical System). For each of three
views, mean longitudinal strain was calculated
according to current standards [15]. LV GLS was
calculated as the arithmetical mean of these three
values. The division of LV into 17 segments was
applied and presented graphically in the form of
curves and bullseye plots (Fig. 1A, 1B). Territorial
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Figure 1. Assessment of global longitudinal strain with automated function imaging before percutaneous coronary
intervention (PCI) (A) and after PCI for circumflex coronary artery (B). The polar maps show the improvement in
segmental longitudinal strain in the mid and apical anterior segments and basal, mid, and apical lateral segments.

longitudinal strain (TLS) was calculated based on
perfusion territories of the three major coronary
arteries in a 17-segment LV model by averaging
all segmental peak systolic strain values within
each territory [15]. For comparison with the an-
giographic findings, segments were correlated
with the arterial supply as follows: basal anterior
and anteroseptal, mid-anterior and anteroseptal,
apical anterior, septal and apex were assigned
to the left anterior descending (LAD) coronary
artery distribution; basal inferoseptal and inferior,
mid-inferoseptal and inferior, and apical inferior
were assigned to the right coronary artery (RCA);
and basal inferolateral and anterolateral, mid-
inferolateral and anterolateral, and apical lateral
were assigned to the left circumflex artery (LCX).

S’ was assessed from the apical four- and two-
chamber view for basal segments septal, lateral,
anterior, and inferior LV wall by pulsed tissue
Doppler echocardiography. The average of these
four basal velocities was used to calculate mean
basal S’. Three consecutive beats were measured
and averaged for all S’ measurements.

Statistical analysis

The statistical analysis was preceded by an
analysis of the group size. The sample size of pa-
tients in the study group was estimated based on
the differences between S’ and GLS values before
and after PCI. Based on available literature, the
minimum clinically meaningful differences for S’
and GLS values before and after PCI were 0.7 + 1.1
cm/s [4, 6] and 2.5 + 3% [16, 17], respectively. To

prove the impact of PCI on LV function with a 5%
level of significance and ensure that the power of
the test was 80%, to detect these differences, the
minimum number of patients enrolled to this study
should be 43 and 26 for S’ and GLS, respectively.
The data are expressed as mean value * standard
deviation or median value (interquartile range)
for continuous variables and frequency tables for
discrete parameters. Mean values were compared
with the t-test or the nonparametric Mann-Whitney
U test. Proportions were compared using the
” test. Medians were compared with the Kruskal-
-Wallis test. Multivariate linear analyses were
performed to evaluate the impact on LV function
after PCI, expressed as changes of GLS, S’, and
Tei index between the measurements before and
after PCI (AGLS, AS’, ATei index). The correlation
between the statistically significant parameters and
the analysed parameters (GLS, S’, Tei index) was
expressed by the § coefficient with a 95% confi-
dence interval (CI). For p values > 0.1, 3 coefficient
and CI were not indicated. P values < 0.05 were
considered significant. The Spearman correlation
coefficients were calculated to assess the relation-
ship between LV GLS and SYNTAX and EXTENT
scores. Statistical analysis was performed using
Stata version 10.

Results

Clinical data
Of the 214 patients screened, 66 were enrolled
in the study (34 with DM); the other 148 subjects
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Table 1. Demographic and clinical characteristic of the study population.

Parameter* All patients CAD + DM CAD P (CAD + DM
(n = 66) (n = 34) (n = 32) vs. CAD)
Age [years] 67 = 8.2 67 = 8.7 66.2 = 7.7 NS
Sex:
Female 23 (35%) 12 (35%) 11 (34%) NS
Male 43 (65%) 22 (65%) 21 (66%) NS
BMI [kg/m?] 29.3 = 4.0 304 + 4.0 28.2 = 3.7 0.05
Current smoking 12 (18%) 6 (18%) 6 (19%) NS
Smoking cessation 27 (48%) 14 (48%) 13 (48%) NS
Hypertension 59 (89%) 33 (93%) 26 (81%) NS
DM duration [years] - 6 + 3.2 - -
TC [mg/dL] 175.1 = 38.2 171.3 = 39.8 179.2 = 36.5 NS
LDL-C [mg/dL] 95.8 = 35.5 88.8 = 3.0 103.3 = 31.6 NS
TG [mg/dL] 136.4 = 63.8 157.8 = 75.1 113.8 = 38.7 0.01
HDL-C [mg/dL] 49.2 + 13 456 = 11.5 53.1 = 13.6 0.05
GFR > 60 mL/min x 1.72 m? 20 (30.3%) 9 (25%) 11 (34.3%) NS
NT-proBNP (pg/mL), median (min, max) 145 (73, 273) 136 (64, 293) 151 (104, 238) NS
Medication:
ACEI or ARB 52 (79%) 29 (85%) 23 (72%) NS
BB 63 (95%) 31 (91%) 32 100%) NS
ASA 66 (100%) 34 (100%) 32 (100%) NS
Clopidogrel 65 (98%) 33 (97%) 32 (100%) NS
Statins 59 (89%) 28 (82%) 31 (97%) NS
DM treatment:
Diet - 5 (15%) - -
Diet + OAD - 24 (70%) - -
Diet + OAD + insulin - 5 (15%) - -
HbA,, [%] - 6.81 = 0.94 - -

*Continuous variables are presented as mean = standard deviation and categorical variables are presented as number (percentage). CAD —
coronary artery disease; DM — diabetes mellitus type 2; NS — statistically nonsignificant; BMI — body mass index; TC — total cholesterol;
LDL-C — low density lipoprotein cholesterol; TG — triglycerides; HDL-C — high density lipoprotein cholesterol; GFR — glomerular filtration
rate; NT-proBNP — N-terminal pro B-type natriuretic peptide; ACEl — angiotensin converting enzyme inhibitors; ARB — angiotensin receptor
blockers; BB — beta-adrenergic receptor blockers; ASA — acetylsalicylic acid; OAD — oral antidiabetic medication; HbA1c — glycated hemoglobin

did not meet the entry criteria. All 66 patients
underwent successful PCI. The mean duration
of DM was 6 * 3.2 years. The mean HbAlc level
of patients with DM was 6.8 + 0.9%. The patient
demographic and clinical characteristics are pre-
sented in Table 1.

Angiographic data

Patient angiographic characteristics are shown
in Table 2. The mean EXTENT score was greater
in patients with CAD and DM than in those with
CAD only, but the differences were not statistically
significant. There were no differences in SYNTAX
score among diabetic and non-diabetic patients. In
all patients who qualified for the study, complete
revascularization of all coronary lesions qualified

for PCI was performed. Thirty patients underwent
two-step revascularization (16 with CAD, 14 with
CAD and DM). There was no difference in stent
type used for revascularization between patients
with or without DM. Second-generation drug-
eluting stents were mainly used (88% and 89% for
diabetic and non-diabetic patients, respectively).

Echocardiographic data

Two-dimensional echocardiography was per-
formed in all 66 patients. LVEE, S’, and Tei index
were assessed in the whole group, while GLS was
assessed in 53 patients. GLS was not assessed in
13 patients because anatomic conditions precluded
the registration of an appropriate echocardiogram
quality. Baseline echocardiographic parameters
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Table 2. Baseline angiographic characteristics.

Parameter CAD + DM CAD P
(n = 34) (n = 32) (CAD + DM vs. CAD)

Stenotic coronary artery:

LAD 8 9 NS

LCX 3 3 NS

RCA 7 6 NS

LAD+RCA 6 9 NS

LAD+LCX 7 3 NS

LCX+RCA 2 2 NS

LAD+LCX+RCA 1 0 NS
EXTENT score:

Minimum, maximum 3,90 3,58

Median (Q1, Q3) 24 (6, 43) 17 (12, 32) NS
SYNTAX score:

Minimum, maximum 2,39 2,34

Median (Q1, Q3) 9 (6, 16) 10 (6, 18) NS
Stent type:

DES 44 (86%) 37 (79%) NS

BMS 7 (14%) 10 (21%) NS
Treated vessels per patient 1.5 1.4 NS

CAD — coronary artery disease; DM — diabetes mellitus type 2; LAD — left anterior descending artery; NS — statistically nonsignificant;
LCX — left circumflex coronary artery; RCA — right coronary artery; DES — drug-eluting stents; BMS — bare metal stents

Table 3. Baseline echocardiographic parameters.

Parameter All patients CAD + DM CAD P (CAD + DM
(n = 66) (n = 34) (n = 32) vs. CAD)

LVEDD [mm] 44.7 + 5.4 44.4 + 5.1 45 + 5.7 NS
LVEDV [mL] 85 + 21 85 + 23 85 + 18 NS
LVEF [%] 59 + 5 58 + 4 60 + 4 0.028
IVS [mm] 11114 11.4 = 1.3 10.8 = 1.4 NS
PW [mm] 10.1 + 1.3 10.2 + 1.4 10 + 1.2 NS
LA [mm] 33.3+3.7 34+ 4.4 327 +2.7 NS
RV [mm] 285 + 2.9 28.9 + 2.9 28 + 2.9 NS
E/A 0.9 +0.3 0.9 +0.3 0.9 +0.3 NS
DT [ms] 262 + 72 267 + 87 257 + 52 NS
E’ [cm/s] 8.1=14 7.9+14 8.4+ 14 NS

Data are presented as mean + standard deviation. CAD — coronary artery disease; DM — diabetes mellitus type 2; LVEDD — left ventricular
end-diastolic diameter; NS — statistically nonsignificant; LVEDV — left ventricular end-diastolic volume; LVEF — left ventricular ejection frac-
tion; IVS — intraventricular septum; PW — posterior wall; LA — left atrium; RV — right ventricle; E/A — ratio E/A (E, A waves — mitral inflow
velocities); DT — E wave deceleration time; E'— mean early diastolic tissue velocity in the basal segments

before PCI are summarized in Table 3. LV func-
tion parameters differed between diabetic and
non-diabetic patients. LVEE, GLS, and Tei index
were significantly worse in diabetic patients before
PCI (Table 4). All echocardiographic parameters
of LV function improved significantly after PCI in
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all patients (Table 5). However, the differences in
GLS and LVEF between the subgroups of patients
with CAD and DM and those with CAD without DM
were maintained (Table 4). GLS values increased
by 18% in CAD patients and DM and by 14% in
CAD patients without DM but were significantly
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R worse in diabetic patients than in non-diabetic
. § " é patients (p = 0.003).
a|ls z '| 3 There were high correlations between GLS
e § and intraobserver and interobserver variation
o QS 1o 5 (correlation coefficient, 0.98 and 0.96, respectively;
o © o 3 0.001)
T Aol c 8| 2 p <O. .
g 3 Mo 2 5 S’ increased significantly after PCI in all pa-
[ o S v 5 tients (Tables 4 and 5). The range of S’ changes
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2 ) DM than in patients with CAD only (-0.17 + 0.07
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Ei 5 The average TLS for LAD, LCX, and RCA
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IS © R v| 2 after revascularization for territory distribution of
£ = % this coronary artery and other LV segments. TLS
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£ Moy 8| 2 * 2.9% vs. -19.7 + 2.6% and -17.8 = 1.9%
§ 9,: © 2 f,’ EE vs. =19.6 = 2.2%, respectively), but the change
) © £ ~§ (A) was greater in the revascularized area (A-3.5 +
§ < . 52 + 1.5% vs. A-1.8 = 1.5%; p = 0.0001).
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o ”5% parameters and LV function
2 ) Q- S| 5% Multivariate linear regression analyses were
£ o 9,: o4 8 s U|) performed to evaluate the impact of selected factors
8 3| 5 = f/’ ®=Z on LV function after PCI are expressed as changes
& T =% (A) of GLS, S, and Tei index. The selected factors
g E 22 S g 2 included DM presence, DM duration, SYNTAX and
95 +|H H S| FE EXTENT scores, sex, and age. The AGLS was
'2 2 e f/’ g g associated with SYNTAX score. Higher SYNTAX
2 o|lT T © é scores were related to greater improvement in GLS
2 §§ and led to greater LV function improvement after
E * g g | 2 revascularization (8 = 0.003, 95% CI 0.0004-0.005;
2 “13 3 a2 p = 0.02). No significant impacts of other variables
g £a on AGLS or any tested factors on the AS’ and the
3 —| 58 ATei index were revealed.
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R IS S| =
s |w|g|H H S F
C | w 3| © 8 . .
© 15918 8 €| o5 Discussion
> [ \% T >
£ 2g .
2 s —| €5 The present study showed that PCI signifi-
o ? D § H ? cantly improved LV function in CAD patients with
% alx g o g a or without DM with preserved LVEF and no visual
E 3 V] g3 segmental wall motion abnormalities or heart fail-
© k3 ure symptoms. Advanced echocardiography with
& g _ §§ assessment of GLS, S’, and Tei index enabled the
< © £ gg diagnosis of subclinical impairment of LV systolic
2 S 8 4| 5% function in patients with stable CAD despite the
Q o £ % 8O . . . .
. L z absence of evident LV systolic dysfunction in con-
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Table 5. Parameters of left ventricular (LV) function before and after percutaneous coronary interven-

tion (PCI) in all patients.

LVEF [%] GLS [%] S’ [em/s] Tei index

(n = 66) (n = 53) (n = 66) (n = 66)
Before PCI 59 + 5 -17.5 = 2.34 7.0 = 0.96 0.57 = 0.09
After PCI 62 =5 -20.5 = 2.26 7.8 = 0.95 0.42 = 0.08
P* 0.001 0.001 0.001 0.001

Data are presented as mean = standard deviation. *Before vs. after PCl. LVEF — left ventricular ejection fraction; GLS — global longitudinal

strain; S" — left ventricular peak systolic myocardial velocity

Table 6. Territorial longitudinal strain (TLS) of the three major coronary arteries.

TLS before PCI [%] TLS after PCI P*
LAD -16.3 = 2.3 -19.6 = 2.2 < 0.0001
LCX -16.9 = 2.7 -19.8 = 2.7 0.001
RCA -16.8 = 3.3 -20.3 = 2.6 < 0.0001

Data are presented as mean * standard deviation; *Before vs. after PCl. LAD — left anterior descending artery; LCX — left circumflex coro-
nary artery; PCl — percutaneous coronary intervention; RCA — right coronary artery

ventional two-dimensional echocardiography and
revealed LV functional improvement after PCI.
According to the literature, there are several
mechanisms responsible for myocardial damage
in patients with stable CAD. The most important
are: reduced coronary flow, chronic ischemia [1],
small-vessel microembolization, and endothelial
dysfunction. Myocardial fibres consist of three
different anatomical layers. The innermost suben-
docardial layer has an oblique clockwise orientation
in the longitudinal direction. The subendocardial
layer mainly contributes to cardiac long-axis func-
tion. Myocardial fibres of the subendocardial layer
are more vulnerable to ischemic damage than
those in the midmyocardium and subepicardium.
Previous studies have demonstrated that, in the
presence of the epicardial flow restriction, the
subendocardial layer tends to have less blood flow
than the subepicardial layer [18, 19]. Choi et al.
[20] suggested that repetitive ischemic episodes
of LV myocardium due to significant coronary
stenosis might reduce longitudinal function de-
spite normal resting or a regional wall motion.
This may explain why longitudinal measures such
as GLS and S’ are sensitive markers of ischemia
and LV function impairments. Biering-Sorensen
et al. [21] revealed differences between GLS val-
ues in patients with and without stable CAD and
an LVEF > 50%. GLS values were significantly
lower in patients with > 70% stenosis in at least
one coronary artery compared to patients without

coronary stenosis. Agarwal et al. [22] performed
a systematic review and meta-analysis to assess
the efficacy of tissue Doppler echocardiography
indices in the diagnosis of CAD and demonstrated
that LV S’ was significantly decreased among pa-
tients with CAD compared to those without CAD.
Ischemia is associated with a rapid and massive
increase in the concentration of endogenous cat-
echolamines in the myocardial interstitial fluid with
a deleterious effect on cardiac myocytes culminat-
ing in myocardial apoptosis and fibrosis [23].

Limited data are available on the effects of
PCI on LV function in patients with a preserved
LVEF. The majority of studies examined the way
in which PCI affects LV diastolic function or LV
systolic function in patients with acute MI or com-
plete coronary artery occlusion. In patients without
a MI assessment of LV function after revasculari-
zation, testing was limited to the evaluation of LV
contraction at rest and during dobutamine stress
echocardiography or demonstrating enhanced per-
formance in the exercise test [24, 25].

In the present study, LV function was as-
sessed simultaneously by four echocardiographic
parameters: LVEF in the assessment of global LV
function; GLS and S’ in the assessment of systolic
longitudinal function; and Tei index in the assess-
ment of combined systolic and diastolic myocar-
dial performance. This enabled a sensitive and
comprehensive assessment of LV function before
and after PCI.
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In all patients included in the study, GLS
values were significantly higher after, than before
PCI. There are limited data on GLS changes af-
ter elective PCI in patients with stable CAD and
apreserved LVEFE Ryo et al. [26] showed LV func-
tion improvements expressed as GLS in 35 patients
1 month after PCI. Antoni et al. [17] assessed LV
function after acute MI using GLS during 1 year
of follow-up. Patients with an increase in GLS >
10% are recognized as improvers. In the present
study, the increase in GLS after PCI was 17% in
all groups of patients despite their lack of MI and
having less LV dysfunction.

Percutaneous coronary intervention signifi-
cantly improved S’ values in all patients. Diller et
al. [8] studied 24 patients with normal systolic LV
function undergoing elective PCI and showed that
S’ improved in all investigated ventricular areas
compared to pre-interventional values. Surucu et
al. [27] did not found any improvement in S’ values
after revascularization. These differences may be
due to different time spans between PCI and the
re-assessment of S’ in the present study.

Another important finding was that PCI signifi-
cantly reduced the Tei index. A change in the Tei
index was more beneficial in diabetic patients with
CAD than in patients with CAD only. The data of
Tei index before and after elective PCI are scarce
and limited to patients with MI. According to avail-
able research, the Tei index has not been used to
assess LV function changes after revascularization
in cases of stable CAD. The improvement in TLS
confirms the beneficial effect of PCI on LV function
in patients with stable CAD and a preserved LVEE.

Tei index, LVEF, and GLS values before PCI
were worse in patients with CAD and DM com-
pared to patients with CAD only despite the lack of
statistically significant differences in the extent of
atherosclerosis in the coronary arteries assessed
using SYNTAX and EXTENT scores. This finding
is in accordance with the hypotheses of increased
myocardial stiffness, increased resting myocyte
tension, and the deposition of advanced glycated
end products associated with diabetic cardiomyo-
pathy and worse systolic and diastolic LV function
in diabetic patients [28].

The improvement of LV function after PCI
observed in the current study was similar in non-
diabetic and diabetic patients. However, LVEF and
GLS values were still worse after PCI in patients
with CAD and DM compared to those with CAD but
without DM. This may suggest that PCI improved
LV function similarly in all patients enrolled in the

study and differences resulted from worse baseline
LV function in patients with DM.

In the present study, higher SYNTAX scores
were associated with greater improvement in GLS.
According to available research, this is a new find-
ing. SYNTAX score is considered a parameter of
anatomical CAD complexity; therefore, it could be
used as an indirect marker of plaque burden [29].
A greater plaque burden indicated by a higher
SYNTAX score may lead to a more beneficial ef-
fect of complete revascularization in this group of
patients.

The improvement of LV function noted in the
present study may have clinical consequences i.e.,
reduced future heart failure. This paper opens the
door to future investigations assessing the impor-
tance of small but detectable LV function changes
in patients with and without DM.

Limitations of the study

The current study has some limitations. First,
the number of patients enrolled is relatively small.
Second, the severity of atherosclerosis in the
coronary arteries was assessed by one investiga-
tor. And finally, SYNTAX and EXTENT scores are
subjective [30].

Conclusions

Percutaneous coronary intervention signifi-
cantly improved LV function in diabetic and non-
diabetic CAD patients with a preserved LVEF. En-
hanced echocardiography allows the assessment of
subtle beneficial changes in LV function in patients
with no wall motion visual abnormalities, 1.e. candi-
dates for PCI. These results support the indication
for PCI in diabetic and non-diabetic patients.
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Abstract

Background: Left ventricular diastolic dyssynchrony is common in patients with heart failure with
reduced ejection fraction (HFREF). Little is known however, about its pathophysiology and clinical
effects. Herein is hypothesized that presence of diastolic dyssynchrony at rest or at exercise may impor-
tantly contribute to HF symptoms. The aim was to investigate the influence of diastolic dyssynchrony
and its exercise-induced changes on exercise capacity in HFREF patients.

Methods: Patients with stable, chronic HE left ventricular ejection fraction < 35%, sinus rhythm
and QRS > 120 ms were eligible for the study. Rest and cyclo-ergometer exercise echocardiography were
performed. Diastolic dyssynchrony was defined as opposing-wall-diastolic-delay > 55 ms measured in
tissue-Doppler imaging. Exercise capacity was assessed by peak oxygen consumption (VOap,.). Asso-
ciation between diastolic dyssynchrony and VO, was assessed in univariate regression analysis and
further adjusted for possible confounders.

Results: Fourty eight patients were included (aged 63.7 = 12.2). Twenty-seven (56.25%) had diastolic
dyssynchrony at rest and 13 (27%) at exercise. Twenty-two (46%) experienced a change in diastolic
dyssynchrony status during exercise. In univariate models diastolic dyssynchrony at rest or at exercise
were associated with lower VO, (beta coefficient = -3.8, p = 0.004; beta coefficient = -3.6, p = 0.02,
respectively). However; the ability to restore diastolic synchronicity during exercise was associated with
higher VO, (beta coefficient = 3.4, p = 0.04) and remained an important predictor of exercise capac-
ity after adjustment for age and HF etiology.

Conclusions: The ability to restore diastolic synchronicity at exercise predicts exercise capacity in

patients with HFREF. (Cardiol J 2021; 28, 6: 932-940)

Key words: stress echocardiography, cardiopulmonary exercise test, ischemic
cardiomyopathy, QRS prolongation, cardiac resynchronization therapy

Introduction

Mechanical dyssynchrony results from the
incoordinate wall motion of different ventricular
segments. It may occur not only in systole, but also
in diastole. While systolic dyssynchrony has been
shown to be an important contributor to the left
ventricular (LV) dysfunction in a wide spectrum of

heart failure (HF) patients, little is known on the
pathophysiology and clinical effects of diastolic
dyssynchrony, although diastolic dyssynchrony
has been frequently observed both in HF patients
with reduced (HFREF) and preserved (HFPEF)
ejection fraction [1-5].

Most evidence regarding diastolic dyssyn-
chrony come from studies on patients with HFPEE
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Diastolic dyssynchrony in this population was
found to aggravate LV diastolic dysfunction [5].
It was associated with the LV hypertrophy and
increased LV mass [5]. Interestingly, initiation of
medical therapy has shown to favor improvement
of diastolic dyssynchorny. Patients with HFPEE, in
whom treatment with diuretics, when beta-block-
ers and angiotensin-converting enzyme inhibitors
or angiotensin receptor antagonists were initiated,
experienced a significant decrease in diastolic dys-
synchrony [5].

In contrast, an understanding of the patho-
physiology and clinical effects of diastolic dys-
synchrony in HFREF patients remains deficient.
It was found, that diastolic dyssynchrony occurs
at least as frequent as systolic, although the coex-
istence of systolic and diastolic dyssynchrony is
low, suggesting that the mechanisms of these two
phenomena may exhibit some differences [3]. The
presence of diastolic dyssynchrony was observed
more often in patients with wider QRS duration
and was linked to worse diastolic LV function [1].
It was also associated with an adverse prognosis in
children with dilated cardiomyopathy [6]. Eventu-
ally, cardiac resynchronization therapy (CRT) was
found to improve diastolic dyssynchrony, however
the role of diastolic dyssynchrony in CRT patient
selection is less clear [3].

Data on the influence of diastolic dyssynchrony
on exercise capacity in patients with HFREF is
lacking. It was also unknown as to whether diastolic
dyssynchrony is prone to change during exercise
as had previously been reported with regard to
systolic dyssynchrony [7].

Limitation of exercise capacity is the main
symptom of HE, hence the aim in the present
study to investigate the influence of diastolic dys-
synchrony on exercise capacity in HFREF patients
with prolonged QRS duration, and to analyse the
effect of exercise on the presence of LV diastolic
dyssynchrony.

Methods

Study population

Consecutive HFREF patients considered
for CRT device implantation at a single tertiary
cardiology department between 2013 and 2014
were included in this study. Patients were en-
rolled in the study if they classified in the New
York Heart Association (NYHA) functional class
II-IV despite optimal medical therapy and had
no further coronary revascularization options,
presented with LV ejection fraction (LVEF)

<35%, were in sinus rhythm and had QRS duration >
> 120 ms on a 12-lead electrocardiogram. Patents
with any HF exacerbations within past 3 months
were not eligible for the study. Exclusion criteria
also included a history of any cardiac implantable
electronic devices, persistent atrial fibrillation,
significant respiratory, neurological or orthopaedic
disorder limiting exercise capabilities. Ischemic
etiology (ischemic cardiomyopathy [ICM]) of the
HF was defined based on a history of myocardial
infarction, coronary revascularization or presence
of angiographically significant stenotic coronary
lesions. Otherwise the patients were diagnosed
with non-ischemic cardiomyopathy (DCM).

All patients provided written informed con-
sent to participate in this study. The study was
performed in accordance with the Declaration of
Helsinki and was approved by the Institutional
Ethical Committee at the Jagiellonian University
in Krakow, Poland (KBET/110/B/2013).

All measurements and patient medical re-
cords were prospectively acquired by the authors
themselves.

Echocardiography

A Vivid 7 device (GE Medical System, Horten,
Norway) was used, equipped with phased-array
3.5-MHz transducer and tissue Doppler imaging
(TDI) software to perform echocardiographic ex-
aminations in all patients. The recordings were ana-
lysed offline on EchoPac software (GE Vingmed,
Horten, Norway) after digital storage. Conven-
tional 2-dimensional and Doppler parameters were
calculated in apical 4-, 3- and 2-chamber views.
TDI data were recorded with the highest attain-
able frame rate. Six basal LV time-velocity curves
(TVI) were reproduced offline from stored TDI
color images to analyse LV systolic and diastolic
dyssynchrony. All measurements were performed
by experienced echocardiographers by averaging
at least 3 consecutive heart beats.

The LV systolic function was determined by
LVEE calculated using the Simpson biplane method
[8]. The LV diastolic function was quantified by the
ratio of the early diastolic mitral velocity (E) ac-
quired with the pulsed-wave Doppler, to the mean
septal and lateral mitral annulus early diastolic
velocity (e’) obtained by the TDI-derived pulsed-
wave (E/e’) [9].

Exercise stress echocardiography
Symptom-limited exercise echocardiography

was performed on cycle ergometer (Ergoline 9000

Ergoline GmbH, Bitz, Germany) in a semi-recum-
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Figure 1. An example of diastolic dyssynchrony evaluation on the myocardial velocity imaging curves. The yellow
curve represents basal segment of the interventricular septum (IVS) and the green, a basal segment of the lateral wall
(LAT). Line 1 and 2 measure the time-to-peak early diastolic myocardial velocity interval (Te) of the IVS (line 1) and the
LAT (line 2) from the onset of the QRS. Line 3 shows the difference between the IVS Te and the LAT Te representing

an opposing wall Te delay.

bent position with the initial workload of 20 Watts
increasing every 2 min by 20 Watts. Echocardio-
graphic data were recorded throughout the exercise
and stored for subsequent off-line analysis. Peak
exercise measurements were derived from at least
3 heart beats in the last 2-min cycle and are ex-
pressed as means. Pharmacotherapy was continued
without change at the time of stress tests.

Diastolic and systolic LV dyssynchrony
Calculations of the LV diastolic and systolic
dyssynchrony were performed at rest and at peak
exercise for each patient. 6 LV basal TVIs were
applied to measure time-to-peak early diastolic
myocardial velocity intervals (Te) from the onset of
QRS complex to the peak early diastolic myocardial
velocity to analyse diastolic dyssynchrony (Fig. 1),
and time-to-peak systolic velocity intervals (Ts)
from the onset of QRS complex to the peak myo-
cardial systolic velocity in order to analyse systolic

dyssynchrony. The differences between Te and
Ts of opposing wall segments were calculated to
determine opposing wall diastolic and systolic de-
lays. In order to eliminate the effect of heart rate
on measurements of dyssynchrony parameters and
to allow for comparison of rest and exercise dys-
synchrony status, Te and Ts delays were corrected
for RR intervals using the Bazzet formula [10]. At
least one corrected opposing wall diastolic delay
greater or equal to 55 ms was indicative for rest
and exercise diastolic dyssynchrony, as previously
described [3]. Similarly, at least one corrected
opposing wall systolic delay greater or equal to
65 ms was indicative for rest an exercise systolic
dyssynchrony [11].

Exercise-induced diastolic resynchronization
was defined as change from the presence of dias-
tolic dyssynchrony at rest to absence of diastolic
dyssynchrony at exercise. In contrast, occurrence
of diastolic dyssynchrony during exercise if not
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present at rest was indicative of exercise-induced
diastolic dyssynchronization.

Cardiopulmonary exercise test

The treadmill cardiopulmonary exercise test
(CPET) was employed to determine exercise
capacity. The tests were conducted on a separate
day than stress echocardiography. The CPET
was performed using Reynolds Medical TMX425
TRACKMASTER treadmill unit with continu-
ous breath-by-breath measurement of oxygen
consumption (VO,), carbon dioxide production
(VCO,), and minute ventilation (VE) on Reynolds
Medical ZAN-600 respiratory gas analyzer. Modi-
fied Naughton protocol was applied in all patients
[12]. VO, was defined as the highest value of
oxygen uptake attained in the final 30 s of exercise
and was presented as a weighted variable (mL/kg/
/min) and as a percentage of age and sex predicted
maximal exercise oxygen consumption. Anaerobic
threshold was defined as the submaximal VO, level
when there is a dislinear rise in VE and VCO, and
expressed as mL/kg/min. Respiratory exchange
ratio was calculated as the VCO,/VO.,.

Statistical analysis

Categorical variables were described as counts
and percentages and continuous variables as means
+ standard deviations or median and interquartile
range. the unpaired Student’s t-test was used for
normally distributed variables, the Mann-Whitney
U-test for non-normally distributed continuous
data, and the y” test for categorical data to compare
patients with and without diastolic dyssynchrony.
With the use of univariate regression analysis the
association between VO, (dependent variable)
were examined and its potential modifiers (inde-
pendent variables) including age, sex (0 — male,
1 — female), HF etiology (0 — DCM, 1 — ICM),
serum hemoglobin level, PR interval, QRS duration
and morphology (0 — non-left bundle branch block
[LBBB], 1 — LBBB), markers of the LV systolic
(LVEF) and diastolic function (E/e’ ratio), the pres-
ence of rest and exercise diastolic and systolic dys-
synchrony (0 — not present, 1 — present) and the
presence of exercise-induced diastolic resynchro-
nization and exercise-induced dyssynchronization.
Significant associations were further adjusted the
for age and etiology. The significance level was set
at p < 0.05. Statistical analyses were performed
with Statistica PL software (StatSoft, Inc. 2017,
STATISTICA, data analysis software system, ver-
sion 13.1; www.statsoft.com) and MedCalc version
11.6.1.0 (MedCalc Software, Mariakerke, Belgium).

Results

Characteristics of the patients studied

Between 2013 and 2014 we recruited 54 patients.
Further analyses were based on 48 patients aged
63.7 = 12.2 (39; 81.3% males) with a sufficient qual-
ity of echocardiographic data. The majority of patients
(30; 62.5%) were in NYHA class ITI. Medical treatment
of the patients studied complied with contemporary
guidelines [13]. A summary of clinical characteristics
of the study group is presented in Table 1.

Rest and stress echocardiography

The mean LVEF was reduced (23.6 = 6%) and
the LV diastolic function was decreased with the
mean E/e’ ratio of 17.1 = 8.

Exercise cardiac echo studies were performed
without significant adverse events. Stress ex-
aminations were terminated at the mean workload
of 76.2 = 30.5 Watts and the mean heart rate of
115.4 + 22.1 bpm. Echocardiographic parameters
are presented in Table 1.

Diastolic LV dyssynchrony
at rest and at exercise

Diastolic dyssynchrony at rest was identified
in 27 (56.3%) patients, mainly in males (25; 93%)
and patients with ICM were (17; 63%). The group
with diastolic dyssynchrony compared to the
group without had similar LV systolic and diastolic
function and a similar proportion of patients with
systolic dyssynchrony. A detailed comparison of
clinical parameters between patients with and
without diastolic dyssynchrony is summarized
in Table 1.

Exercise echocardiography revealed the pres-
ence of exercise diastolic dyssynchrony in 13 (27%)
patients. Twenty-two (46%) patients experienced
a change in the diastolic dyssynchrony status
under exercise. Exercise-induced diastolic re-
synchronization was present in 18 (66.6%) pa-
tients and provoked diastolic dyssynchrony in
4 (19%) patients (Fig. 2). A detailed comparison
of clinical parameters hetween patients who
remained synchronized during exercise or be-
came dyssynchronized and between patients who
remained dyssynchronized or resynchronized
during exercise is presented in Supplementary
Table 1.

Diastolic dyssynchrony
and exercise capacity

The CPET was performed in every patient
but the full protocol was obtained in 41 (85%).
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Table 1. Characteristics of the patients studied.

Variable All patients Without diastolic ~ With diastolic P
(n = 48) dyssynchrony dyssynchrony
(n = 21) (n = 27)

Age [years] 63.7 = 12.2 63.5 + 9.6 63.8 = 14 0.93
Women/men 9 (18.7%)/39 (81.3%) 7 (33%)/14 (67%) 2 (7%)/25 (93%) 0.02
Body mass index [kg/m?] 26.5 + 3.8 25.9 + 4.2 26.9 + 3.5 0.37
Ischemic/non-ischemic 23 (47.9%)/25 (52.1%) 6 (29%)/15 (71%) 17 (63%)/10 (37%) 0.02
NYHA: 0.58

Il 12 (25%) 6 (29%) 6 (22%)

1] 30 (62.5%) 13 (62%) 17 (63%)

\Y 6 (12.5%) 2 (9%) 4 (15%)
NT-proBNP [pg/mL] 1667 [503-3309] 1206 [532-2665] 1744 [479-4888] 0.47
Hemoglobin [g/dL] 14.4 + 1.2 14.4 + 1 14.3 + 1.3 0.7
Heart rate [bpm] 70.6 £ 8.9 71.2 £ 8.8 70,1 £ 9.1 0.69
QRS duration [ms] 150 [120-160] 160 [120-160] 140 [120-160] 0.51
PR [ms] 200 [160-220] 180 [160-200] 200 [160-220] 0.08
LBBB/non-LBBB 28 (58.3%)/20 (41.7%) 11 (52%)/10 (48%) 17 (63%)/10 (37%) 0.46
Beta-blocker 47 (97.9%) 21 (100%) 26 (96%) 0.37
ACEI or ARB 47 (97.9%) 20 (96%) 27 (100%) 0.25
Aldosterone receptor antagonist 43 (89.6%) 18 (86%) 25 (93%) 0.44
Loop diuretics 44 (91.6%) 18 (86%) 26 (96%) 0.18
LVEF [%] 23.6 + 6.0 235 + 6.6 23.7 £ 5.7 0.91
E/e’ ratio 17.1 = 8.1 15.3 = 6.2 18.5 = 9.2 0.17
Max Te delay [ms] 60 [40-80] 40 [30-45] 80 [60-98] < 0.001
Systolic dyssynchrony 32 (66.6%) 15 (71%) 17 (63%) 0.54

NYHA — New York Heart Association; NT-proBNP — N-terminal prohormone of B-type natriuretic peptide; LBBB — left bundle branch block;
ACEIl — angiotensin converting enzyme inhibitor; ARB — angiotensin receptor blocker; LVEF — left ventricular ejection fraction; E/e’ — ratio
of early diastolic mitral velocity to early diastolic velocity of the mitral annulus; max Te delay — maximal opposing wall diastolic delay

[ Number of patients with diastolic dyssynchrony at rest,
who resynchronized at exercise

[T Number of patients without diastolic dyssynchrony at rest,
who remained synchronized at exercise

[ Patients with diastolic dyssynchrony at exercise

Figure 2. Exercise related changes of diastolic dyssyn-
chrony. The first column shows proportion of patients with
diastolic dyssynchrony at rest, who restored synchronicity
at exercise (gray square) and those, who remained dys-
synchronized (black square); The second column shows
proportion of patients without diastolic dyssynchrony at
rest, who remained synchronized at exercise (blue square)
and those who dyssynchronized (black square).

Seven patients refused to complete the test due
to anxiety for exercising on the treadmill or light-
headedness. Detailed CPET results are shown in
Table 2. Lower VO, was associated with more
advanced age, ischemic etiology of HE, longer PR
interval, higher E/e’ ratio, the presence of rest and
exercise diastolic dyssynchrony and lack of dias-
tolic resynchronization at exercise (Table 3). After
adjustment for age and etiology, exercise induced
diastolic resynchronization (beta coefficient = 3.4;
95% confidence interval [CI] 0.17 t0 6.6; p = 0.04),
E/e’ (beta coefficient = -2.0; 95% CI -0.06 to
—-0.34; p = 0.006) and PR interval (beta coeffi-
cient = —-0.05; 95% CI -0.02 to —0.08, p = 0.004)
were significantly associated with VO, (Table 3).
A comparison of mean VO, between patients
without rest diastolic dyssynchrony, who remained
synchronized at exercise and those who dys-
synchronized at exercise, and between patients
with rest diastolic dyssynchrony, who remained
dyssnchronized at exercise and those who resyn-
chronized at exercise is shown in Figure 3.
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Table 2. Cardiopulmonary exercise tests parameters.

Variable All patients Without diastolic With diastolic P
(n = 41) dyssynchrony dyssynchrony
(n =17) (n = 24)

Time of exercise [s] 555 + 234 661 = 247 510 = 218 0.14
Exercise load [METs] 5.4 [4.4-6.3] 5.4 [4.4-7.4] 4.7 [3.4-5.4] 0.16
VO e [ML/kg/min] 15.5 + 4.3 17.8 + 4 13.9 + 4 0.004
Percentage of predicted VO,,., [%] 57.9 + 18.6 65.4 + 23.5 524 + 11.6 0.04
Anaerobic threshold [mL/kg/min] 11 [7.1-14.5] 11.7 [8.9-16.7] 7.8 [6.9-12.1] 0.14
VE/VCO, 31 [27.3-37] 28 [25.1-30.4] 33.3 [30.1-39.5] < 0.001
Respiratory exchange ratio 1.03 [0.96-1.12] 1.03 [0.96-1.09] 1.03 [0.95-1.14] 0.62

VO« — peak oxygen uptake; VO,..« — maximal exercise oxygen consumption; VE/VCO, — minute ventilation to carbon dioxide production ratio

Table 3. Associations between clinical, electro- and echocardiographic variables and VO ca.

Variable

Univariate analysis

Associations after adjustment
for age and etiology

Beta coefficient P Beta coefficient P
(95% CI) (95% CI)
Age [years] —-0.17 (-0.3 to 0.05) 0.006
Etiology [0 — non-ischemic; 1 — ischemic] -4.7 (-6.8 to -2.1) 0.0005
PR interval [ms] -0.06 (-0.1t0-0.03) 0.0013 -0.05(-0.08 to -0.02)  0.004
QRS duration [ms] 0.05 (-0.01 to 0.12) 0.1
LBBB [0 — absent; 1 — present] 0.4 (-2.4 to 3.2) 0.78
LVEF [%] 0.09 (-0.13 to 0.32) 0.38
E/e’ -0.27 (-0.4t0-0.12)  0.0006  -2.0 (-0.34 to —0.06) 0.006
Rest diastolic dyssynchrony -3.8 (-6.35t0 -1.3) 0.004
Exercise diastolic dyssynchrony -3.6 (-6.6 to —0.6) 0.02
Exercise-induced diastolic resynchronization 3.4 (0.2 to 6.6) 0.04 3.4 (0.17 to 6.6) 0.04
Rest systolic dyssynchrony 1.5 (-1.3 to 4.4) 0.28

VO, — peak oxygen consumption; LBBB — left bundle branch block; LVEF — left ventricular ejection fraction; E/e’ — ratio of early diastolic

mitral velocity to early diastolic velocity of the mitral annulus

Discussion

There are two major findings in this study.
First, diastolic dyssynchrony may change during
exercise. Some patients with diastolic dyssyn-
chrony at rest experienced diastolic resynchroniza-
tion during exercise, while some of those without
diastolic dyssynchrony at rest, became dyssyn-
chroneous at exercise. Although such dynamic
features have previously been attributed to systolic
dyssynchrony in patients with HFREF [7, 14]. Ac-
cording to available research this is the first report
on the dynamic nature of diastolic dyssynchrony.

The presence of diastolic dyssynchrony was
also found, both at rest and exercise, was associ-

ated with decreased exercise capacity in HFREF
patients, but diastolic resynchronisation during
exercise improved this.

Similarly, a negative effect of diastolic dys-
synchrony on exercise capacity was reported in
hypertensive patients with LV hypertrophy. In this
group of patients diastolic dyssynchrony was also
associated with decreased exercise capacity [15].

Impaired LV synchronicity may occur not only
during ventricular contraction, but also during ven-
tricular relaxation. In fact, diastolic dyssynchrony
was found to be at least as frequent as systolic. The
prevalence of LV diastolic dyssynchrony in patients
with HFREF and prolonged QRS duration ranged
from 52% to 73% as compared to systolic (46-73%)
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Figure 3. Comparison of mean VO,,..« between patients
without rest diastolic dyssynchrony, who remained syn-
chronized at exercise (A) and those who dyssynchro-
nized at exercise (B); and between patients with rest
diastolic dyssynchrony, who remained dyssnchronized
at exercise (C) and those who resynchronized at exer-
cise (D).

[1-3]. In the present study diastolic dyssynchrony
was present in more than a half of the patients.
A concurrent presence of systolic and diastolic
dyssynchrony in the current study was seen in
35% of patients. A similar coincidence was shown
in previous observations [1, 2]. This would suggest
that systolic and diastolic dyssycnhrony may have
some different pathophysiologies.

Intraventricular diastolic dyssynchrony reflects
inhomogeneous timing of relaxation in different
myocardial segments [16]. In healthy hearts, all LV
segments relax in an organized fashion producing
suction forces at the most efficient energy consump-
tion level. This is achieved by synchronous interplay
between uninterrupted stimulation and undisturbed
regional relaxability of cardiac myocytes. In the pres-
ence of diastolic dyssynchrony, relaxation of the LV
becomes inefficient. Early diastolic discoordinate
motion of the LV walls may cause impairment of the
LV filling dynamics decreasing left atrial function,
aggravating mitral regurgitation, adversely affecting
right-to-left ventricular interaction and concomi-
tantly hinder ejection properties [17, 18]. As cardiac
output is dependent not only on systolic emptying
but also on diastolic filling, diastolic dyssynchrony
may cause additive hemodynamic compromise in a
failing heart. Decreased global performance of the
heart at an increased workload promotes conse-
quently, in chronic unfavourable cardiac remodelling
leading to a worsening of symptoms [19].

The causes of diastolic dyssynchrony has been
less well understood. As systole and diastole are
closely linked, it would be most expected that
systolic asynchrony determined the presence of
diastolic dyssynchrony. However, as discussed
earlier, less than one-half of the HFREF patients
have a coexistent systolic and diastolic dyssyn-
chrony. This lack of concurrence may in part be
attributed to the regional heterogeneity of the
load-induced relaxation delay. It has been previ-
ously demonstrated in experimental studies, that
global LV afterload translates to regional loading
conditions in an ununiformed fashion [20, 21]. It
was shown, that regional myocardial load correlates
with the timing of local relaxation [22]. Differences
in regional loading conditions may thus result in
regional discoordinate diastolic motion.

In relation to this, the LV diastolic dysfunction
and its regional differences may also play a role in
the pathophysiology of diastolic dyssynchrony. It
has been shown, that diastolic dyssynchrony cor-
related with the degree of LV diastolic dysfunction,
prolonged relaxation and elevated pulmonary capil-
lary wedge pressure in patients with HFPEE, but
also in HFREF [1, 5, 23]. The present study found
that, although not statistically significant, patients
with diastolic dyssynchrony had higher estimated
LV filling pressure than those without. Several
studies have additionally proposed, that right-to-
left ventricular diastolic interaction from raised
right ventricular diastolic pressure could explain
delayed onset of myocardial diastolic motion [24,
25]. Differences in serum fibrosis markers repre-
senting different LV diastolic dysfunction stages
might thus help to indicate patient with advanced
diastolic dyssynchrony [26].

Another potential circumstance for the oc-
currence of diastolic dyssynchrony may include
myocardial ischemia. It the present study, it was
observed that a majority of patients with diastolic
dyssynchrony had ischemic origin of HE, whereas
DCM was more prevalent among those without.
Data from several studies on diastolic dyssyn-
chrony in coronary artery disease come in line with
the current observations. In 1 study diastolic dys-
synchrony was evident in patients with ischemic
heart disease and preserved ejection fraction and
correlated with lower diastolic LV function [27, 28].
In another, LV diastolic synchronicity was shown to
be disrupted in patients with ST segment elevation
myocardial infarction [29]. Interestingly, diastolic
dyssynchrony recovered after successful coronary
revascularization. Additionally, a study investigat-
ing the occurrence of diastolic dyssynchrony during
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dobutamine stress echocardiography found that
diastolic dyssynchrony imaging at peak dobutamine
yielded high sensitivity and specificity in predicting
significant coronary artery disease [30]. This might
imply, that diastolic dyssynchrony is related to the
presence of viable myocardium and could partly
explain dynamic changes of diastolic dyssynchrony
observed in the present study. In contrast to the
previously cited study, diastolic dyssynchrony has
been shown to improve during dobutamine stress
echocardiography in patients with LV hypertrophy,
demonstrating that the lusitropic effect of dobu-
tamine improve LV regional diastolic asynchrony
led to an improvement of global LV diastolic fill-
ing [31]. Furthermore, CRT and medical therapy
has been found to restore diastolic synchronicity.
Wang et al. [5] who explored the effect of medical
therapy on the extent of diastolic dyssynchrony in
HF patients with preserved ejection fraction has
shown, that the initiation of treatment with diu-
retics, beta-blockers and angiotensin-converting
enzyme inhibitors or receptor blockers resulted
in an improvement of diastolic dyssynchrony [5].
Accordingly, as wider QRS has been associated
with the presence of diastolic dyssynchrony, it has
been hypothesized, that CRT may also lead to dias-
tolic resynchronization. Shanks et al. [3] observed
a high incidence of diastolic dyssynchrony in CRT
responders, and its sustained improvement with bi-
ventricular pacing. Although diastolic together with
systolic dyssynchrony has been shown to normal-
ise with CRT in some patients, it is questionable
whether the presence of diastolic dyssynchorny
improves CRT patient selection.

Diastolic dyssynchrony and its changes ap-
pear to have multifactorial pathophysiology, which
include electrical and local mechanical properties
of the myocardium, but the exact mechanism or
clinical meaning remains uncertain. As discussed
earlier, the presence of diastolic dyssynchrony may
be attributed to myocardial ischemia or myocardial
viability, as well as suboptimal medical therapy.
Whether exercise-induced diastolic resynchroni-
zation could serve as a marker to guide therapy
optimization requires further study.

Limitations of the study

The main strength of the present study is
that it enriches a limited body of literature on the
clinical implications of diastolic LV dyssynchrony
and its exercise-induced changes in patients with
HFREF and helps to improve our understanding
of this phenomenon.

Despite these advantages there are several
limitations. It was a pilot, single-center study with
a limited number of participants. A limited number
of LV dyssynchrony parameters were used. Meas-
urement of dyssynchrony at peak exercise may
pose some difficulties caused by insufficient quality
of echocardiographic recordings in up to 10% of pa-
tients. There was no attempt to evaluate the causes
of diastolic dyssynchrony and its exercise-induced
changes. Despite these drawbacks, it is believed
that the consistency of the results validates the
observations. Larger scale prospective studies are
needed to validate the present results.

Conclusions

Diastolic dyssynchrony may change during
exercise in half of HFREF patients. The ability to
restore diastolic synchronicity at exercise predicts
better aerobic capacity, whereas advanced age,
ischemic etiology, prolonged PR interval and more
advanced diastolic dysfunction are associated with
lower exercise tolerance.
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Abstract

The severe acute respirvatory syndrome coronavirus 2 (SARS-CoV-2) (coronavirus disease 2019
[COVID-19]) pandemic has presently stunted the growth of the airline industry. Despite the setbacks,
pre-COVID-19 passenger numbers are forecasted to return by as early as 2024. As the industry recovers,
the number of long-distance flights will surely continue to increase like it did before the pandemic. The
incidence of venous thromboembolism (VTE) following air travel is also likely to increase. Although not
common, the unique environment of air travel exposes indiwiduals with particular health conditions to
an elevated risk of acquiring VITEs. Numerous factors increasing the risk of developing VTE related
to air travel have been identified, including inherited and acquired flight-related aspects. Non-phar-
macological approaches to reduce air travel-related VTEs involve simple foot movements, compression
socks and stockings, intermittent pneumatic compression devices, a novel modified airline seat, and
foot exercisers. Pharmacological methods include heparins and direct oral anticoagulants. More than
30 reliable articles were evaluated to present the current knowledge regarding air travel-related VTEs,
their risk factors, and prophylactic methods. Issues in research methodologies found in the literature
were identified and discussed. Further research involving international collaboration projects is recom-
mended. The authors’ perspectives regarding long flights in previously infected COVID-19 individuals
are also included. (Cardiol ] 2021; 28, 6: 941-953)

Key words: deep vein thrombosis, economy class syndrome, pulmonary embolism,
travel-related illness, venous thromboembolism, COVID-19

Introduction

Despite the effects of the ongoing severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
(coronavirus disease 2019 [COVID-19]) pandemic,
the airline industry is projected to recover by
2024. New estimates from the International Air
Transport Association predict passenger numbers
to double by the year 2039, compared to pre-
-COVID-19 years [1]. As new technologies allow
for more affordable travel over long distances,
ayearly passenger growth rate of 7% since 2015 had
been recorded until the onset of COVID-19 [2, 3].

The long periods of immobility and cramped
conditions seen in most air travelers is reflected
in the term “economy class syndrome” [4-6].
Therefore, the growing number of long-range
routes and passenger numbers is likely to in-
crease the incidence of pulmonary embolism
caused by deep vein thrombosis (DVT) [7]. It
is estimated that in other automotive forms of
transport, the risk for venous thromboembolism
(VTE) amounts to between 0.5% and 10% after
travelling longer than 12 and 24 hours, respec-
tively [7, 8]. The findings of the article are sum-
marized in the Central illustration.
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Review methods

Reviews of medical articles relating to air
travel-related VTE, risk factors, and prophylaxis
were conducted. Medical journals in the English
language were selected for review using Pub-
Med and Google Scholar. The keywords used
included “economy class syndrome”, “pulmonary
embolism”, “deep vein thrombosis”, “venous
thromboembolism”, “venous thromboembolism
prophylaxis”, and “air travel-related illness” either
as standalone searches or in combination. Addi-
tional publications not recovered in the preliminary
searches were reviewed and added if deemed suit-
able to the topic. Finally, 30 articles were selected
for review. Additional literature not previously cap-
tured was added to supplement the review based
on its relevance to the scope of interest.

Mechanism

Virchow’s triad details the conditions contrib-
uting to venous thrombosis, i.e. endothelial injury,
venous hemodynamic changes (stasis and turbu-
lence), and hypercoagulability [9, 10]. Damage to
the endothelium causes platelets to bind to the
injury site, forming a hemostatic plug, which may
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become the nidus of thrombosis [9]. Two common
causes of vascular injury include surgery and major
trauma. Hypobaric hypoxia, low humidity, and im-
mobility are commonly seen in air travel [9, 11].

Hypobaric hypoxia and low humidity

At 10,800 m, airplanes are pressurized to create
a livable environment, which equates to an altitude
of between 1524 and 2134 m, and a cabin pressure of
75.8 kPa (101 kPa AMSL) [11]. In such conditions, the
oxygen saturation in healthy individuals can decrease
to 90-93%, whereas in the elderly and passengers
suffering from cardiac or pulmonary disorders, it
may be as low as 80% [9]. Although coagulation in
hypobaric and normobaric hypoxia conditions have
been the subject of a number of studies, there remains
a lack of consensus regarding thrombin formation in
the aforementioned conditions [12].

The humidity level in an aircraft is approximate-
ly 10% (compared to sea level 30-40%) [13]. This ef-
fect is exacerbated by decreased fluid intake, which
may result in dehydration [9]. In a simulated long
flight study, no evidence concerning dehydration
was found, although fluid retention corresponding to
an approximate increase of 1 kg in body weight was
observed [14]. An increase in urinary and plasmatic
osmolarity associated with a low humidity combined
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with the diuretic effect of beverages, such as coffee,
tea, or alcohol contribute to hemoconcentration
promoting VTE formation [9].

Immobility

The endothelium can be deprived of its non-
-thrombogenic state without direct injury [10]. Im-
mobility causes stasis, which forms a chemotactic
gradient across the endothelium, triggering major
leukocyte migration. Furthermore, leukocyte trap-
ping can occur between the basement membrane
and the endothelium, resulting in endothelial
cell separation and desquamation, which further
leads to the exposure of subendothelial layers and
thrombus formation [10]. Thus, the immobility of
passengers in long-distance travel is referred to as
“economy class syndrome” [5]. As experienced by
passengers mainly in economy class, those in win-
dow seats would have a twofold increase in risk for
a VTE compared to those seated by the aisle [15].

Endurance athletes

Individuals in excellent physical condition can
also be at risk of a travel-related VTE. In particular,
endurance athletes and long-distance runners ex-
perience repeated microtrauma, which may induce
endothelial injury. Additionally, dehydration can
lead to hemoconcentration while immobility during
travel to and from events contribute to VTE for-
mation [16]. In Paget-Schrotter syndrome, heavy
upper extremity activities can activate coagulation
in the axillo-subclavian vein [17]. Rare iliofemoral
DVT known as May-Thurner syndrome has been
described in a runner [18]. Indeed, a report of
a triathlete diagnosed with DVT upon completion
of a half-ironman triathlon indicates that DVT risk
factors, such as microtrauma, immobility, and dehy-
dration may also be present in this population [16].

Risk factors

The most common risk factors for flight-relat-
ed VTEs are thrombophilic abnormalities and the
occurrence of previous DVT [11]. Others include
obesity (body mass index [BMI] > 30 kg/m?),
age (> 40 years old), tall and short stature
(> 1.90 m or < 1.60 m), chronic disease, oestro-
gen administration, female gender, pregnancy, and
immobility [19-21]. A new risk factor for VTE is
undoubtedly related to COVID-19 infection [22].
At present, data are scarce regarding the implica-
tions for long-haul flights in individuals who are
or have previously been infected with COVID-19,
although the coagulopathy observed in the disease
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may increase the risk of VTE [23]. Because this is
a developing topic within the literature, the authors
offer some perspectives in the section “COVID-19:
Authors’ perspectives”.

In general, although most sufferers of air
travel-related VTEs are older, young and physi-
cally fit individuals can also be at risk [16, 24]. In
a study, travelers’ absolute VTE risk was evalu-
ated, and the identified risks were as follows: 1/109
for pregnant travelers, 1/140 for travelers in
a plaster cast, 1/141 for travelers with malignan-
cies, 1/164 for travelers following a recent surgery,
1/259 for travelers on contraceptives, and 1/405
for female travelers on hormone replacement
therapy [25].

Inherited factors

Inherited thrombophilias predispose individu-
als to hypercoagulable states [26]. The prothrom-
bin gene constitutes the most frequent cause of
hereditary hypercoagulable conditions, comprising
50-60% of VTE cases, whereas factor V Leiden
mutations with antithrombin, and protein C and S
represent the remainder [26]. A study showed that
in 72% of travel-related VTE cases thrombophilic
irregularities were present [11].

Factor V Leiden and activated protein C
resistance

There is an elevated VTE risk in individuals
with factor V Leiden (FVL) (in which insensitiv-
ity to activated protein C [APC] is observed) [9].
Moreover, APC resistance was detected in 47%
of individuals with travel-related VTE [11]. Thus,
even without FVL, APC resistance constitutes
a risk factor for VTE, and it was observed in 15%
of patients with travel-related VTE [11].

Prothrombin G20210A

Mutations to prothrombin constitute the sec-
ond most frequently inherited thrombophilia after
FVL [11]. Combined mutations of FVL and pro-
thrombin gene 20210A are linked with a greater
risk of VTE [27]. In a travel-related VTE study,
a synergistic increase in the risk for DVT was
found in FVL individuals, although the VTE risk for
prothrombin mutations was less pronounced [28].

Protein C and protein S

Protein C is a vitamin K-dependent anticoagu-
lant protein, circulating as a zymogen. Anticoagu-
lant effects are exerted following the activation to
APC which, in turn, inactivates factors Va and VIIIa,
further activating factor X for thrombin formation
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[27]. Protein C deficiency was identified in 4.8% of
individuals with travel-related VTE [11]. Protein S
1s a cofactor for APC and regulates clot formation
[29]. Deficiencies of protein S were found in 7% of
patients experiencing travel-related VTE. Protein C
and protein S levels are decreased by vitamin K
deficiency, warfarin, and liver failure [30].

Antithrombin

Antithrombin is an inhibitor of thrombin,
factors IXa and Xa, and other serine proteases.
Deficiency of antithrombin is either inherited or
acquired. Inherited deficiencies result from muta-
tions, whereas acquired deficiencies are primarily
caused by impaired production of viable antithrom-
bin, increased utilization, or protein losses [31].
Antithrombin deficiency may result in an elevated
thrombotic risk and heparin insensitivity. In an air
travel-related VTE study, 3 (< 2%) subjects with
VTE suffered from antithrombin deficiencies [32].

Other

According to the literature, non-O blood groups
have higher plasma levels of von Willebrand factor
and factor VIII, which may lead to an elevated risk
for thrombosis [13]. Fibrinogen gene mutation
C10034T is known to produce variant fibrinogen
linked with increased venous thrombosis [13]. Fur-
thermore, lupus anticoagulant, anti-32-glycoprotein
I, and antiprothrombin antibodies participate in
prolonged coagulation in vitro [33].

Acquired factors
Pregnancy

Many adaptive changes occur in the hemo-
static system as the body prepares for placental
expulsion and vascular disruption [34]. The body
enters a state of hypercoagulability and hypofi-
brinolysis in order to prevent excessive bleeding
[34]. Although VTE risk during pregnancy is low,
the postpartum risk is 5 times higher than dur-
ing pregnancy [35]. However, the risk for VTE is
estimated to be between 0.03% and 0.1% when
the two factors, i.e. air travel and pregnancy, are
combined [36]. Indeed, pregnant women on 4- to
5-hour flights have a VTE risk 5 to 10 times greater
than non-pregnant women, and the risk increases
to 4 and 8 times in flights longer than 8 and 12
hours, respectively [9].

Trophoblastic injury triggered by flight-related
hypoxic conditions leading to premature birth and
intrauterine death were reported [37]. Therefore,
airlines have introduced restrictions on pregnant
women, allowing travel only up to the 36" week

of pregnancy [13]. Following findings presented
by the Royal College of Obstetricians and Gy-
necologists, it is accepted that pregnancy is at least
a moderate risk factor and requires further inves-
tigation [38]. Pharmacological prevention should
also be evaluated in this group of travelers [24].

Antiphospholipid syndrome

Antiphospholipid syndrome is an autoimmune
disorder in which antibodies against proteins are
bound to anionic phospholipids on plasma mem-
branes [26]. Secondary antiphospholipid syndrome
was observed in rheumatic diseases such as sys-
temic lupus erythematosus or as a standalone
disease [26]. Although VTE occurrences were
reported in nearly all locales of the vascular tree
in antiphospholipid syndrome patients, the most
frequently reported are lower extremity DVTs and
pulmonary embolisms [39].

Chronic disease

Numerous cases of VTE are associated with
chronic disease [19]. Chronic lung or cardiovascular
diseases can be exacerbated by the hypoxic condi-
tions in air travel (i.e. induction of the coagulation
system during a flight) [40]. Arthritis and inflamma-
tory bowel disease were also identified as potential
risk factors together with neoplastic diseases and
chronic kidney disease [9, 21]. Indeed, the death of
New Zealand international rugby icon Jonah Lomu,
who had been diagnosed with nephrotic syndrome,
was suspected to be caused by a VTE shortly after
a long-distance flight from the United Kingdom to
New Zealand [41].

Obesity (BMI > 30 kg/m®) is a widely reported
risk factor in several VTE studies [9, 21]. In fact,
arelative risk of 2.4 for DVT was determined when
comparing non-obese and obese women [42].

Other factors

MTHEFR polymorphism

and hyperhomocysteinemia
5,10-methylenetetrahydrofolate is reduced

to 5-methyltetrahydrofolate using methylene

tetrahydrofolate reductase (MTHFR). Methyl

tetrahydrofolate is required in the re-methylation

of homocysteine to methionine, a process that

requires folate and vitamin B,, [43].

Indeed, MTHFR polymorphisms were linked
to an increased VTE risk [27]. MTHFR compound
mutations entail a greater risk for VTE compared
to heterozygous, homozygous C677T, or A1298C
variants which constitute an intermediate risk
[44]. It has been demonstrated that geographic
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and ethnic variations exist in the population. Ho-
mozygosity for C677T in North America is most
prevalent in Hispanics (21-25%), followed by
Whites (10-14%), and Blacks (1-2%, particularly
in the USA and Brazil), whereas homozygosity for
A1298C is found more in Whites (7-12%) followed
by Hispanics (4-5%) and Asians (1-4%) [45]. In
contrast, heterozygosity was not considered a risk
factor for VTE [11].

Hyperhomocysteinemia is another important
risk factor for initial and recurring VTE, especially
when fasting levels exceed 20 umol/L [46]. The
most commonly known genetic cause of hyper-
homocysteinemia is MTHFR gene polymorphism
[27]. Acquired hyperhomocysteinemia can stem
from chronic renal failure, or it can be induced by
drugs such as cyclosporine and methotrexate [11].
Additionally, folate, vitamin Bg, and vitamin By,
deficiencies due to a low dietary intake can also result
in mild to moderate hyperhomocysteinemia [47].

Female gender

Female gender is an independent risk factor
for flight-related VTE. According to Lapostolle et
al. [6], 75% (42 of 56) of confirmed VTE patients
were female. Additionally, a large cohort study
found the VTE risk for females is 3 times higher
than for men [20]. Moreover, an increased VTE
risk is also observed in menopausal women receiv-
ing hormone replacement therapy; in individuals
undergoing estrogen therapy, the risk of VTE is
nearly 20 times higher [21, 48]. The use of the
oral contraceptive pill (OCP) in healthy women
increases VTE risk fourfold [49]. According to
the Centers for Disease Control and Prevention,
12.6% of women between 15 and 49 years of age
take the OCP in the USA [50]. Worldwide, 65 mil-
lion women take the OCP, which amounts to 6%
of all women of reproductive age [11]. Indeed, the
increased risk of VTE events when using OCP is
well established in the literature [49].

Flight-related

Long-distance flights are defined as lasting
7 to 15 hours or more [51, 52]. According to the
literature, the risk of DVT for such flights equals
3-12% and is 3 times higher in comparison to
shorter travels [53].

Arya et al. [51] found that long-haul flights
(> 8 h) were associated with DVT only if one ad-
ditional risk factor was present.

Window and central seating locations are
significant. Belcaro et al. [54] observed that 18 of
19 thromboses were formed in subjects sitting by
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the window or in central seats. In their subsequent
study, all 22 DVT cases (of 422 subjects) were
reported in passengers seated by the window or
in central seats. As for so-called “economy class
syndrome”, the risk was the same for business and
economy class travelers [48, 55]. Therefore, the
term “traveler’s thrombosis” has been suggested
as a more appropriate term [56].

As discussed previously, alcohol contributes to
the diuretic effect, thereby increasing the risk of
VTE. Interestingly, 66% more alcohol is consumed
in business class than in economy class [55].

Other

A hypercoagulable state in type I and II diabe-
tes has been established. Chronic hyperglycemia
can lead to endothelial dysfunction and is crucial
for the progression of vascular complications in
diabetic patients [57]. In several studies diabetes
was frequently used as an indicator or as an exclu-
sion criterion of high-risk VTE in long-haul flights
[58-60].

Smoking is reportedly a risk factor for travel-
-related VTE because it causes hypoxia and in-
creases blood viscosity [13, 57, 61]. In women
taking OCPs, smoking acts synergistically in
increasing VTE risk [62]. Interestingly, while one
study demonstrated that smoking was unrelated
to D-dimer development and found little evidence
of its association with VTE, while another study
classified smoking as a low risk for VTE [55, 63].
Nevertheless, cessation of smoking to decrease
VTE risk was recommended in other studies [6, 61].

Recent surgery represents a well-described
risk for VTE [9, 21, 64]. Surgery risk was divided
into low (minor surgery within 3 days of a flight)
and high risk (major surgery within 6 weeks of
a flight) [13].

An individual with a history of previous DVT
or pulmonary embolism is at high risk of develop-
ing VTE [6, 27].

The impact of race and ethnicity on VTE
risk has been scarcely investigated. According to
White and Kenan, African Americans had a notably
higher rate of VTE, particularly following events
which include surgery, illness, and trauma [65].
Pacific Islanders and Asians had between 3 and
5 times lower risk for cancer-associated VTE, and
idiopathic first-time symptomatic and secondary
VTE [65]. Using Caucasians as the reference ethnic
group for any first-time VTE risk, the less vulner-
able groups were Hispanics (50%) and Asians/
/Pacific Islanders (70%), whereas African Ameri-
cans were 35% more vulnerable to VTE [66]. Al-
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though genetic factors are more present in some
ethnic groups, the data regarding air travel-related
VTESs remain insufficient.

Prevention: Non-pharmacological

General advice on inflight exercises for travel-
ers is available from airline websites and on-board
entertainment systems and includes stretching, foot
exercises, standing up, removing bags from under
the seat for more leg space, and avoiding restric-
tive clothing [59, 67]. Foot exercises increase the
mean peak velocity in the popliteal vein and can be
activated by frequent plantarflexion and dorsiflexion
[68]. However, data concerning the compliance and
efficacy of such exercises are scarce.

For higher-risk individuals, compression
socks/stockings, intermittent pneumatic com-
pression devices, and active foot movements have
been shown to be effective [21]. The mechanism
is attributed to the high flow pulsatility induced by
the vessel collapse due to distal compression (by
muscle contraction) allowing deep veins to drain
more readily, thereby reducing venous stasis [69].
External mechanical compression does not affect
coagulation; hence, the risk of increased bleeding
with this method is minimal.

Compression stockings

Passengers using compression stockings have
reduced incidences of DVT and lower extremity
edema [54]. In LONFLIT 2, the frequency of DVT
among high-risk individuals in long-haul routes
was reduced 18.5 times when wearing stockings
[54]. The LONFLIT 4 Concorde Edema-SSL study
evaluated Scholl (UK) Flight Socks (below knee,
14-17 mmHg compression at the ankles) and found
a distal DVT in less than 1% of the study group
compared to 6% in the controls [54, 70]. In the
LONFLIT 4 Concorde ECO-TRAS study, similar
results were found regarding Sigvaris Traveno
(Ganzoni, Switzerland) elastic stockings (below
knee, 12-18 mmHg compression the ankles) [71].
Thigh-length socks were found to have equivalent
effectiveness compared with knee-length although
the latter has better compliance and a lower cost
[72]. Similar efficacy was also reported in graded
compression stockings [73].

Intermittent pneumatic compression devices

Intermittent pneumatic compression devices,
calf muscle pump-facilitating devices, and simple foot
movements were compared [74]. Calf muscle pump
facilitating devices did not present a higher efficacy

than simple foot movements, whereas the use of in-
termittent pneumatic compression devices was found
to be justifiable for sleeping, or immobile patients
[74]. The use of intermittent pneumatic compression
devices on flights is restricted due to the external
power source, size, and weight requirements; thus,
compression stockings are preferred [75].

Modified airline seat

A modified standard airline seat (NewSit) was
proposed, which elevates the feet, assisting leg
mobility and allowing intermittent calf compres-
sion [76]. Improvement in venous emptying was
observed in 23 out of 25 subjects whilst sitting for
5 hours, in comparison to a conventional airline
seat [76]. Currently, this is the only published paper
concerning this technology.

Foot exercisers

Physical foot exercisers, such as the Airogym
Exerciser (Airogym Ltd., UK) and travel footrest
hammocks (various brands), are less common,
although they do promote blood flow through deep
veins [77].

Prevention: Pharmacological

Pharmacological methods aim to decrease
coagulation and clot formation. Common drugs
include low-molecular-weight heparin (LMWH),
unfractionated heparin (UFH), factor Xa inhibi-
tors, direct thrombin inhibitors, and acetylsalicylic
acid (ASA) [24, 48]. Such methods to decrease or
prevent DVT can be employed when compression,
or other physical methods are contraindicated,
as in the case of severe arterial claudication,
drug allergies, or high hemorrhage risk [78]. The
main advantages of the pharmacological measures
are the increased compliance when compared to
non-pharmacological methods [78]. Crucially, for
individuals undergoing long-term anticoagulant
therapy with a proven prevention of recurring VTE
(following an unprovoked first event), the same ef-
fect cannot be presumed when administering these
medications shortly before travel [79].

Heparins

Conventional evidence-based guidelines for
the treatment and prevention of DVT are with hep-
arins [79]. Data regarding UFH use for pre-flight
DVT prophylaxis is scarce because it is normally
used instead in the treatment of acute VTE in
controlled settings due to the intensive activated
partial thromboplastin time demands [24, 80].
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Low-molecular-weight heparin has replaced
UFH as the drug of choice for VTE prophylaxis
[64]. The efficacy of LMWH is well documented
and recommended for high-risk individuals on long-
-distance flights [81]. LMWH has certain ad-
vantages over heparin, such as a lower risk of
heparin-induced thrombocytopenia at 0.2% vs.
2.6%, respectively, and better pharmacokinetic
profile [82]. In a study, a LMWH group who were
administered 1 mg/kg of enoxaparin between 2 and
4 hours before a long-distance flight reported
0.61% of thrombotic events in the extremities com-
pared to 4.8% in the control group and 2.9% in the
ASA group (p = 0.002 when compared to the two
other groups). Additionally, recommendations for
a single 40 mg dose of enoxaparin or 5000 IU of
dalteparin subcutaneously prior to departure have
also been made [24]. LMWH's route of administra-
tion is not the most convenient, which decreases
its compliance [83].

Direct oral anticoagulants: Factor Xa
and direct thrombin inhibitors

Due to minimal food and drug interactions,
direct oral anticoagulants are a safer alternative
than the previous methods [61]. Furthermore,
there is no evidence suggesting direct oral antico-
agulants cannot be used as prophylaxis for travel-
related VTE. However, as primary prophylaxis,
LMWH is still preferred due to the novelty and
thereby lack of data regarding direct oral antico-
agulants [83].

Factor Xa transforms prothrombin to thrombin
and thus is essential for coagulation. rivaroxaban is
a direct inhibitor of factor Xa [83]. Oral administra-
tion of 10 mg was recommended for the prevention
of VTE [84]. Another direct factor Xa inhibitor is
apixaban, but there are no data on its safety or
efficacy for long-haul flight VTE prophylaxis [85].

An indirect factor Xa inhibitor is fondaparinux
[86]. In comparison to LMWH, fondaparinux may
increase the risk for fatal hemorrhage; on the
other hand, when compared to UFH, it increases
all-cause mortality, simultaneously reducing VTE
events [87]. An informal cost analysis of the drug
indicated fondaparinux to be more expensive than
LMWH [80]. A recommendation for pre-flight
VTE prevention is 2.5 mg subcutaneously [24].
Contraindications for factor Xa inhibitors are re-
nal insufficiency (creatinine clearance < 30 mL/
/min) and hemodialysis [24].

Dabigatran etexilate is a thrombin inhib-
itor with a similar efficacy to enoxaparin and
a comparable safety profile to LMWH [24]. It has
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predictable pharmacokinetics, a rapid onset of
action, and minimal drug and food interactions.
A recommended prophylactic dosage is reported
as 220 mg once per day [88].

Acetylsalicylic acid

Acetylsalicylic acid inhibits platelet activation
by the inactivation of cyclooxygenase. ASA used
in combination with stockings has proven to be
beneficial, although very few studies support ASA
use for VTE prophylaxis [56, 89]. Subjects of the
LONFLIT 3 study were administered 400 mg once
daily for 3 days, beginning the first dose 12 hours
prior to the flight. The results indicated a small
decrease of 3.6% in subjects with DVT compared
with 4.8% in the control group; however, this result
was not statistically significant [81]. The efficacy
of ASA as a standalone drug in VTE prevention is
doubtful; hence, the American College of Chest
Physicians have advised against its use for throm-
boprophylaxis [56].

Discussion

It is generally accepted that air travel is related
to VTE [53, 90, 91]. However, the issue of het-
erogeneity in the literature remains problematic,
although explicable. Despite various definitions of
a “long-distance” flight, the research performed
has been extensive in methodology, variables,
sampled populations, and locations, offering vari-
ous opinions on the inclusion or exclusion criteria
[51, 92]. Major papers and findings are summarized
in Table 1.

The conundrum of air travel-related VTE
is that it constitutes a multifactorial disease [9].
Distance or length traveled, individual variables,
air travel conditions, passenger behaviors during
travel, and recent events prior to travel such as
trauma and surgery, all interact to produce differ-
ent outcomes [56]. Thus, it is very challenging to
identify the exact factors resulting in travel-related
VTE.

The great variety of study designs in the
literature is encouraging [56]. However, the vari-
ability in the study protocols has in some cases
impeded subsequent meta-analyses [53]. Numer-
ous studies do not meet the criteria for inclusion
to meta-analyses (such as the MOOSE guidelines)
and thus are unable to contribute to the existing
literature [53, 93]. Chandra et al. [53] reported is-
sues with study design, in particular regarding the
use of control participants. The idea that control
participants should be similar to the case patients is
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Table 1. Major papers on air travel-related venous thromboembolism (VTE).

Authors Year Study type Findings
Ferrari et al. [90] 1999 Case control Travel is a risk factor for VTE
Kraaijenhagen et al. [91] 2000 Case control No association between VTE
and long-distance travel
Arya et al. [51] 2002 Case control DVT risk only increased in long-haul travelers
if additional risk factors are present
— prophylaxis recommended
Martinelli et al. [32] 2003 Case control Air travel doubles the risk for VTE,
and the presence of thrombophilia or oral
contraceptives increases the risk
16 and 14 times, respectively
Schwarz et al. [102] 2002 Cohort pilot Passengers with isolated calf vein thrombosis
reported other risk factors for thrombosis
Schwarz et al. [48] 2003 Cohort Flights longer than 8 hours double the risk for
isolated calf muscle venous thrombosis
Lapostolle et al. [6] 2001 Retrospective A greater distance traveled is a significant
contributor to air travel-related PE
Pérez-Rodriguez et al. [52] 2003 Retrospective Air travel is a risk factor for VTE, and its
incidence increases with the journey duration
Scurr et al. [7] 2001 Randomized trial Asymptomatic DVT in up to 10% of
long-haul air travelers. Wearing compression
stockings associated with a reduction
in asymptomatic DVT
Belcaro et al., 2001 Cross-sectional Flight related DVTs were found in individuals
LONFLIT 1 [59] who presented a high risk or sitting in the
window and central seats
Belcaro et al., 2001 Randomized trial Compression therapy (stockings) decreased
LONFLIT 2 [59] DVT incidence in long-haul flights
Cesarone et al., 2002 Randomized trial LMWH use almost eradicated
LONFLIT 3 [81] thrombotic events
Belcaro et al., 2002 Randomized trial Scholl Flight Socks are effective in controlling
LONFLIT 4 edema and reducing DVT incidence in low
Concorde Edema-SSL [103] to medium risk subjects on long-haul flights
Cesarone et al., 2003 Randomized trial Sigvaris Traveno Stockings are effective in
LONFLIT 4 controlling edema in long-haul flights
ECO-TRAS [71]
Cesarone et al., 2003 Randomized trial Kendall Travel Socks are effective in controlling
LONFLIT 4 edema and reducing DVT incidence in
Concorde DVT Edema [104] low- and medium-risk subjects
Belcaro et al., 2003 Randomized trial Scholl Flights Socks are effective in reducing

LONFLIT 5 JAP [70]

DVT incidence in high-risk subjects

DVT — deep vein thrombosis; LMWH — low-molecular-weight heparin; PE — pulmonary embolism

erroneous because individuals who develop VTEs
or DVTs will always have more risk factors for the
disease than those who remain disease-free [53].
This selection bias leading to the underrepresenta-
tion and, therefore, incorrect conclusions requires
attention for future studies [53].

The literature shows a reliance on the D-dimer
to determine the presence of DVT. For instance,
in the New Zealand Air Traveler’s Thrombosis
study, only participants with elevated D-dimer
scores were included for further investigation
[89]. Having a high sensitivity, D-dimer levels are

well established, although the false positive rate
for other conditions compromises their specificity
[94]. Furthermore, a third of the 878 subjects had
been administered ASA. Hence, it was suggested
that either the patients taking ASA were at high-
risk for VTE, or the ASA falsely elevated D-dimers
due to gastritis [55]. In another study, 12 subjects
were evaluated for asymptomatic thrombosis
detected by ultrasound. In 6 of these subjects, no
elevation in D-dimer was observed. However, the
authors note that the short half-life of D-dimers
(6 h) and the long time (up to 48 h) between the
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end of the journey and collecting blood samples
could be contributing factors [7]. Schwarz et al.
[48] noted 11 out of 27 DV'T5, or isolated calf mus-
cle vein thromboses, to have elevated D-dimers.
In fact, the high negative predictive value of the
D-dimer was reportedly so high that it has been
clinically used to exclude DVT in low-risk patients
[95]. Even though the role of D-dimers as a VTE
marker has been well investigated, its continued
role should be revised [28, 55].

Although using venography to detect DVTs is
considered a gold standard by some researchers,
others consider its use unethical in asymptomatic
patients. Therefore, alternative methods, such as
duplex ultrasonography, have also been used [7].
However, there is a potential to underestimate
thromboses due to the specificity, which is report-
edly between 79% and 99% [7]. Furthermore,
duplex ultrasonography sensitivity and specificity
decrease for distal DVT when compared to veno-
graphy [94].

The variability in the time in which the DVT
presents (from during the flight to several weeks
after) poses a challenge for capturing data out-
side the normal ranges [53]. Optimal timing of
ultrasound scans then should be considered when
investigating travel-related VTE. In the BEST
study, compressive ultrasonography (CUS) was
used in addition to D-dimers to improve detection
accuracy. However, most participants declined the
CUS after the journey. Only half of the participants
who presented elevated D-dimer agreed to a CUS.
Additionally, because the scans were performed
on arrival, it was not possible to detect develop-
ing thrombi. Interestingly, 90% of subjects with
elevated D-dimers reported no VTE symptoms in
the follow-up 6 months later [55].

Participant attrition can affect the statistical
power of the study. Because the literature largely
depends on volunteer recall, many subjects do not
continue with subsequent phases of the research.
Dropouts due to flight connection problems or
other non-medical issues have the potential to af-
fect results, depending on the study design, e.g. in
LONFLIT 1 and 2, out of the original 1663 partici-
pants, 1577 subjects did not complete the study [59,
92, 96]. Another study by Belcaro et al. [60] showed
that only 198 out of 244 individuals completed the
study due to logistical problems. Critically, the size
of the dropout effect may be difficult to determine.
Although it is conceivable that participants will be
tired after the journey and dropouts may occur for
a multitude of reasons, every possibility to retain
subjects should be explored.
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Recall bias can be managed with careful study
design [28, 53]. Although difficult to eliminate,
recall bias from questionnaires can be decreased
with clear guidelines and timely administration of
questionnaires [32]. Particular items, such as the
exact amount of water/alcohol/fluid intake and the
amount of inflight exercise, are available only from
the most determined research subjects.

The varying length and duration of flights may
need to depend on randomization of data for mean-
ingful statistics [92]. The unpredictable nature of
flights and airborne delays or re-routing, which
can be difficult to report accurately, may result in
inaccuracies in the subsequent analyses.

It is vital then to conduct a series of large in-
ternational collaborations where uniformity in data
collection methodology and consistency in study
designs can definitively capture the correct data. To
date, the BEST study is an example of such a col-
laboration, where subjects flew directly from point
A to point B, with data collection at both locations
eliminating the concern regarding stopovers [6, 92].
In terms of recall biases, the aforementioned large-
scale studies could even involve airlines through
flight attendants, who could remind the participants
to record the datapoints at the best junctures.

Pre- or post-surgery considerations
Endothelial damage can be a proponent for
platelet aggregation, causing thrombus formation
and increasing the risk of VTE after surgery. It
is possible that the danger of VTE is enhanced
when surgery and long-haul travel are combined.
In fact, the risk of VTE increases nearly 20 times
in passengers who had a surgery within a 3-month
period [25]. Conversely, in a study involving 1465
total joint arthroplasty patients, 220 traveled by
air at a mean of 2.9 days after the surgery and
demonstrated no differences between flying and
non-flying patients. The study concluded that air
travel following total joint arthroplasty is safe
[97]. Furthermore, another study also found that
preoperative air travel did not influence the risk
of VTE after total hip and knee arthroplasty [98].
A case report described a 37-year-old male
who traveled from Europe to the USA for elective
pelvic surgery. Six days postoperatively, the man
died from an acute pulmonary embolism despite
having heparin prophylaxis [99]. The authors sug-
gested he had developed a DVT during travel and
the symptoms appeared following the surgery.
However, the patient did present additional VTE
risk factors, including heavy smoking, obesity, and
dehydration due to pre-operative preparations [99].
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Indeed, long-haul travel prior to a major surgery
increases the risk of perioperative VTE [99].

COVID-19: Authors’ perspectives
When is it safe to travel long distances by

air given a previous COVID-19 infection? The

thrombotic risk in COVID-19 is well documented,
and in many cases, it is a determinant of disease
severity or fatality [100, 101]. However, to begin
answering this question, the issue of the severity
with which the individual suffered from the disease
should first be evaluated. The introduction of vac-
cinations brings yet another set of uncertainties
to the equation, which adds much complexity to
the issue. This question unfortunately cannot be
answered scientifically without data and large-scale
studies, as described in the previous sections.

Given the fluidity of the situation and the amount

of new information being learned about the disease

every week, the authors are hesitant and reluctant
to provide any real opinions.

In any case, exercising the rule of “best
judgment” and conservative management, we
recommend that those previously infected with
COVID-19 wait at least 6 months after resolu-
tion of the disease. This includes cases of long
COVID-19 where it is not advisable to travel at all
until disease-free. Furthermore, flights in these
individuals should be limited to less than 6 hours
duration. Should the essential need for longer
journeys arise, it is advisable to arrange multi-stop
journeys with a travel break in between. Lastly, the
general methods of VTE prevention as described
in this review should be strictly followed:

— Take pharmacological prophylaxis under direc-
tion of the individual’s physician;

— Choose an aisle seat if possible and/or seat
with more legroom;

— Strictly adhere to on-board airline guidance
regarding DVT prevention strategies, i.e.
calf exercises, periodic foot movements, and
frequent ambulation;

— Drink plenty of water and refrain from alcohol,
coffee, or other diuretics before, during, and
after the flight;

— Purchase and wear recommended compressive
flight stockings as directed.

Conclusions

Great interest in the literature regarding air
travel-related VTE reflects global trends. The con-
ditions in which people travel by air over long dis-
tances are likely to facilitate VTE formation, most

frequently in higher-risk individuals with predispos-
ing factors. As such, preventative measures should
be evaluated to decrease the possibility of develop-
ing VTE in at-risk individuals. It is likely that as
aresult of lockdowns and travel restrictions imposed
throughout the pandemic, the post-COVID-19
era may well see a sharp rise in air travel as bor-
ders reopen. Because long-distance airline travel
1s mostly international, larger prospective research
on an international level should be supported. In
particular, studies relating to individuals with post
SARS-CoV-2 infection, infection severity, and vac-
cination effects will be of exceptional value.
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Abstract

Prostacyclin and analogues are successfully used in the treatment of pulmonary arterial hypertension
(PAH) due to their vasodilatory effect on pulmonary arteries. Besides vasodilatory effect, prostacyclin
analogues mnhibit platelets, but their antiplatelet effect is not thoroughly established. The antiplatelet
effect of prostacyclin analogues may be beneficial in case of increased risk of thromboembolic events, or
undesirable in case of increased risk of bleeding. Since prostacyclin and analogues differ regarding their
potency and form of administration, they might also inhibit platelets to a different extent. This review
summarizes the recent evidence on the antiplatelet effects of prostacyclin and analogue in the treatment
of PAH, this is important to consider when choosing the optimal treatment regimen in tailorving to an
ndividual patients’ needs. (Cardiol ] 2021; 28, 6: 954-961)

Key words: prostacyclin analogues, pulmonary arterial hypertension, platelets,

antiplatelet effect, thrombosis, bleeding

Introduction

Since 1935 when prostaglandin was isolated
for the first time [1], many scientists have focused
on a thorough study of arachidonic acid transforma-
tion products and their various biological functions.
One of the major prostaglandins is prostacyclin
(PGI,), which was discovered by John R. Vane in
1976 [2]. Endogenous PGI, binds to prostacyclin
receptor (IP) on pulmonary vessels smooth muscle
cells and platelets. Activated IP receptor induces
production of cyclic adenosine monophosphate
(cAMP), which activates protein kinase A (PKA)
and results in smooth muscle relaxation, inhibi-
tion of platelet aggregation and reduction of cell
proliferation [3]. Synthetic PGI, analogues have
a similar effect on cells as does natural PGIL,.
Nowadays, PGI, and its analogues are being used
due to their vasodilating, antithrombotic and an-

tiproliferative effects [4]. The main indication for
PGI, and analogues is advanced pulmonary arterial
hypertension (PAH) and peripheral vascular disor-
ders [5]. Treprostinil, iloprost and beraprost are the
most frequently used prostacyclin analogues [4].
Selexipag is a non-prostanoid IP receptor agonist
and a promising new alternative for classic PGI,
analogues [6].

As PGI, analogues vary depending on the
way of administration, pharmacokinetics, binding
and affinity for IP receptors, they may also inhibit
platelets to a different extent [5]. These differences
result in various side effects and complications
associated with the of PGI, analogues and impli-
cate the need to tailor the treatment according to
a patient’s individual needs. Because the inten-
sity of antiplatelet effect of PGI, analogues have
not been clarified, choosing the best therapeutic
option for individual patients at high risk, or with
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Table 1. Receptors for prostacycline and its analogues on platelets.

Receptor G-protein coupled Effect of activation Agonist

DP [25, 49] Gs cAMP ¢ epoprostenol, iloprost, treprostinil

IP [23, 24, 25, 48] Gs > Gq cAMP ¢ epoprostenol, iloprost, treprostinil,
beraprost, selexipag

TP [22] Gg > Gs = Gi cAMP | | iloprost

EP; [23, 24] Gi > Gg = Gs cAMP | epoprostenol, iloprost, beraprost

cAMP — cyclic adenosine monophosphate

a history of thrombosis or bleeding remains chal-
lenging. This review (i) describes the role of PGI,
in hemostasis, (ii) summarizes the recent evidence
on the antiplatelet effect of PGI, analogues in the
treatment of PAH, and (i11) provides recommen-
dations regarding the choice of the optimal PGI,
analogue in case of thrombosis or bleeding.

Role of prostacyclin in hemostasis

PGI, plays a prominent role in hemostasis,
both due to its effect on vascular endothelium,
smooth muscle cells and platelets. When a blood
vessel wall is damaged, collagen and von Wille-
brand factor (vWF) are exposed enabling platelets
adherence to the subendothelium and granule
content release [7]. Thromboxane A2 (TxA2) and
adenosine diphosphate (ADP) released from, or
produced by activated platelets contribute to plate-
let aggregation, which temporarily repairs vascular
injury. ADP also induces the conformation change
of glycoprotein (GP) IIb/IIla type receptor, allowing
binding of fibrinogen to GP IIb/IIla and cross-link-
ing of the adjacent platelets. The released calcium
ions (Ca*") bind to phospholipids that are exposed
on the surface of activated platelets and provide
a co-factor for the assembly of coagulation factors,
facilitating thrombus formation [8]. The processes
of primary hemostasis are counteracted by PGI,,
which is a thromboxane receptor antagonist. The
main task of PGI, is to limit the coagulation to
the small area where it is needed, and to sustain
patency of the blood vessel [9].

Following platelet-rich thrombus formation,
further steps include activation of plasma coagula-
tion factors and formation of crosslinked fibrin by
two pathways: extrinsic and intrinsic. The extrinsic
pathway is activated by the tissue factor (TF) ex-
posed by vessel injury and released from platelets,
which is necessary for activation of factor VII. The
complex consisting of Ca**, TF and factor VII can
then activate factor X, which starts the common
pathway [10]. In the intrinsic pathway, factor XII is

activated by contact with the damaged vascular sur-
face, high molecular weight kininogen and kallikrein.
This complex initiates the cascade of activation of
factor XI and IX. The next step is the activation of
factor X, which starts the common pathway. Finally,
factors Xa, Va and Ca** form a complex that converts
prothrombin to thrombin, which then converts
fibrinogen to fibrin to form a fibrin polymer. After
that, plasma transglutaminase (factor XIII) stabilises
the clot. Although PGI, is not directly involved in
clot formation, appropriate platelet aggregation is
a prerequisite for clotting. Hence, PGI, may affect
secondary hemostasis and clot formation as well.

Prostacyclin receptors

Prostacyclin receptors (IP) are seven-trans-
membrane G protein-coupled receptors, exposed
on vascular smooth muscle cells and platelets [11].
The main characteristics of the IP receptors are sum-
marized in Table 1. There are four types of IP recep-
tors on platelets: IP, DP, TP, and EPs. The IP and DP
receptors have anti-aggregatory effects, whereas the
TP, EP;have pro-aggregatory effects [12].

Figure 1 shows the function of IP and DP re-
ceptors. The IP receptor works in two ways. First,
it activates Gs protein, associated with adenylyl
cyclase (AC) to produce cAMP [13], resulting
in phosphorylation of the vasodilator-stimulated
phosphoprotein (VASP) by protein kinase A. VASP
suppresses the activation of the membrane GP IIb/
/Illa, thus preventing platelet aggregation [14].
Second, IP activates Gq protein [15]. Activation of
Gq protein stimulates phospholipase C to synthe-
size second messengers which increases the intra-
cellular Ca®* concentration. Increases Ca** reduces
the amount of cAMP, which might facilitate platelet
aggregation [16]. However, the Gg-mediated effect
of PGI, is less significant, so that the net effect of
PGI; binding to IP receptor is anti-aggregatory. The
DP receptor activates Gs protein only, therefore
raising the intracellular cAMP concentration and
potentiating platelet inhibition.
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Figure 1. Effects of activation of IP and DP for prosta-
cyclin receptors on platelets; abbreviations — see text.

TP receptor affects the activity of three
G proteins: Gq protein strongly, and both Gi and Gs
in a less significant way. Since the effect of TP on
Gi and Gs are contradictory, the net effect of this
receptor is executed via Gq protein, resulting in
reduced cAMP concentration and a pro-aggregatory
effect [17, 18]. However, the TP receptor can also
form heterodimers with the TP receptor [19]. The
IP-TP heterodimer function is similar to the IP re-
ceptor (anti-aggregatory), since the TP compound
is overpowered. The EP; receptor activates the
same G proteins as TP receptor, but most signifi-
cantly the Gi protein, resulting in reduced cAMP
and platelet aggregation [20].

Due to the fact that the IP receptors have both
anti- and pro-aggregatory modes of action, the net
clinical effect (thrombosis and bleeding) of PGI, and
analogues are difficult to predict. Recently, there
has been a search for a substance, which would
specifically bind to the IP receptor, resulting in the
introduction of selexipag [21]. Selexipag has a much
higher affinity to platelet-inhibiting receptors (IP
and DP), and none to platelet-activating receptors
(TP and EP,). However, whether this specificity is
associated with a higher bleeding tendency remains
to be investigated.

Differences in pharmacodynamics
and pharmacokinetics of
prostacyclin and analogues

PGI, and analogues are available in paren-
teral and oral form. Different routes of adminis-
tration result in differing pharmacokinetics of each
drug. PGI; and analogues are primarily metabolized
by cytochromes P450 in the liver, especially by
CYP2CS8. Selexipag is the only PGI, analogue which
has an active metabolite. Short half-life of PGIL, and
analogues often requires continuous infusions by
external or implantable intravenous infusion pumps.
Epoprostenol, iloprost and beraprost bind both to the
antiaggregatory IP and DP receptors and to the pro-
aggregatory EP; [22-24]. Iloprost also binds to the
pro-aggregatory TP receptor [22]. Treprostinil binds
only to the anti-aggregatory IP and DP receptors
[25]. Selexipag is a specific IP receptor agonist [24].
Consequently, the route of administration, metabo-
lism of PGI, and analogues and their binding profile
may define their side effects, including thrombosis
and bleeding. The comparison of pharmacokinet-
ics, pharmacodynamics and side effects of the most
commonly used drugs PGI, analogue are thoroughly
summarized in Table 2.

Table 2. Comparison of pharmacokinetics, side effects, contraindications of the most commonly used

drugs which target the prostacyclin pathway.

Drug' Route of Pharmacokinetics Side effects related Side effects not related
administration to the route of to the route of
administration administration
Epoprostenol i.v. infusion Bioavailability: 100% Bleeding Anorexia
[50, 51] (Flolan®, Metabolism: Infection Diarrhoea
Veletri®) Spontaneous (catheter-related) Dizziness
degradation in blood Malfunction of the Flushing
Enzymatic infusion pump Headache
degradation Pain Hypotension
in the liver Sepsis Jaw pain
Elimination: Thromboembolic Musculoskeletal pain
Mainly urine (84%) event Nausea
T < 6 min Vomiting

Tachycardia
Vasodilatation
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Table 2 (cont.). Comparison of pharmacokinetics, side effects, contraindications of the most commonly
used drugs which target the prostacyclin pathway.

Drug’ Route of Pharmacokinetics Side effects related Side effects not related
administration to the route of to the route of
administration administration
Treprostinil s.c. infusion® Bioavailability: 100% Abscess Bleeding
[62, 53, 54] (Remodulin®, Metabolism: Bleeding/bruising Diarrhoea
Tresuvi®, Degradation in the liver Infection (infusion Dizziness
Trepulmix®) (primarily CYP2C8) pump-related) Headache
Elimination: Malfunction of the Hypotension
Mainly urine (79%) infusion pump Jaw pain
T%22-4 h Pain Nausea
Other site reactions Edema
(erythema, induration, Vomiting
rash) Tachycardia
Vasodilatation
i.v. infusion® Bioavailability: 100% Abscess
(Remodulin® Metabolism: Bleeding/bruising
Tresuvi®) Degradation in the liver Infection
(primarily CYP2C8) (catheter-related)
Elimination: Malfunction of the
Mainly urine (79%) infusion pump
T% 2-4 h Pain
Sepsis
Thrombophlebitis
Other site reactions
(swelling, paraesthesia’s,
erythema, induration,
rash)
Inhalation Bioavailability: 64-72% Cough Diarrhoea
(Tyvaso®) Metabolism: Epistaxis Dizziness
Degradation in the liver Hemoptysis Flushing
(primarily CYP2C8) Nasal discomfort throat Headache
Elimination: irritation Nausea
Mainly urine (70%) Throat pain Tachycardia
T% 3-4 h Wheezing Vasodilatation
p.o. Bioavailability: 17% Abdominal discomfort Flushing
(Orenitram®) Metabolism: Diarrhoea Headache
Degradation in the liver Nausea Jaw pain
(primarily CYP2C8) Vomiting Hypokalemia
Elimination:
Mainly urine (70%)
T/ 1-15h
lloprost Inhalation Bioavailability: 63% Cough Diarrhoea
[65] (Ventavis®) Metabolism: Epistaxis Dizziness
Oxidation in the liver Hemoptysis Flushing
Elimination: Nasal discomfort throat Headache
Mainly urine (68%) irritation Hypotension
T/2 20-30 min Throat pain Insomnia
Jaw pain
Nausea
Vomiting
Tachycardia
Vasodilatation
Beraprost p.o. Bioavailability: 50-70% Diarrhoea Flushing
[56] (Beraprost®) Metabolism: Nausea Headache
Degradation in the liver Increased bilirubin,
Elimination: lactate dehydrogenase,
Mainly faeces (75%) triglycerides
T7/2 30-40 min
Selexipag p.o. Bioavailability: 49% Diarrhoea Anaemia
[34, 57] (Uptravi®) Metabolism: Decreased appetite Arthralgia
Hydrolysis in the liver Nausea Headache
and intestine Vomiting Hyperthyroidism
(primarily CYP2C8) Flushing
Elimination: Myalgia
Mainly feaces (93%) Rash
T/23-4 h

'Contraindications to the use of any of the PGl, analogues: heart failure with reduced left ventricular ejection fraction, severe hepatic impairment
(Child Pugh class C), concomitant use of strong inhibitors of CYP2C8 (e.g. gemfibrozil), hypersensitivity to the drug; *The preferred administration
route of treprostinil; *External or implantable intravenous infusion pump

www . cardiologyjournal.org

957



Cardiology Journal 2021, Vol. 28, No. 6

Thrombosis and bleeding during
prostacyclin and analogues therapy

Epoprostenol

Epoprostenol not only inhibits platelet reac-
tivity, but also decreases platelet count [26]. It
was reported that epoprostenol induces thrombo-
cytopenia in 35-65% of patients [27, 28]. Hence,
bleeding complications may occur during treatment
with epoprostenol. For example, among 31 patients
with idiopathic PAH (i(PAH), who were treated both
with epoprostenol and anticoagulants, 11 bleeding
episodes occurred (35%), 9 of which were alveo-
lar hemorrhages [29]. However, the concomitant
anticoagulation may have biased the results. In
a prospective, randomized, multicenter, open-label
clinical trial which compared the efficacy of the
continuous intravenous infusion of epoprostenol
on top of conventional therapy versus conventional
therapy alone in 81 patients with severe iPAH
(New York Heart Association [NYHA] class III or
IV), 4 out of 41 patients treated with epoprostenol
(9.8%) experienced bleeding at the catheter site,
and 1 experienced a thrombotic event (paradoxi-
cal embolism) [30]. However, the rate of bleeding
and thrombotic events in the control group were
not reported [30]. Herrero et al. [31] described
3 cases of severe PAH in pregnancy, treated with
epoprostenol and complicated with thrombocyto-
penia, caesarean section wound hematoma and
postpartum hemorrhage. Louis et al. [32] described
3 cases of nontraumatic subdural hematomas dur-
ing treatment with PGI, and analogues (1 with
epoprostenol, 1 with iloprost and 1 with trepro-
stinil). However, all episodes occurred in patients
with low platelet count, and all patients received
concomitant anticoagulantion, making it impossible
to determine the real cause of bleeding events. Al-
together, it seems that epoprostenol may increase
the risk of bleeding. However, since the hitherto
studies were prone to confounding factors such
concomitant anticoagulation, lack of control group
and small sample size, more research is needed to
draw firm conclusions.

Treprostinil

In a prospective study including 860 patients
with PAH treated with subcutaneous treprostinil
with or without warfarin, the incidence of bleed-
ing was 35% (206/590) in patients on combined
therapy, and 42% (112/270) in patients only re-
ceiving treprostinil (13 severe, 29 moderate and
70 mild bleeding episodes) [33, 34]. Similarly, in
a double-blind, placebo-controlled, multicenter

trial comprising 470 patients with PAH, either
idiopathic or associated with connective tissue
disease or congenital heart disease, 34% patients
experienced infusion site bleeding or bruising with
treprostinil (79/233), and as much as 44% with
a placebo (102/236) during 12 weeks of treatment
[35]. The incidence of gastrointestinal (GI) bleed-
ing was only 0.01% (3/233) on treprostinil, and
2 out of 3 patients who experienced GI bleeding had
increased international normalized ratio (INR; 3.1
and 4.0). In another study, the estimated incidence
of GI bleeding with subcutaneous administration
of treprostinil was 1.3% [36]. However, in a case
series of 5 infants with PAH associated with chronic
lung disease and treated with subcutaneous trepro-
stinil, there were no bleeding or bruising episodes
[37]. Altogether, although the treatment with
subcutaneous treprostinil seems to be associated
with relatively high rate of small and local bleed-
ing, this rate was comparable to the placebo, which
implies an effect of the infusion system, but not the
drug itself. Recently, a double-blind, phase 3, ran-
domised controlled trial was conducted, where 105
patients with chronic thromboembolic pulmonary
hypertension, classified as non-operable, or with
persistent or recurrent pulmonary hypertension
after pulmonary endarterectomy, on chronic antico-
agulation were divided into high-dose (~30 ng/kg/
/min, n = 53) and low-dose (~3 ng/kg/min, n = 52)
of subcutaneously administered treprostinil. There
were no severe bleeding adverse events in the low
dose group and single episodes of hemoptysis and
hematoma in the high-dose group. Noteworthy,
3 (5.8%) episodes of epistaxis were observed in
the low-dose group, and only 1 (1.9%) episode in
the high-dose group, implying that the bleeding on
subcutaneous treprostinil is not dose-related [38].

Besides subcutaneous infusion, which is the
preferred administration route of treprostinil, it
may also be administered intravenously. In a retro-
spective, multi-center study involving 12 patients
with PAH treated with subcutaneous infusion of
treprostinil, with intolerable pain at the infusion
site, an intravenous infusion pump was implanted.
During the postoperative period, 4 (33%) patients
experienced a small hematoma in the implantation
site that required a single evacuation by puncture.
In 1 patient, puncturing of the pump area was
required 3 times due to a recurrence of the he-
matoma. However, this patient had concomitant
coagulopathy due to splenomegaly associated with
liver cirrhosis resulting in thrombocytopenia [39].
However, intravenous infusion might increase the
bleeding risk, although no head-to-head compari-
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sons between the routes of treprostinil administra-
tion are available.

The efficacy and safety of inhaled treprostinil
was evaluated in 9 patients with pulmonary hy-
pertension and concomitant chronic obstructive
pulmonary disease [40]. After 16 weeks of treat-
ment, none of the patients experienced a clinically
significant bleeding episode, and 1 patient reported
blood in sputum [40]. Hence, it seems that trepro-
stinil administered in inhalation may be safer than
administered subcutaneously or intravenously, but
the heterogeneity and small sample size of the
study groups require caution when interpreting
the results.

Iloprost

Intravenous iloprost was investigated in
a prospective study in 30 patients with systemic
sclerosis, leading to only 1 bleeding episode (in-
tracranial hemorrhage) during 3 years follow-up.
The same patient had previously suffered a central
retinal vein thrombosis [41]. Intravenous iloprost
was also evaluated in a randomized, placebo-
-controlled study in 300 patients as adjuvant to
surgery for acute ischemia of lower limbs, with
similar incidences of bleeding in patients treated
with iloprost and placebo at 3 month follow-up [42].
Inhaled iloprost, in turn, was used to treat PAH
due to preterm rupture of foetal membranes in
4 extremely low-birthweight neonates (23—
-25 weeks gestation, 448-645 gram weight) un-
der spontaneous breathing, supported by nasal
continuous positive airway pressure. There was
no prolonged bleeding incident noted in any of
the patients [43]. Altogether, it seems that both
intravenous and inhaled iloprost may be safe, but
there is too little data to draw firm conclusions.

Beraprost

In a prospective clinical trial comprising 308
patients with acute ischemic stroke, patients were
divided into an experimental group (n = 154)
treated with beraprost (40 ug, twice daily) on top
of acetylsalicylic acid (100 mg, once daily) and
a control group (n = 154) treated with acetylsalicylic
acid only (100 mg, once daily). Both treatment regi-
mens were administered orally and continued for
6 months after hospital discharge. At 6 months, the
coagulation parameters (activated partial thrombo-
plastin time, prothrombin time, INR and fibrinogen)
and bleeding rates were comparable between the
groups [44]. Similarly, in a prospective clinical
study including 55 patients with end-stage renal
disease on hemodialysis, beraprost (n = 23, 120 ug

per day) did not increase the rate of bleeding,
compared to the standard therapy (n = 32) [45].
Altogether, the preliminary data implicate that
treatment with beraprost does not increase the
rate of bleeding, but this conclusion needs to be
confirmed in future studies.

Selexipag

The GRIPHON (PGI, Receptor Agonist In
Pulmonary Arterial Hypertension) study took
place in 181 centres and was the biggest clinical
trial in patients with PAH. In this double-blind,
randomized, placebo-controlled study, the efficacy
and safety of selexipag was investigated in 1156
patients in different stadiums of PAH [21]. Selex-
ipag did not increase the rate of bleeding, including
gastrointestinal hemorrhage [46], and did not have
a substantial effect on platelet aggregation [47].
Based on this study, selexipag seems to be a safe
treatment regimen in PAH.

Discussion

PGI, and analogues are widely used in treat-
ment of PAH, but their antiplatelet effect and re-
lated bleeding complications are still insufficiently
investigated. Experimental data suggests that the
IP and DP receptors have antiaggregatory effects,
whereas the TP and EP; have pro-aggregatory
effects by modulating the intracellular concentra-
tion of cAMP [23-25, 48, 49]. Consequently, drugs
which bind to the IP and DP receptors only (trepro-
stinil, selexipag) are expected to have higher an-
tiplatelet activity than those which bind to IP, DP
and EP, receptors (epoprostenol, beraprost) and to
all receptors (iloprost). However, data from clinical
studies do not always comply with experimental
insights. For example, it seems that epoprostenol
and treprostinil may increase bleeding risk, es-
pecially if treprostinil is administered subcutane-
ously or intravenously [33-35, 39]. In addition,
arandomized controlled trial on 105 patients treat-
ed with treprostinil administered subcutaneously
showed that the frequency of bleeding complica-
tions was not dose-related [38]. On the contrary,
no increased bleeding tendency was seen with
iloprost, beraprost and selexipag. Hence, one could
consider avoiding epoprostenol and treprostinil,
and rather choose iloprost, beraprost or selexipag
in patients with increased bleeding risk, or with
a history of bleeding. However, since the hitherto
studies were prone to confounding factors such
concomitant anticoagulation, lack of control group,
small sample size and heterogeneity, the previous

www. cardiologyjournal.org 959



Cardiology Journal 2021, Vol. 28, No. 6

results should be interpreted with caution, and
more evidence i1s needed to draw firm conclusions.
Especially, large-scale, randomized clinical studies
to compare different PGI, analogues head-to-head
are urgently needed to determine the optimal
treatment regimen in patients with increased risk
of thrombosis or bleeding, tailored to an individual
patients’ needs.
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Abstract

Acute heart failure (AHF) syndromes are among the most frequent causes of hospitalization in the
elderly and put a heavy financial burden on healthcare systems, mainly due to high early readmission
rates. The understanding of AHF has evolved over the years from a significant hemodynamic failure
to a multi-organ disease in the course of which peripheral mechanisms such as dysregulated cardiore-
nal axis or inflammation also play essential roles. A few available observational studies investigating
won deficiency (ID) in patients hospitalized for AHF indicate that this comorbidity is more prevalent
than in chronic heart failure, and iron status presents some dynamics in these subjects. ID in AHF
predicts increased mortality, greater risk for early readmission and is related to prolonged hospitaliza-
tion. This paper reviews the results of the first multicenter, double-blind, randomized clinical trial on
ferric carboxymaltose in patients who were stabilized after an episode of AHF who had concomitant
ID (AFFIRM-AHF), and potential pathophysiological links between dysregulated ivon status and AHF

syndromes are discussed. (Cardiol ] 2021; 28, 6: 962-969)
Key words: acute heart failure, cardiac decompensation, iron deficiency, ferric

carboxymaltose

Introduction

Acute heart failure (AHF) syndromes con-
stitute one of the most frequent causes of hospi-
talization in the elderly and, analyzed in total, put
a heavy financial burden on healthcare systems in
developed countries [1-4]. Importantly, 30-day re-
admission rates exceed 25% in this patient popula-
tion and it has been demonstrated that among these
frequent early re-hospitalizations, a significant
proportion will also be due to heart failure (HF)
(recurrent episodes) [5]. From a clinical perspec-
tive, hospitalization due to AHF should always be
considered a highly important adverse health event
because such an episode represents the “inflection

point” [6] in the natural history of the disease.
The perception of AHF (in both observational
and interventional trials overrepresented by the
form of decompensation of pre-existing or de novo
heart failure — ADHF) has evolved over the years
from a hemodynamic failure (most frequently with
fluid overload/congestion) to a multi-organ disease
during which peripheral mechanisms such as dys-
regulated cardiorenal axis (acute “cardiorenal syn-
drome”) or systemic (pro-)inflammation also play
important pathophysiological roles [7, 8]. It needs
to be acknowledged that the unsatisfactory results
of randomized clinical trials (RCTs) investigating
short- to mid-term effects of different intravenous
(i.v.) vasodilators or cardiac calcitropes adminis-
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Table 1. Major large clinical trials investigating the impact of early pharmacological interventions in
acute on “hard” clinical outcomes (morbidity and mortality).

Trial acronym,
year of publication
[reference number]

Population

Intervention
and comparator

Outcomes analyzed
and results

SURVIVE, 1327 patients hospitalized

2007 [9] with ADHF requiring
inotrope agents

ASCEND-HF, 7141 patients

2011 [10] with AHF

TRUE-AHF, 2157 patients

2017 [11] with AHF

RELAX-AHF-2, 6545 patients

2019 [12] with AHF

Levosimendan (inodilator/

Nesiritide (vasodilator)
or placebo for 24 to 168 h

Ularitide (vasodilator)

48 h infusion of serelaxin
(vasodilator) or placebo
within 16 h after presentation

All-cause mortality
/cardiac calcitrope) at 180 days; NS

vs. dobutamine

Rate of re-hospitalization
for HF or death from any
cause within 30 days; NS

CV death during a median

or placebo for 48 h follow-up of 15 months; NS

Death from CV causes at
180 days; NS, and worsening
HF at 5 days; NS

AHF — acute heart failure; ADHF — acute decompensated heart failure; CV — cardiovascular; HF — heart failure; NS — not significant

tered in hospital to impact ‘hard’ clinical outcomes
in AHF (Table 1) [9-12] have highlighted the need
to search for other interventions than modulating
cardiac inotropy, fluid (re-)distribution or vascular
tone during the acute phase of the disease.
Indeed, available evidence from well-designed
clinical trials in AHF implies that the concept
of short but intensive support for cardiovascular
hemodynamics presumably does not impact mid-
-to-long-term morbidity and mortality significantly
in such patients. The only positive clinical trial in
the broadly understood setting of AHF refers to
subjects with acute decompensated heart failure
(ADHF) and diabetes who were assigned early
(before or shortly after discharge) to a chronic HF
(CHF) drug sodium-glucose co-transporter 2 in-
hibitor (sotagliflozin) vs. placebo [13]. Therefore,
there is still a need to test substances administered
as a specific intervention for this acute state to
improve outcomes. Moreover, it seems reason-
able that a potential pharmaceutical should first
act longer than in a hospital (ideally for weeks/
/months following one or a few easy administrations
during the acute phase). Secondly, it is essential to
target mechanisms involved in a complex AHF patho-
physiology other than hemodynamics [14].

Iron deficiency in the setting of acute
heart failure: Data from observational
studies and evidence from clinical trials

Iron deficiency (ID), defined as reduced se-
rum ferritin and/or transferrin saturation index
(TSAT, serum iron divided by total iron-binding
capacity), is highly prevalent in HF (in CHF it

affects up to 50% patients) and worsens both
symptoms and outcomes in these subjects inde-
pendently of anemia [15-17]. There is evidence
from multicenter, double-blind, RCTs (also aggre-
gated in a few meta-analyses) that in patients with
CHF with reduced to mid-range ejection fraction
and concomitant ID (defined as serum ferritin
< 100 ug/L or 100-299 ug/L if TSAT < 0.2) the
administration of i.v. ferric carboxymaltose (FCM)
improves exercise capacity, symptoms and the
quality of life [18-21]. A few available observational
studies investigating ID in patients hospitalized for
AHF (Table 2) indicate that this comorbidity not only
may even be more frequent in this clinical setting,
but also iron status presents somewhat dynamics in
AHF (Table 2) [16, 22-27].

Not surprisingly, ID in patients with AHF pre-
dicted increased mortality, greater risk for early
unplanned readmission, and prolonged in-hospital
stay. Although there were attempts to define ID
more precisely and pathophysiology-oriented in
AHF [16], most observational studies on the preva-
lence of ID in AHF used classical iron biomarkers
implemented from CHF — serum ferritin and TSAT.
Regarding i.v. iron therapy in patients hospitalized
for AHF data was limited until recently. In one
small RCT PRACTICE-ASIA-HF conducted in two
centers in Singapore yielding a total number of 50
patients hospitalized due to ADHE, there was a trend
towards greater distance in 6-minute walking test
distance over the 12-week study period in subjects
given a single-dose FCM pre-discharge compared
to placebo, and the drug was well-tolerated [28].

AFFIRM-AHF trial (NCT02937454) was de-
signed to investigate the effects of i.v. FCM on
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Central illustration. Positioning and beneficial effects of intravenous (i.v.) ferric carboxymaltose (FCM) therapy in
patients with heart failure (HF) and iron deficiency (ID) based on published randomized clinical trials.

morbidity and mortality in iron-deficient patients
hospitalized for AHF [29]. In this multicenter,
multinational, double-blind RCT, more than 1100
patients aged > 18 years who were hospitalized
for AHF (with reduced or mildly reduced in-hos-
pital left ventricular ejection fraction [LVEF], i.e.
< 50%) and had ID detected during index hospitali-
zation (standard definition implemented from neph-
rology through RCTs in stable HF bhased on serum
ferritin and TSAT) were randomized before hospital
discharge (after achieving clinical stabilization) in
a 1:1 proportion to receive i.v. FCM or placebo for up
to 24 weeks (dosing based on ID severity) [30]. The
primary outcome in the trial was a composite of total
hospitalizations for HF and cardiovascular death
up to 52 weeks. Although the primary endpoint did
not reach the statistical significance (293 primary
events in FCM arm vs. 372 in the placebo group with
a rate ratio [RR] of 0.79, 95% confidence interval
[CI] 0.62-1.01, p = 0.059), there were fewer HF
hospitalizations in an active treatment arm (217 total
hospitalizations in FCM group vs. 294 in subjects
assigned for placebo [RR 0.74; 95% CI 0.58-0.94,
p = 0.013]) [30]. Notably, such therapy resulted in
clinically meaningful beneficial effects on health-
-related quality of life (assessed using Kansas City
Cardiomyopathy Questionnaire) as early as 4 weeks
after the first dose of iron, lasting up to week 24
[31]. Additionally, based on a modeling methodology,

it has been estimated that FCM is homogeneously
cost-effective in patients with AHF in different coun-
tries characterized by variant healthcare system
design [32]. Based on the results of the AFFIRM-
-AHF trial in the recently published 2021 European
Society of Cardiology Guidelines for the diagnosis
and treatment of AHF and CHF [33], the indica-
tions for i.v. iron supplementation with FCM have
been extended beyond stable, CHE. Namely, such
therapy should be considered in symptomatic HF
patients with LVEF < 50% and ID (guidelines rec-
ommend the definition based on serum ferritin and
TSAT — see above) and recently hospitalized for
HF to improve symptoms and reduce the risk of HF
hospitalization — as an element of peri-discharge
management (class or recommendation Ila, level
of evidence B) [33]. The guidelines also emphasize
the need to actively screen for ID and anemia in all
subjects with HF by clearly recommending the as-
sessment of iron parameters (ferritin and TSAT as
well as hemoglobin concentration/complete blood
count) regularly (class of recommendation I, level
of evidence C) [33].

Acute heart failure and iron deficiency:
Pathophysiological links

The concept of modulating adverse clinical
trajectories after an episode of acute HF (Cen-
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tral illustration) in terms of improving indices of
morbidity and mortality by administering i.v. iron
already in-hospital after clinical stabilization is
based on a few (patho)physiological assumptions.
There have also been discussions regarding, e.g.,
the appropriateness of the definition of ID in AHF
borrowed from stable HF or the safety of such
intense iron load in an acute setting.

Analogously to CHE, the exact mechanisms
of clinical benefits of i.v. iron (FCM) after an
episode of AHF are not fully elucidated. The
one hypothesized mechanism is linked with the
energetic hypothesis of AHE. It emphasizes the
critical involvement of iron in energy genera-
tion within all types of cells/tissues. Indeed, the
chemical properties of iron warrant its crucial
role in comprehensive cellular energetics through
effective mitochondrial respiration [34]. Apart
from oxygen transportation and storage as the
constituent of hemoglobin and myoglobin, iron is
an element of two key groups of proteins involved
in cellular energy production — hemoproteins
(e.g., cytochromes), and non-heme iron-contain-
ing proteins such as citric acid cycle enzyme
aconitase [35, 36]. Just as stable HF is associated
with a chronic cardiac energetic dysfunction and/
/or deficit, AHF is characterized by a rapid en-
ergetic imbalance within the myocardial muscle.
Chronic (stable) HF has long been associated with
energetic disturbances within the heart as a muscle
that is undeniably energetically demanding [37, 38].
The so-called “metabolic remodeling” of a chroni-
cally failing heart is visible functionally in terms
of abnormal substrate utilization and impaired
metabolism of high-energy phosphates and struc-
turally through abnormal mitochondria that present
with decreased biogenesis [39, 40]. For AHE which
is an acute and particularly dynamic process, less
data is available, even experimental data. In one of
the few available animal models of a pacing-induced
decompensated HE in dogs developing severe HF in
this (patho)mechanism rapidly (within a few weeks),
metabolic derangements were already observed in
terms of substrate utilization shift in favor of glucose
at the expense of free fatty acids [41]. Some informa-
tion can also be obtained from hearts explanted dur-
ing the orthotopic transplantation to treat refractory
HF from life indications. The morpho-functional and
energetic end-stage state of these organs reflects the
acute phase of cardiac dysfunction in AHF/ADHE For
example, Leszek et al. [42] have demonstrated a nota-
ble reduction in left and right ventricular myocardial
iron content in 33 explanted failing hearts compared
to 11 non-failing organs.

Historically, depleted iron has been associ-
ated with anemia. However, experimental and
clinical evidence shows that 1.v. iron therapy in
HF is about more than just elevating hemoglobin
concentration. Moreover, this intervention exerts
therapeutic effects longer than hours/days fol-
lowing its administration. It is worth noting that
parenteral iron supplementation is simpler com-
pared to infusion of vasoactive drugs/inotropes
(requiring supervised and blood pressure-guided
control of infusion in the setting of an acute cardiac
care unit). Characteristics mentioned above of i.v.
iron is known from clinical trials on FCM in stable
HF with reduced ejection fraction (HFrEF) with
concomitant ID. For example, in the CONFIRM-
HF trial demonstrating sustained beneficial effects
of FCM on functional capacity in subjects with
HFrEF and ID during the 1-year study period, as
much as over 75% of patients assigned for FCM
required only 1-2 administrations of the study drug
at week 0 and optionally at week 6 [19]. Impor-
tantly, FCM brings clinical benefits in HF patients
with concomitant ID regardless of anemia [21].
How i.v. iron improves functional capacity in HF
has not been fully elucidated (oral does not work
due to poly-etiological low absorption). We have
proposed an explanation that i.v. iron could im-
prove the functioning of skeletal muscles [43-45].
Charles-Edwards et al. [46] have demonstrated in
an interventional study that in iron-deficient CHF
patients, iron repletion indeed can improve skeletal
muscle energetics (assessed in vivo using phos-
phorus magnetic resonance spectroscopy). Still, it
is unknown whether such a mechanism may play
a role in the myocardial muscle.

Until recently, it was not unequivocally clear
if the CHF definition of ID would be appropriate
for AHF patients (whose iron status is dynamic to
some extent, as mentioned previously) in terms
of differentiating potential beneficiaries of i.v.
iron therapy group vs. subjects not requiring i.v.
iron. There were also some doubts whether the
definition of ID in AHF could be firmly based on
serum ferritin, an acute phase reactant protein, and
whether ferritin-guided referral for i.v. iron (the
threshold for ID: < 100 ug per litre or 100-299
with TSAT < 20%) will be appropriate in AHF
analogously to stable disease. The latter for cutoffs
above were introduced based on nephrology exper-
tise. Although not fully understood, hyperferritine-
mia in the course of inflammation (e.g. progressive
bacterial infection leading to septic shock) is con-
sidered a protective mechanism through diverse
immunomodulatory and anti-microbial effects [47].
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There is no doubt that AHF is related to increased
inflammatory processes within the organism. The
roles of diverse circulating inflammatory biomark-
ers are still discussed for direct pathogenesis of
acute myocardial dysfunction and the subsequent
injury of other organs such as kidneys and lungs
or liver [48]. The magnitude of systemic inflamma-
tion in the course of AHF is less expressed than,
e.g., in sepsis. For example, in the sub-analysis
of the ASCEND-HEF trial investigating the effects
of vasodilator nesiritide vs. placebo in more than
7 thousand patients hospitalized for AHE, it was
demonstrated that high sensitivity C-reactive pro-
tein is significantly increased within the first days
of index hospitalization, followed by the general
decline through the first month after admission
(median concentrations for baseline, 48-72 h,
and 30-day follow-up: 12.6, 11.0, and 4.7 mg/L,
respectively) [49]. Regardless of some doubts if
CHEF definition of ID will be valid for AHF subjects,
another question arose if such therapy will be safe
as in chronic, stable conditions. Cellular iron status
is tightly controlled as cellular viability represents
a U-shaped relationship with amounts of iron. Some
authors express their doubts whether an intensive
iron load is unequivocally safe in terms of potential
overproduction of reactive oxygen species in par-
ticular tissues [50]. The results of the AFFIRM-
-AHF trial confirm the safety of FCM in patients
hospitalized for AHF and add to our knowledge
regarding clinical benefits of i.v. iron at different
stages of the natural history of HE

Conclusions

In the AFFIRM-AHEF trial recruiting subjects
with AHF and ID, there have been demonstrated
treatment benefits of i.v. iron beyond what is known
about the chronic stage of HE, namely the adminis-
tration of FCM vs. placebo initiated pre-discharge
has been shown to reduce the risk of HF hospitali-
zations. The exact mechanisms of how intravenous
iron improves outcomes in this clinical setting are
not fully understood. Further translational research
is needed to elucidate the acute and long-term
myocardial vs. peripheral effects of such therapy.
The results of sufficiently powered (to assess the
impact on morbidity and mortality) RCTs on i.v.
iron in chronic HF with ID is awaited.
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During the past year, the fast-spreading new
coronavirus disease 2019 (COVID-19) [1] has led
to the outbreak of a pandemic that has changed our
lives. The increase in the overall mortality [2] re-
sults from the viral infection itself but also derives
from the lack of access to vital medical treatments,
and the health systems being utterly challenged
by the worldwide pandemic. On top of this, social
distancing and travel limitations have impeded the
physical presence of proctors during innovative
procedures in developing centers, reducing the
spread of medical knowledge and patients’ access
to cutting-edge technologies.

The idea of telemedicine and remote proctor-
ing emerged already in the pre-covid era [3], as
a solution to uneven distribution of up-to-date
medical treatments in the modern-day world. In
cardiology, there are reports on successful tele-
proctored catheter-based atrial fibrillation (AF)
ablations [4] and transcatheter aortic valve implan-
tations [5]. However, to our knowledge, there are
no reports on cryoballoon (CB) remote-proctored
AF ablations. We believe that CB technology is

perfectly suited to remote training thanks to its
“single-shot” feature and reduced operator depend-
ency compared with other AF ablation techniques.

At the beginning of the pandemic, a CB ab-
lation proctor affiliated to the Department of
Cardiology of the Medical University of Lublin,
Poland (A.G.) was scheduled to visit the Cardiac
Center in Uzhhorod, Zakarpattia Oblast, Ukraine,
to provide expert support with the first-in-site
CB AF ablation procedures. Considering the con-
secutive waves of the pandemic, we decided to
perform the cases with the “remote-presence”
technique [3]. To ensure maximum safety and ef-
fectiveness of the training, two main issues had
to be addressed: the on-site presence of a skilled
operator, and a high-quality, real-time audiovisual
connection. The first issue was overcome by invit-
ing an operator experienced in classic AF ablation
from the Amosov National Institute of Cardiovas-
cular Surgery in Kyiv, Ukraine (M.P.), who had no
travel restrictions within Ukraine. The second was
solved by arranging a pre-procedural “sham” (no
patient-involved) remote ablation, which allowed
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Figure 1. Visual transmission scheme between the operating room in Uzhhorod, Ukraine (left panel) and virtual
operating room in the Medical Simulation Center in Lublin, Poland (right panel) with all live screens available to the
operator and the proctor. Additional transmission of a high-definition operating field view is important to closely

monitor all the operator’s maneuvers.

us to test the audiovisual connection between
the virtual operating room (vOR) in the Medical
Simulation Center in Lublin (Poland) and the real
operating room (rOR) in the Cardiology Clinic
at Uzhhorod (Ukraine), separated by a distance
of 400 km, which showed that we had a reliable
high-resolution real-time audio-visual connection
between the two centers. Dell™ (Dell Inc., US)
and Apple™ portable computers (Apple Inc., US)
together with compatible external camera-micro-
phone units, smartphones (iPhone XS, Apple Inc,
US), and a dedicated protected health information
(PHI-secure) Zoom platform providing end-to-end
256-bit encryption (Zoom Video Communications
Inc., US) with a backup Internet connection were
used to ensure audio-visual communication. In
the vOR in Poland, the transmitted images from
the EP system (CardioLab, GE Prucka, US), fluor-
oscopy screen (Philips Healthcare, Amsterdam,
Netherlands), cryoconsole (Medtronic, USA), and
the operation site view were combined in one
60-inch high-resolution flat screen (LG Corp.,
South Korea) to provide the proctor with full au-
diovisual access to the procedure (Fig. 1). Three
patients with paroxysmal symptomatic AF were
recruited for remotely proctored CB ablation. The
patient characteristics and procedural data are
presented in Table 1. All CB-based pulmonary vein

isolation procedures were performed in accordance
with European Society of Cardiology guidelines [6],
as thoroughly described previously [7, 8].

We present herein a first report on remote
proctoring of CB-based AF ablations. The proce-
dures were performed by an experienced point-
-by-point AF ablation operator under the remote
guidance of an experienced cryoballoon ablation
operator. All pulmonary veins were isolated, and
there were no complications.

We believe that there are multiple advantages
of a tele-proctoring approach. The most important
1s that it overcomes travel limitations and cuts
travel expenditures [9], ensuring the access to
novel cutting-edge procedures to virtually any
place with access to a fast and reliable Internet
connection [10]. Secondly, it eases the search for
an available proctor. With fast Internet connec-
tion and readily available technical equipment,
remotely-proctored services can be provided even
by a quarantined physician, who otherwise would
not be able to conduct any medical procedure —
either on-site or remotely.

The key disadvantage of remote-presence-
-based teleproctoring is the lack of the physical
presence of the proctor in the operating room.
In the case of potential difficulties, he/she cannot
take over the case with his/her own hands. This
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Table 1. Patients’ characteristics and procedural data of the remotely proctored cryoballoon ablations.

Patients’ characteristics

Patient Age Sex EHRA score LA diameter [cm] LVEF [%]
55 Male 2b 4.5 63
2 48 Male 3 4.1 60
3 60 Male 2b 4.3 56
Procedural parameters
Patient Procedure time LA dwell time Fluoro time Number of PVs Complications
[min] [min] [min] isolated
165 110 24 4/4 No
2 130 35 18 4/4 No
3 160 57 20 4/4 No

EHRA — European Heart Rhythm Association; LA — left atrium; LVEF — left ventricular ejection fraction; PVs — pulmonary veins

essential disadvantage can be, however, turned
into an important benefit. Firstly, even with on-
site proctoring for novel techniques, the trainee
is usually a highly qualified operator, who should
easily manage all procedure-related complications.
Apparently, this is even more true with remote
proctoring, which will result in the finest trainee
preparation. Secondly, being aware of an atten-
tive, yet not physically present proctor, and thus
realizing that the procedure outcome depends
literally on his/her own hands, the trainee might
acquire the specific skills faster, which may result
in a steeper learning curve. Our case series of
remote monitoring of CB ablation demonstrates
that teleproctoring in cardiac electrophysiology
can be easily performed. However, its feasibility
and safety are yet to be demonstrated, and further
data are needed.
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Atrial fibrillation is related to higher mortality
in COVID-19/SARS-CoV-2 pneumonia infection
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Coronavirus disease 2019 (COVID-19) due
to a novel coronavirus (CoV-2) has rapidly spread
worldwide, with over 110,7 million cases and
2.4 million deaths have been reported globally as of
February 25", with 420,000 new cases and nearly
10,000 new deaths reported over the last 24 hours [1].
Cardiac involvement in COVID-19 patients has been
described and associated with worse outcomes [2]
and atrial fibrillation (AF) has been correlated with
ventilator use and increased mortality [3]. The aim
of the present study was to assess the impact of AF
at admission on outcome in all-comer COVID-19
patients admitted to the Emergency Department
of Modena University Hospital.

We retrospectively analyzed the patients
diagnosed with COVID-19 pneumonia (symp-
toms, positive nasopharyngeal swab and typical
radiological feature) admitted to the Emergency
Department of Modena University Hospital from
March the 16" to April the 15™ 2020, after obtain-
ing local EC approval. Clinical data, including
outcome, were extracted from medical records.
12-lead ECGs with 25 mm/s and 1 mV/cm calibra-
tion and 0.05-150 Hz filter setting were recorded
and analyzed off-line. Continuous variables were
expressed as mean * standard deviation while
categorical data were expressed as absolute values
and proportions. The Fisher exact test and the
t-test or the Mann-Whitney U test were applied
as appropriate. Survival curves were plotted using
the Kaplan-Meier method with log-rank test and
COX-regression model was applied. Analyses were

performed with SPSS, Statistical Package for Social
Science) software (v26, SPSS Inc., Chicago, IL,
USA). For all the statistical analyses, a two tailed
p < 0.05 was considered significant.

Atrial fibrillation patients (30/201, 14.9%) were
older (78.5 = 12.6 vs. 66.8 = 14.4, p < 0.001),
with a more complex cardiovascular history (hy-
pertension [86.7% vs. 51.2%, p < 0.001], coronary
artery disease [CAD, 46.7% vs 12.4%, p < 0.001],
peripheral artery disease [20.0% vs. 5.9%,
p = 0.019] and chronic kidney disease [CKD 30.0%
vs. 10.1%, p = 0.006]) and positive myocardial
injury markers (troponin I 1042.7 + 4534.5 vs.
55.6 + 172.3 ng/L). The mean CHA,DS,VASc score
was 4.23 + 1.71vs.2.27 + 1.76,p < 0.001 (Fig. 1A).
AF-patients presented a 5-fold higher risk of
mortality (odds ratio [OR] 5.33, 95% confidence
interval [CI] 2.34-12.17, p < 0.001), which rose
12-fold (OR 12.74, 95% CI 3.65-44.48, p < 0.001)
for those with AF at 12-lead electrocardiogram
(ECG) at admission. Patients with the highest
CHA,DS,VASc score presented the highest rate of
mortality (Fig. 1B). After adjustment for confound-
ing factors such as age, sex, hypertension, CAD
and CKD, AF was confirmed to be an independent
predictor of all-cause mortality (hazard ratio 0.48,
95% CI 0.24-0.93, p = 0.030; Fig. 1C).

Electrocardiogram alterations, including AF,
are quite common in COVID-19 infection and re-
lated to worse clinical outcome [4]. AF is detected
in COVID-19 patients at 12-lead baseline ECG in
up to one fifth of the cases [5]. Particularly, new-
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Figure 1. A. Baseline characteristics; B. 30-day mortality rate according to CHA,DS,VASc score in atrial fibrillation (AF)-
and no-AF-patients; C. 30-day mortality according to presence/absence of AF after adjustment for age, sex, history
of hypertension, coronary artery disease (CAD) and chronic kidney disease (CKD); PAD — peripheral artery disease;

HR — hazard ratio; Cl — confidence interval.

onset AF has been related to worse cardiovascular
outcome [6]. These patients may benefit from
a more intensive treatment for primary prevention
of thrombo-embolic events, representing, among
all cardiovascular-diseased COVID-19 patients,
a high-risk group. Although further studies from
larger population cohorts are required to assess the
prognostic role of AF in COVID-19, these patients
are potentially fragile and vulnerable, character-
ized by a higher risk of death, thus suitable for
a careful clinical monitoring and more intensive
treatment [7]. The CHA,DS,VASc score may be
useful in further risk stratification of COVID-19 [8]
and early identification of AF with routine ECG
evaluation may be helpful in risk assessment and
therapy approach individualization.

As of today, COVID-19 infection treatment
is based on supportive therapies and mechani-
cal ventilation. Despite our small cohort size,
ahigher 30-day mortality was observedin COVID-19
patients with AF at baseline 12-lead ECG; thus,

routine ECG evaluation, in COVID-19 pneumonia,
may be helpful in risk stratification and therapeutic
approach targeting.
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Myocardial injury with an elevated concentra-
tion of cardiac troponins is a prevalent condition as-
sociated with increased in-hospital mortality in pa-
tients with coronavirus disease-2019 (COVID-19)
[1]. Myocarditis may be the underlying pathology
in some patients with COVID-19-related myocar-
dial injury. Additionally, a substantial proportion
of patients who have recovered from COVID-19
pneumonia present with persistent symptoms in-
dicating sustained cardiac involvement. Therefore,
it is of major clinical importance to investigate the
association between cardiac symptoms and possible
myocardial lesions in post-COVID-19 patients.

Cardiac magnetic resonance (CMR) is con-
sidered the gold standard to assess cardiac mor-
phology and function. Moreover, unlike other
imaging modalities, it allows for detailed tissue
characterization.

In this research letter, we report on the find-
ings of a pilot study including patients with a his-
tory of recent COVID-19 pneumonia confirmed
by a positive real-time polymerase chain reaction
test and referred to our outpatient post-COVID-19
cardiology clinic. This paper is focused on types

of lesions and their prevalence observed in CMR
imaging. The TRICITY-CMR trial was designed
as a prospective, cohort study including patients
presenting with symptoms suggesting the involve-
ment of the heart (e.g., chest pain, palpitations,
dyspnea). In all the study participants, extracardiac
etiology of symptoms seemed unlikely based on
available test results. We excluded patients with
any known previous cardiac pathology except
essential hypertension as well as those with con-
traindications for CMR imaging. Clinical data and
CMR imaging were analyzed. The study protocol
was approved by the local ethics committee, and
subsequently all patients provided informed writ-
ten consent. Patients were recruited between
December 2020 and March 2021. CMR was per-
formed on a 1.5-T scanner (Magnetom Aera or
Magnetom Sola, Siemens AG, Erlangen, Germany),
and the protocol included standard long-axis and
short-axis cine series for anatomy and functional
assessment, followed by cardiac parametric map-
ping (MyoMaps, Siemens Healthineers, Erlangen,
Germany) and late gadolinium enhancement (LGE)
(free breathing phase-sensitive inversion recovery,
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Figure 1. Typical lesions found in cardiac magnetic resonance examination in patients with a history of recent
COVID-19 pneumonia and symptoms suggesting cardiac involvement. A. Locally (blue arrows) increased T2 (left) and
T1 (middle) relaxation times pointing out areas of acute injury/ongoing inflammation, paralleled by subtle intramyo-
cardial areas of irreversible damage (inflammatory necrosis/fibrosis) as shown by late gadolinium enhancement (LGE)
(right) in a 63-year-old patient about 6 weeks post COVID-19 pneumonia. Global T2 relaxation time was 46 ms (the
institutional reference range: 39-49 ms) with local (arrows) increase (segmental ROl average values T2 = 52 ms in
the basal septal, T2 = 52 ms in the basal inferior, and 53 ms in the basal inferolateral segments). Global T1 value was
994 ms (the institutional reference range: 951-1035 ms) with local increase in the septum (1065 ms) as well as inferior
(1050 ms) and inferolateral segments (1056 ms); B. Examples of LGE patterns in the study group (blue arrows); Left:
Subtle subepicardial LGE in the basal inferior and/or inferolateral segment, representing the most common LGE pat-
tern in our post-COVID cohort; Middle: Intramyocardial areas of LGE in the basal septal, inferior, and inferolateral
segments; Right: Long-axis 3-chamber plane in the same patient, showing involvement of the basal inferolateral

segment and the posterior papillary muscle.

motion-corrected [PSIR MOCO] sequence) for tis-
sue characterization [2].

Fifty consecutive patients experiencing per-
sistent cardiac symptoms after recovery from
COVID-19 were included in the study. The mean
age of patients was 47.3 = 10.1 (range 27-69)
years, and 40% (n = 20) were men. Most of the
patients reported dyspnea (50%; n = 25) or fatigue
(836%; n = 18) as the predominant complaint.
Nearly one-third of the study participants (30%;
n = 15) had a previous history of hypertension,
and 14 (28%) individuals were obese. The mean
time from the diagnosis of COVID-19 infection
to the CMR examination was 51.5 + 28.0 (range
11-113) days. Twenty-one (42%) study participants
required hospitalization during the acute phase
of COVID-19 infection. Among them, 15 (71%)
required supplemental oxygen therapy, 5 (24%)
received remdesivir, 15 (71%) steroids, and 3 (14%)

were treated with convalescent plasma. Thirty-four
(68%) patients were qualified as moderately ill and
16 (32%) as severely ill.

Cardiac involvement was confirmed by CMR
in 30 (60%) patients. Reduced left ventricular (LV)
systolic function according to institutional thresh-
olds based on the literature [3] (i.e., LV ejection
fraction < 57%) was found in 4 (8%) patients.
None of the patients had reduced right ventricular
(RV) systolic function (i.e., RV ejection fraction
< 52% in men and < 51% in women) [3].

Late gadolinium enhancement was present in
30 (60%) patients. In this sub-group, 60% (n = 18)
had at least 2-segment involvement. Three-seg-
ment involvement was seen in 4 (13%) cases and
3 (10%) patients had 4-segment involvement. Most
LGE lesions were located at inferolateral (76%,
n = 23) and inferior (43%, n = 13) segments at
base. Additionally, among patients with LGE, in
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2 cases markedly elevated native T1 and T2 values
were shown, suggestive of ongoing myocardial in-
flammation. Small pericardial effusion was found in
1 patient. Figure 1 illustrates typical CMR findings
noted in our patients.

Importantly, our study demonstrated abnormal
CMR findings in the majority of symptomatic pa-
tients with recent COVID-19 pneumonia. The most
common finding was LGE, predominantly located
in the basal inferolateral or inferior segments.
A relatively low prevalence of active myocardial
inflammation with T1 and T2 myocardial mapping
was revealed.

Our findings correspond with a previously
reported high incidence of myocardial injury sec-
ondary to COVID-19 infection [1, 4]. Puntmann
et al. [5], in their study of 100 unselected patients
after recent COVID-19 pneumonia using CMR
imaging, showed cardiac involvement in 78% of
participants and ongoing myocardial inflamma-
tion in 60% of cases. These findings were inde-
pendent of preexisting conditions, severity and
overall course of acute illness, and time from the
original diagnosis. Positive LGE with patterns
typically occurring in myocarditis was described
in prior case reports and observational studies
in post-COVID-19 patients [5, 6]. It is worth em-
phasizing that the presence of LGE is considered
a strong predictor of adverse clinical outcome [7].
Additionally, recent CMR mapping techniques ena-
ble quantitative detection of myocardial edema, in-
flammation, or diffuse fibrosis. In our study group,
increased native T1 and T2 values suggestive of
ongoing myocarditis were observed in 2 (4%)
cases, similar to a previous report by Brito et al. [8]
and in contrast with the aforementioned study by
Puntmann et al. [5]. These apparent discrepancies
in the literature should be analyzed with all due
consideration regarding cohort characteristics
(e.g., age, co-morbidities, disease severity, time
from diagnosis). This also underlines the role of
the parametric mapping sequences because they
quantitatively assess ongoing inflammation and
can shed light on the evolution of COVID-19-re-
lated myocardial injury. It should be emphasized,
however, that mapping techniques are intrinsically
complex and can be methodologically challeng-
ing. Therefore, to provide reliable insight, they
must be utilized according to the guidelines, and
institution-specific reference ranges should be
established [9]. A prior study indicated that native
T1 and myocardial extracellular volume values
are independent risk factors of adverse clinical
outcomes in dilated cardiomyopathy [10].

The results of this pilot study indicate the
necessity of continued cardiological evaluation
of patients with persistent symptoms of possible
cardiac origin after recovery from COVID-19
pneumonia. Our findings confirm that persistence
of cardiac symptoms after COVID-19 recovery
may be related to the heart involvement. Future
research is needed to determine the potential
clinical significance of CMR findings observed in
post-COVID-19 patients.
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Severe coronavirus disease 2019 (COVID-19)
pneumonia associated with cytokine storm remains
a challenge for clinicians. It is usually complicated
by multiple organ dysfunction and despite optimal
contemporary therapy leads to high mortality.

In this research letter, we present 3 consecu-
tive patients with severe COVID-19 pneumonia
who between January and March 2021 were suc-
cessfully treated with tocilizumab (a humanized
antibody to the soluble interleukin-6 [IL-6] recep-
tor) added to the standard therapy. This treatment
was approved by the local ethics committee and
subsequently all patients provided an informed
written consent. On admission, all patients were
moderately/severely ill with predominant respira-
tory failure and markedly elevated C-reactive pro-
tein (CRP) concentration (Table 1). Therapy with
tocilizumab was initiated on day 1 in 2 patients and
on day 6 in the 3" one when he developed respira-
tory collapse requiring high flow oxygen therapy.
All patients received two doses of tocilizumab and
then their CRP concentration dropped on average
by 71%. Following administration of tocilizumab
combined with best known therapy, all patients
were slowly and continuously improving. They
all were discharged home in a relatively good
condition and at a short-term follow-up are mildly
symptomatic or asymptomatic.

The decision to use tocilizumab was based on
the promising results of randomized clinical trials
(RCTs) published since March 2020 [1-10]. The

largest and most recent study with the most spec-
tacular outcomes is the RECOVERY trial [1]. When
we treated our patients its results have only been
published as a preprint. This trial included 4,116
participants receiving invasive ventilation (14%),
non-invasive ventilation (41%) or usual oxygen
therapy (45%). All enrolled patients had oxygen sat-
uration < 92% and CRP concentration > 75 mg/dL.
Median CRP in the RECOVERY trial was 143 [in-
terquartile range 107-204] mg/L which is similar
to our patients. Additionally, 82% of patients in the
REVOVERY trial received systemic corticosteroids
at randomization. The primary endpoint (all-cause
28-day mortality) was substantially reduced in the
tocilizumab on top of standard care vs. standard
care alone group (29% vs. 33%, p = 0.007), with
consistent results in all predefined subgroups.
Significant reductions in terms of secondary end-
points were also achieved in tocilizumab-treated
patients (discharge from hospital alive within
28 days [54% vs. 47%], composite outcome of inva-
sive mechanical ventilation or death [33% vs. 38%]
and use of hemodialysis or hemofiltration [5% vs
7%]). Tocilizumab benefits were observed regard-
less of the level of respiratory support and were ad-
ditional to the benefits of systemic corticosteroids,
another class of anti-inflammatory agents. Also,
the results of two moderate size RCTs indicated
clinical benefits of tocilizumab. In the REMAP-
CAP trial conducted in critically ill patients with
COVID-19 pneumonia receiving organ support in
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Table 1. Characteristics of patients with severe COVID-19 pneumonia and respiratory failure treated

with tocilizumab.

Patient 1 Patient 2 Patient 3
Demographic data
Age [years] 61 61 70
Gender Male Female Male
Clinical characteristics and course, including respiratory status and support
Body mass index [kg/m?] 25 34 27

Bronchial asthma, acute
kidney injury (stage 1
according to KDIGO)

Comorbidities

Duration of symptom onset 7
to hospital admission [days]

Clinical status on 7 level 4
ordinal scale on hospital

admission

Extent of the involved lung 27*

tissue on CT [%]

Oxygen saturation on
admission [%]

90 then deterioration
to 75 on day 3

49.5

High flow oxygen through
a nasal cannula
[up to 60 L/min through

Minimal arterial pO, [mmHg]
Respiratory support

Type 2 diabetes mellitus,
diabetic neuropathy

Hypertension, paroxysmal
atrial fibrillation, history of
pulmonary embolism,
bronchial asthma, status
post colon cancer surgery

7 12

4 4

78 75
80 70
45.1 50.3

Supplemental oxygen
through a face mask
[up to 17 L/min through

Supplemental oxygen
through a face mask
[up to 17 L/min through

16 days] 11 days] 10 days]
Blood culture All negative (obtained twice in all patients)
Laboratory measurements on hospital admission
Lymphocyte count [G/L] 0.35 0.75 0.95
CRP concentration [mg/L] 137.1 209.7 169
Procalcitonin concentration 0.28 0.2 0.22
[ng/mL]
D-dimer concentration 35200 768 Not available
[ng/mL]
Creatinine concentration 1.44 (after patient hydration 0.94 0.94
[mg/dL] a decrease to 0.83)
Lactate dehydrogenase 720 454 Not available
activity [U/L]
Cardiac troponin T Negative Mildly elevated (0.055 ng/L) Negative
Pharmacotherapy during hospitalization
Treatment with Yes Yes Yes
dexamethasone (6 mg IV once daily) (6 mg IV once daily) (6 mg IV once daily)
Treatment with Yes Yes Yes

remdesivir (initiated on day 3)

Anticoagulation Prophylactic dose

of enoxaparin

Initiated on day 6 at the
dose of 600 mg IV which
was repeated on day 7

After 2™ dose a decrease
from 137 to 56 mg/L
on the 2™ day

Treatment with tocilizumab

Effect of tocilizumab
administration on CRP
concentration

(initiated on day 3) (initiated on day 1)

Rivaroxaban 20 mg/day Prophylactic dose

of enoxaparin

Initiated on day 2 at the
dose of 640 mg IV which
was repeated on day 3

Initiated on day 1 at the
dose of 720 mg IV which
was repeated on day 2

After 2™ dose a decrease
from 169 to 58 mg/L
on the 3™ day

After 2™ dose a decrease
from 209 to 40 mg/L
on the 3™ day
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Table 1 (cont.). Characteristics of patients with severe COVID-19 pneumonia and respiratory failure
treated with tocilizumab.

Patient 1 Patient 2 Patient 3

Ceftriaxone initiated on
admission and continued

Ceftriaxone initiated on
admission and continued

Ceftriaxone initiated on
admission then on day 2

Antibiotic therapy

changed for piperacillin/ for 10 days for 10 days
/tazobactam then on day 8
changed for meropenem
for 7 days
Hospital discharge and follow-up
Length of hospitalization 28 13 14

[days]

Clinical status at the end Discharged in a relatively good condition with the need of temporal low
of hospitalization flow oxygen supplementation at home

Length of follow-up [days] 53 26 31

Clinical status at the end
of follow-up

Fully recovered without
any respiratory failure

The need of temporary low flow oxygen
supplementation at home

*No control CT was performed after deterioration of the respiratory status as the patients was treated with high flow oxygen therapy and we
were not able to transport him safely without tracheal intubation; CRP — C-reactive protein; CT — computed tomography; KDIGO — Kidney
Disease: Improving Outcomes; pO, — partial pressure of oxygen; SpO, — oxygen saturation

intensive care units, treatment with the IL-6 recep-
tor antagonist (tocilizumab [n = 353] or sarilumab
[n = 48]) when compared with the control group
(n = 402) improved clinical outcomes, including
90-day survival [2]. Similarly, the EMPACTA trial
demonstrated superiority of tocilizumab (n = 249)
over placebo (n = 128) on the primary composite
endpoint of mechanical ventilation or death by
day 28, but without any improvement in mortal-
ity [3]. This study included only patients who did
not require mechanical ventilation at randomiza-
tion. Importantly, several small/moderate size (all
largely underpowered for assessment of hard clini-
cal endpoints) RCTs indicated a neutral effect of
tocilizumab on clinical outcomes [4-7], with some
minor benefits seen in the CORIMUNO-19 study
[5]. On the other hand, the TOCIBRAS trial was
stopped early after inclusion of 129 participants
due to a signal of increased mortality at 15 days
related to tocilizumab therapy (11/65 [17%] vs.
2/64 [3%]) [8]. This finding may be simply due
to chance, considering the very low mortality in
the standard care alone group. In all of the RCTs
discussed above, adverse events were not more
frequent in the tocilizumab vs. placebo/standard
care group [1-8]. Finally, an updated meta-analysis
of all available RCTs performed by the ROCOVERY
investigators shows all-cause mortality benefit in
patients hospitalized for COVID-19 pneumonia and
treated with tocilizumab added to usual care when
compared with the usual care alone group (rela-
tive risk 0.87; 95% confidence interval 0.79-0.96;

p = 0.005), with a substantial heterogeneity among
the included trials [1]. Furthermore, it is suggested
that tocilizumab may exert an additive beneficial
effect in remdesivir-treated patients [9], as was
used in the present case series.

Based on the totality of the research evidence
[10] and our clinical experience, we believe that to-
cilizumab is well tolerated and may be beneficial on
top of standard therapy if early initiated in patients
with COVID-19 pneumonia and both enhanced
inflammatory response and a large extent of the
involved lung tissue. However, further RCTs are
necessary to define best tocilizumab responders.
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Atrial fibrillation (AF) is a common comor-
bidity in transcatheter aortic valve replacement
(TAVR) recipients. The reported incidence of pre-
existing AF in this patient population ranges from
34% to 49%, while new-onset AF after TAVR is also
not rare (6.8-8.6%). Both carries with an increased
risk of mortality and stroke [1]. It is recognized
that the assessment of the left atrial (LA) and left
atrial appendage (LAA) anatomy and function has
important prognostic implications in AF and the
risk of stroke [2]. The relief from pressure overload
by TAVR might help in reverse remodeling of LA
and LAA, but no study to date has evaluated the
sequential change of these structures post-TAVR.
Such information should be of interest as bias ex-
ists when diagnosing new-onset AF by ambulatory
electrocardiogram or the ICD-9 code during any
re-hospitalization. Thus, the present study sought
to report our preliminary results on the 1-year
volume changes of LA and LAA post-TAVR.

The volume of LA and LAA were retrospec-
tively assessed, LAA morphology and take-off
position in 43 consecutive TAVR recipients due
to symptomatic severe aortic stenosis from multi-
slice computed tomography (MSCT) performed
pre-procedurally (referred to as pre-TAVR), post-
-procedurally before discharge (referred to as in-
hospital) and 1-year post-TAVR. This study was
approved by the institutional review board. Written
informed consent were obtained from all patients.

Acquisition and reconstruction of MSCT scans
in the documented center have been described pre-
viously [3]. Mimics 21.0 (Materialise NV, Leuven,
Belgium) was used to perform three-dimensional
reconstruction, segmentation and volume cal-

culation of LA and LAA in systole as previously
described [4]. LAA morphology was classified into
chicken-wing (CW) and non-CW type [5]. LAA posi-
tions were classified based on the superior aspect
of the LAA orifice with that of the left superior
pulmonary vein orifice as high, middle, or low [5].
Reverse remodeling was defined as an absolute
change in volume, while discordant remodeling
was defined as an increase in LAA volume but
a decrease in LA volume or vice versa. Baseline
characteristics and follow-up data were extracted
from a dedicated database.

Continuous variables were presented as mean
+ standard deviation or median (interquartile
range) as appropriate. Comparisons of volume
change at the three points in time were carried
by the Friedman M test and followed by post-hoc
pairwise multiple comparisons. Intra- and inter-
-observer reliability in measuring LA and LAA
volume were assessed in 10 randomly selected
patients from the cohort with intraclass correla-
tion coefficient (ICC). All computations relied on
commercially available software (SPSS IBMS v21;
SPPS Inc., Chicago, USA), with statistical signifi-
cance set at two-tailed 0.05.

The mean age of this cohort was 73.9 + 6.4
years. Female patients accounted for 41.9% of
this cohort. Procedural success was achieved in
all patients. A total of 7 (16.3%) patients were
documented with pre-existing AF. CW-type LAA
was 1dentified in 37 (86.0%) patients. There were
4.6%, 51.2% and 44.2% of patients with a high, mid
and low take-off of LAA, respectively. The volume
of LA decreased continuously during 1-year follow-
-up (pre-TAVR vs. in-hospital vs. 1 year: 122.0
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Figure 1. Left atrium (LA) and left atrial appendage (LAA) remodeling pattern post-transcatheter aortic valve replace-
ment (TAVR); A. Three-dimensional segmentation of LA and LAA; B. Serial changes of volumes of LA and LAA during
1-year follow-up post-TAVR;*Stands for reaching statistical significance in post-hoc multiple comparisons; C. The
distribution of different patterns of volume change in the LA and LAA post-TAVR.

[44.11mL vs. 104.5 [43.1] mL vs. 100.7 [33.6] mL,
p < 0.001), so did the volume of LAA (pre-TAVR vs.
in-hospital vs. 1 year: 11.0 [6.8] mL vs. 9.7 [4.6] mL
vs. 8.4 [6.3] mL, p = 0.001; Fig. 1). In post-hoc mul-
tiple comparisons, statistically significant differ-
ences in volume was detected between pre-TAVR
and in-hospital, but not between in-hospital and
1 year (Fig. 1). On an individual level, the propor-
tion of patients who experienced a continuous
decrease in LAA volume was numerically smaller
than that for LA volume (37.2% vs. 51.2%, p = 0.19;
Fig. 1, illustrating the distribution of 4 different
patterns of volume change). A total of 10 (23.3%)
patients showed discordant remodeling between
LA and LAA from pre-TAVR to in-hospital, while
the number was 17 (39.5%) from in-hospital to
1 year. At 1 year, a reverse remodeling from pre-
TAVR was achieved in 70% and 72% of patients for
LA and LAA, respectively.

Intra-observer reliability was excellent for
both LAA and LA volume (ICC 0.98, 95% confi-

dence interval [CI] 0.93-0.99; ICC 0.99, 95% CI
0.97-0.99). Inter-observer reliability was good
to excellent for LAA volume (ICC 0.94, 95% CI
0.78-0.99) and excellent for LA volume (ICC 0.99,
95% CI 0.91-0.99).

The major finding of this study was that TAVR
in general brought reverse remodeling of LA and
LAA. A more pronounced decrease was seen in
a short period before discharge than during the post-
discharge 1-year follow-up. This is consistent with
a previous study with echocardiography in patients
receiving surgical aortic valve replacement (SAVR)
for aortic stenosis [6]. However, a volume increase
of LA and LAA was observed at either in-hospital
from pre-TAVR or 1 year from in-hospital in roughly
more than half of the patients, suggesting a dynamic
but not constant change of LA and LAA remodeling
post-TAVR. Moreover, patients may have discordant
volume change between LA and LAA.

Atrial fibrillation is a comorbidity or com-
plication of outcome implications in the TAVR
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population, but the true burden of which is likely
underestimated during routine clinical care post-
procedurally. In a study involving patients who
received permanent pacemaker post-TAVR, a much
higher incidence of new-onset AF was detected
with data from device checks and 85% subclinical
new-onset AF was identified 4 weeks beyond TAVR
[7]. This finding illustrated current suboptimal
surveillance of subclinical AF and a consequent
underuse of anticoagulation therapy, which might
translate to a devastating stroke event. Given the
structural change of LA and LAA is involved in
the onset of AF and its subsequent stroke risk,
a follow-up on LA and LAA with readily avail-
able MSCT might provide another perspective to
this problem. As demonstrated in our study, not
all patients benefited from the relief of pressure
overload by TAVR and the process of reverse re-
modeling was sometimes dynamic and discordant.
LA volume index actually increased 1-year post-
SAVR in patients with a baseline index > 40 mL/
/m”* [8]. Around 23% of SAVR recipients remained
with left ventricular hypertrophy and LA dilatation
1 year after the procedure, which was associated
with a significantly lower survival rate at 3 years
[9]. Structural changes in LA and LAA may also
precede the development of AF and thrombus
formation. Thus, an early identification of patients
who would experience volume increase of LA and
LAA might contribute to patient management post-
TAVR. Further studies to correlate the imaging
findings with clinical characteristics and outcomes
are needed.
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Intracardiac ultrasound two-dimensional and
three-dimensional reconstruction for navigating
percutaneous left atrial appendage occlusion
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A growing portfolio of transcatheter proce-
dures for structural heart disease poses new chal-
lenges in imaging techniques. Left atrial appendage
closure (LAAC) represents a group of transcatheter
procedures in which imaging is essential, both for
guiding the procedure and as a tool for choosing
the right occluder size [1-3]. Transesophageal
echocardiography (TEE) has been the primary
method of peri-procedural imaging, but new solu-
tions are being sought to overcome its limitations.
Evaluation is subject to intracardiac echocardio-
graphy (ICE) and methods that allow the fusion
of images [4]. Only the use of ICE probes offering
two-dimensional (2D) images during LAAC proce-
dures has been evaluated so far. The current study
compares the effectiveness of guiding the LAAC
procedures employing the ICE 2D and ICE enabling
three-dimensional reconstruction (ICE 3D).

The single-center prospective registry of
LAAC procedures, included 330 consecutive pa-
tients with atrial fibrillation and contraindications
for oral anticoagulant drugs, were analyzed. The
preliminary selection included only LAAC pro-
cedures guided by both ICE 2D or ICE 3D. In
the population of 31 patients separated in this
way, LAAC procedures were performed using
Amplatzer Amulet occluder. In 24 patients, LAAC
was guided by the AccuNav 8 F probe enabling
only 2D images, and in the remaining 7 cases, by
the SoundStar 10 F probe, which enables 3D re-
construction. The left atrial appendage (LAA) was

imaged by placing the AccuNav probe into the left
atrium; for SoundStar probes, LAA images were
captured from both the right and the left atrium
in different atrial sections. Then the CartoSaund
system was used for spatial reconstruction of LAA.
All patients fulfilled the Amulet stability criteria
before the device’s release, as assessed by both
ICE and fluoroscopy.

After 6 weeks, TEE was performed to exclude
the leakage around the occluder and to assess if
the implantation effect was optimal (the entire
entrance to LAA covered with a disk without
leaving any pouch, occluder axis parallel to LAA
neck, separation between the device disk and lobe,
optimal compression of the device). Whether ICE
2D or ICE 3D guided the treatment was blinded for
the echocardiographer performing TEE.

Considering that the course and effects of
LAAC procedures are influenced mainly by con-
ditions related to the LAA anatomy and location
of LAA orifice, the assessment of the results ob-
tained with ICE 2D and ICE 3D was made based
on cases with similar features. For this purpose,
the propensity matching score technique was
used. The following variables likely to impact the
LAAC procedure were considered: the maximal
dimension of the landing zone, the depth of LAA,
the morphological type of LAA and the position of
the LAA orifice in relation to the pulmonary veins.
The matching was based on the optimal algorithm
method using Euclidean distances and was carried
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Table 1. Summary of matched intracardiac echocardiography (ICE) two-dimensional (ICE 2D) and ICE

three-dimensional (ICE 3D) group characteristics.

Variable Total 3D ICE 2D ICE P level
LA [mm] 41.64 + 3.93 40.29 + 3.99 43.00 = 3.65 0.118
LVEDD [mm] 49.6 = 7.967 46.71 = 9.32 52.57 + 5.53 0.159
LVESD [mm] 37.36 + 9.68 34.29 + 10.83 40.43 + 8.00 0.300
LVEF [%] 48.86 + 14.00 52.29 + 16.32 45.43 = 11.34 0.245
LZ min. dimension [mm] 16.86 = 2.96 15.71 = 2.87 18.00 = 2.7 0.235
LZ max. dimension [mm] 19.43 = 3.20 19.14 = 4.02 19.71 = 2.43 0.645
Ostium min. dimension [mm] 20.93 + 4.78 19.14 = 3.13 22.71 £ 5.68 0.176
Ostium max. dimesnion [mm] 24.36 + 3.52 23.29 + 3.50 25.43 + 3.46 0.270
LAA orifice area [cm?] 4.15 = 1.19 3.94 + 1.20 4.36 = 1.24 0.565
MV-LAA distance [mm] 12.64 + 3.27 12.00 + 3.42 13.29 + 3.25 0.515
LA depth [mm] 20.07 = 7.84 22.14 = 6.12 18.00 = 9.26 0.553
LAA morphology: 0.580

Cauliflower 1(7.14%) 0 (0.00%) 1(14.29%)

Chickenwing 11 (78.57%) 6 (85.71%) 5 (71.43%)

Windsock 2 (14.29%) 1(14.29%) 1(14.29%)
LAA orifice position: 0.565

Low 1(7.14%) 0 (0.00%) 1(14.29%)

Intermediate 7 (50.00%) 4 (57.14%) 3 (42.86%)

High 6 (42.86%) 3 (42.86%) 3 (42.86%)

LA — left atrium; LAA — left atrial appendage; LAAC — left atrial appendage closure; LVEDD — left ventricular end-diastolic dimension;
LVESD — left ventricular end-systolic dimension; LVEF — left ventricular ejection fraction; max. — maximum; min. — minimum;

MV — mitral valve; LZ — landing zone

out in a 1:1 ratio. The logistic regression model was
then examined to assess the quality of propensity
scores. A goodness-of-fit test (Hosmer-Lemeshow)
suggested good model fit y* = 4.031 (p = 0.909).
Statistical significance was verified by the y* test
for qualitative variables and the Mann-Whitney test
for quantitative variables. A p-value < 0.05 was
considered statistically significant. The calcula-
tions were made in the XLSTAT 2021 program.

Among all patients who underwent LAAC un-
der ICE guidance, the maximal landing zone diam-
eter was 21.36 = 4.0 mm, and the LAA depth was
24.10 = 7.9 mm. The most common morphological
LAA type was the chickenwing (n = 17, 54.84%),
followed by windsock (n = 10, 32.26%), cactus
(n = 3, 9.68%) and cauliflower (n = 1, 3.23%).
Considering the position of LAA orifice, the inter-
mediate origin was dominant (n = 15, 48.39%). The
high location of orifice was also often diagnosed
(n = 12, 38.71%), while the low type was sporadic
(n = 4, 12.9%).

The characteristics of the left atrium and the
LAA in subgroups selected based on the propensity
matching score are presented in Table 1.

In the ICE 3D group, the procedure duration
was significantly shorter (65.21 + 26.76 vs. 84.57 =
#+ 24.13 min; p = 0.005), and the radiation dose was
significantly lower (vs. 126.15 + 82.28 vs. 133.57 =
+ 1 17.36 mGy; p = 0.038), but the fluoroscopy
time was only insignificantly shorter (10.78 + 4.49
vs. 12.86 = 8.71 min; p = 0.136). There were no
severe complications during the procedures, and
they led to the effective elimination of LAA in
both groups. In short-term follow-up, all patients
survived, no strokes or bleeding complications
were found.

The occluder position was considered opti-
mal in 4 (57.14%) cases in the ICE 3D group and
6 (85.71%) in the ICE 2D group (p = 0.237). More-
over, a peridevice leak was more frequent in the
ICE 3D group (4 [57.14%] vs. 1 [14.29%]). There
were no incidents of device-related thrombus. De-
spite the SoundStar probe’s larger diameter, its use
was not associated with more frequent iatrogenic
atrial septal defect; 3 (42.86%) cases in ICE 3D vs.
5 (71.43%) cases in the ICE 2D group (p = 0.28).

To date, results of only a few studies evaluating
ICE used for imaging during LAAC have been pub-
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lished, all of them concerning guiding procedures with
probes which allow obtaining 2D images. It was dem-
onstrated that LAAC under ICE guidance is possible
and has high technical and procedural effectiveness
[5, 6]. Nevertheless, one of the limitations of this
method was the lack of 3D imaging. A new solution
has recently emerged that enables 3D reconstruc-
tions based on the signal from the ICE probe.

The present study confirmed the high ef-
ficiency of LAAC performed under ICE guidance
with AccuNav or SoundStar probes. The use of ICE
and also 3D probes is not associated with a higher
risk of peri-procedural complications. However,
the reconstruction of 3D images with Soundstar
1s time-consuming, which contributes to the more
frequent acceptance of suboptimal occluder posi-
tioning during the procedure. The study results
conclude that while ICE 3D and 2D imaging allow
for equally effective and safe monitoring of LAAC
treatments, the use of spatial reconstructions
obtained with the SoundStar transducer does not
bring additional benefits. Shorter procedure times
were often paid for by a suboptimal implantation ef-
fect and more frequent leakage around the occluder.

The main limitation of the presented work
is the small group size in which ICE was used.
Despite the validation of the propensity matching
score for the very small sample size, a bias error
in such cases increases and can also affect the
comparison results between the two groups [7].
Also, Soundstar probes allowed only for 3D re-
construction, while real-time 3D imaging would
probably impact this imaging technique’s more
favourable assessment.
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ST-segment elevation myocardial
infarction after COVID-19 reinfection:
The disseminated thrombotic process
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A 64-year-old man with no medical histo-
ry of coronary events was admitted due to a di-
agnosis of myocardial infarction with prominent
ST-segment elevation. He suffered from coronavi-
rus disease 2019 (COVID-19) 7 weeks prior (with
a subsequent negative test) as well as arterial
hypertension, type 2 diabetes, and obesity. Upon
admission, the PCR SARS-CoV-2 screening test
was positive anew. Coronary angiography showed
a thrombus in the left main (LM) coronary artery
with 90% stenosis (Fig. 1A-D). Distal segments of
the left anterior descending (LAD) artery and diago-
nal branch (Dg) were occluded by thromboembolic
material. After an intracoronary bolus of eptifibatide,
thrombectomy, and balloon angioplasty in LAD, the
operator decided to proceed with drug-eluting stent
implantation (Fig. 1E, F). In LM, an intervention was
completed without residual stenosis with Throm-

bolysis in Myocardial Infarction (TIMI) 3. The distal
segment of LAD and Dg remained TIMI 1 and 0,
respectively. Thoracic computed tomography dem-
onstrated specific pulmonary changes (Fig. 1G). An
echocardiogram showed a left ventricle (LV) ejec-
tion fraction of 44% and a thrombus in the LV apex
(Fig. 1H, I; Suppl. Video 1). Notably, there was no
atrial fibrillation in the past. On discharge, the pa-
tient was prescribed warfarin (international normal-
1zed ratio 2.0-2.5) with acetylsalicylic acid, and tica-
grelor for 3 and 12 months, respectively. A 3-month
follow-up revealed no recurrence of COVID-19 and
cardiovascular events. The control echocardiography
showed dissolution of the LV thrombus; therefore,
warfarin therapy was discontinued.

Herein, we present an elegant case reflecting
the potential need for an aggressive antithrombotic
treatment during and after COVID-19.
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Figure 1. A-D. Thrombus in the left main coronary artery (LM; arrow) and occlusion of the distal left anterior descend-
ing artery (LAD) and diagonal branch (Dg); E. Direct stenting technique in the LM; F. Proximal optimization of the
stent in the LM; G. Specific for COVID-19 interstitial post-inflammatory changes (arrow) in the lungs; H, I. Thrombus
(17 mm Xx 10 mm; arrow) in the apex of the left ventricle visualized in both apical 4- and 2-chamber view of transtho-
racic echocardiography; Cx — circumflex artery.
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Recanalization of in-stent chronic total occlusion
using intravascular lithotripsy and Firehawk®
rapamycin target eluting coronary stents:

A case report

Alexandru Patrascu, Jonathan Michel, Christian Templin

Department of Cardiology, University Heart Center,

University Hospital Zurich, Switzerland

A 73-year-old patient, who had undergone sev-
eral stent implantations of the right coronary artery
(RCA) after bypass graft failure, was referred for coro-
nary angiography (CAG) based on stable angina and
positive imaging stress test for inferior wall ischemia.
CAG showed in-stent restenosis of the proximal
RCA and chronic total occlusion (CTO) of the mid
RCA due to stent underexpansion (Fig. 1A, B).

After vessel intubation and tedious guidewire
advancement, pre-dilatations were performed
restoring a Thrombolysis in Myocardial Infarction
2 flow. As expansion of a 3.5 mm non-compliant
balloon was suboptimal but the lesion could be
crossed, intravascular lithotripsy was used in-
stead of rotational atherectomy, facilitating stent
deployment (Fig. 1C, D). Furthermore, the stents
implanted in the past were at least 6 months old,
so endothelialization was presumed, thus not jeop-

ardizing stent architecture. Therefore, 80 impulses
were administered to the proximal and mid RCA
upon inflation of the 3.5 X 12 mm Shockwave
balloon, followed by implantation of 3 Firehawk®
rapamycin target eluting coronary stents, ranging
in diameter from 2.75 mm to 3.5 mm, as previously
everolimus and zotarolimus eluting stents were
used (Fig. 1E, F).

The Firehawk® stent proved to be non-inferior
to an everolimus-eluting stent in the TARGET All
comers trial and has a fully biodegradable polymer,
the lowest drug dosage on the market, and an
excellent radial strength despite ultrathin (86 ug)
struts. This case demonstrates the importance
of intravascular lithotripsy in treating in-stent
restenosis, even in the presence of CTO. It also
highlights that the Firehawk® stent can be used for
management of complex lesions.
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Figure 1. A-F. Left column: Left anterior oblique view of the right coronary artery (RCA); Right column: Right anterior
oblique view of the RCA; notice long segments of stent under-expansion (yellow circles); Middle row: Restoration of
Thrombolysis in Myocardial Infarction flow 2 after balloon pre-dilatation and intravascular lithotripsy; Bottom row:
Final result after implantation of 3 Firehawk® rapamycin target eluting coronary stents.
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Rota-lithotripsy: A combination of rotational
atherectomy and intravascular lithotripsy
(Shockwaves) as a novel strategy for a rotablation-
-resistant lesion in a patient with ST-segment
elevation myocardial infarction
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A 71-year-old female was admitted to the
documented cath-lab with ST-segment elevation
myocardial infarction (STEMI) of the inferior wall.
Coronary angiogram revealed acute occlusion of
the right coronary artery without other significant
lesions (Fig. 1A). Percutaneous coronary interven-
tion (PCI) was performed by the right-radial ac-
cess, using the JR4.0 (6 F) Guide-Catheter. Initial
high-pressure (22 atm.) predilation with a non-
-compliant balloon (NCB) catheter 2.5 X 20 mm
was performed (Fig. 1B). Due to incomplete
expansion, the size of NCB was decreased to
2.0 X 15 mm (24 atm.) with unfavourable effect
(Fig. 1C). Afterwards, we switched to the 7 F right-
-radial access (JR 4.0) and despite use of an extra
support guidewire, subsequent guide extension
and additional anchor-balloon manoeuvre, we were
still unable to cross the lesion with the ShockWave
Intravascular Lithotripsy (S-IVL) balloon-catheter
(3.5 x 12 mm). Therefore, we exchanged a guide-

wire on the Rotawire-Extra-Support and performed
a successful rotational atherectomy (RA) with Ro-
tablator burr size 1.75 mm (Fig. 1D). Subsequently,
a high-pressure (22 atm.) inflation of a 3.5 X 15 mm
NCB was performed. Despite lesion preparation
with the RA, a significant “dogbone effect” was
still observed (Fig. 1E). Hence, we performed
the S-IVL using a 3.5 X 12 mm catheter. After
application of 40 ultrasonic pulses, full expansion
was obtained (Fig. 1F). Drug eluting stent 3.5 X
X 38 mm (16 atm.) implantation was followed by
a4.0 x 20 mm (20 atm.) NCB post-dilation. Finally,
a satisfying angiographic result was obtained, and
was confirmed by the optical coherence tomog-
raphy (minimal lumen area 8.06 cm®) (Fig. 1G-]).

According to available research, we are the
very first to present a well-documented successful
application of a complex advanced plaque-modify-
ing method (RA+S-IVL bailout PCI) in a subject
with STEMI via radial access.
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Minimal lumen
area 8,06 mm2

Figure 1. A. initial angiography acute occlusion of right coronary artery (RCA); B. Incomplete expansion of 2.5 X 20 mm
non-compliant (NC) balloon catheter; C. Angiography after restoring flow to RCA-heavily calcified culprit lesions;
D. Rotational atherectomy (RA) with Rotablator burr size 1.75 mm; E. “Dogbone effect” on NC balloon 3.5 X 15 mm
after successful RA; F. Full expansion of ShockWave Intravascular Lithotripsy catheter after 40 pulses; G. Final angio-
graphy after drug eluting stent (3.5 X 38 mm) followed by NC 4.0 x 20 mm post-dilation; H, I, J. Optical coherence
tomography demonstrating satisfying stent expansion and apposition.
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Percutaneous coronary intervention using
a mechanical circulatory support system with
an Impella centrifugal pump device combined
with subsequent cryoablation for atrial fibrillation
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A 63-year-old man was admitted to an inten-
sive care unit due to non-ST-segment elevation
myocardial infarction. He had a history of hyper-
tension, diabetes, coronary artery disease (CAD)
and underwent percutaneous coronary interven-
tion of the left circumflex artery and radiofre-
quency ablation of tricuspid isthmus in 2009 due to
a persistent atrial flutter. Transthoracic echocardio-
graphy showed a severely reduced left ventricular
ejection fraction (LVEF 25%) and severe mitral
regurgitation. The patient was qualified for urgent
coronarography which revealed advanced multives-
sel CAD (Fig. 1A, B).

The Heart Team decided to perform rotabla-
tion of the left anterior descending artery with
mechanical circulatory support using an Impella
centrifugal pump (CP) due to the high risk associ-
ated with a surgical procedure. The Impella CP
was introduced into the left ventricle through the
left femoral artery obtaining 4.0 L/min flow. The

procedure was effective and the blood flow marked
as grade 3 in the Thrombolysis in Myocardial
Infarction (TIMI) system was achieved (Fig. 1C).

Three weeks following his discharge, he ex-
perienced an episode of symptomatic paroxysmal
atrial fibrillation which led to exacerbation of heart
failure (class III according to the New York Heart
Association [NYHA] system). The decision was
made to urgently perform cryoablation of pulmo-
nary veins (Arctic Front Advance 2™ generation
28 mm) (Fig. 1D). Further hospitalization was
carried out without complications or recurring ar-
rhythmia. The patient was discharged in a stable
condition (class II of NYHA).

Mechanical circulatory support with an Impella
CP device allows for percutaneous procedures
in patients with a severely reduced LVEFE It was
proven that pulmonary vein isolation in patients
with heart failure with reduced ejection fraction
was a safe and feasible treatment modality.
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Figure 1. A, B. Initial coronarography: significant stenosis of the 6/7 segment and critical stenosis of the left anterior
descending artery (LAD) segment 8, a chronic total occlusion of the left circumflex artery (LCx) in the stent, occlusion
of marginal branch 1, a critically stenosed intermediate branch and chronic total occlusion of the right coronary artery
(RCA); C. The Impella centrifugal pump (CP) in left ventricle. The RCA was intubated through the right femoral access
with an EBU 4.0 6FrS guide catheter. The BHW introducer was used for the LAD. Predilatation of critical stenoses was
performed by means of 2.0 X 15 mm and 3.0 X 20 mm balloon catheters. Three Orsiro drug eluting stents (2.75 X 30 mm,
3.0 X 40 mm, 3.0 X 22 mm) were implanted without complications; D. During the cryoapplication in the upper left
pulmonary vein, the sinus rhythm returned.
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Percutaneous removal of a catheter
fragment from the right atrium

Arkadiusz Pietrasik®, Aleksandra Gasecka®, Adam JusSkiewicz®,
Piotr Lewandowski®, Daria Stelmach®, Janusz Kochman
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A 73-year-old woman treated with chemo-
therapy was admitted to the surgery department
due to the disruption and migration of a fragment of
a permanent port-a-cath (Ambix Intraport, Frese-
nius Kabi, Dublin, Ireland) to the right heart cham-
bers. At admission, the patient was asymptomatic
and in good general condition. Chest radiogram
confirmed the presence of the disrupted fragment
of the catheter within the right heart chambers,
in the right atrium and right ventricle (Fig. 1A).
Ultrasonography revealed no foreign bodies in the
right subclavian vein and within the subcutaneous
tissue under the right clavicle.

The patient was consulted within the local
Pulmonary Embolism Response Team (PERT) —
a multidisciplinary team designed to evaluate the
risk of acute pulmonary embolism and determine
the optimal therapy. Regarding the stable clinical

condition of the patient and the risk of iatrogenic
pulmonary embolism, which might result in hemo-
dynamic destabilization, the patient qualified for in-
terventional removal of the disrupted catheter frag-
ment. Percutaneous removal of the catheter was
attempted through the right femoral vein, using
the Exeter Snare ES 15 loop. The loop was placed
at one end of the catheter and tightened (Fig. 1B).
The catheter was moved sequentially into the
abdominal part of the inferior vena cava (Fig. 1C)
and removed through the femoral vein in one piece
(Fig. 1D, Suppl. Video 1). The disrupted part of
the catheter was not further fractured or damaged.
There were no complications following the proce-
dure. New port-a-catheter was re-inserted and the
patient was able to continue the chemotherapy.

Informed consent was obtained from patient
for publication of this case report.
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Figure 1. A. Chest radiogram made on admission showing fragment of the catheter within the right heart chambers
(arrow); B. The Exeter Snare ES 15 loop tightened at one end of the catheter (arrow); C. The catheter was moved
to the abdominal part of the inferior vena cava (arrow); D. Then relocated to the femoral vein and further removed

through it (arrow).
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The short P-wave — Is it really short?

Jakub Mercik', Aleksandra Gajek?, Jadwiga Radziejewska’®,
Agnieszka Stawuta®, Jacek Gajek’, Dariusz Koztowski®

"Department of Emergency Medicine, Wroclaw Medical University, Wroclaw, Poland

’Department of Cardiology, Klodzko County Hospital, Klodzko, Poland

*Department of Internal and Occupational Diseases, Hypertension and Clinical Oncology,

Wroclaw Medical University, Wroclaw, Poland

‘Department of Emergency Medical Service, Wroclaw Medical University, Wroclaw, Poland

*Department of Cardiology and Electrotherapy, Medical University of Gdansk, Poland

An 82 year-old woman with atrial flutter
and fibrillation (AF), currently in persistent AF,
has undergone radiofrequency-ablation of cavo-
tricuspid isthmus and electrical cardioversion
to restore sinus rhythm. Electrocardiogram (ECG)
after the procedure showed an unusual mor-
phology of the P-wave, which was examined
more closely. The ECGs are presented in the
Figure 1.

The complete Bachmann’s bundle block can-
not be recognized because no negative P-wave
deflection in inferior ECG leads is present, thus
we assume a fusion of concomitant activation of the
left atrium through the simultaneously activated
Bachmann’s bundle and coronary sinus. A more
speculative explanation is that the depletion of left
atrial cardiomyocytes is leading to a low amplitude
of the terminal P wave deflection [1].

A recent population study of 285,933 individu-
als assessed the P-wave duration and its clinical
importance. In the follow-up the authors observed
the development of AF and cases of death were
clearly related to a very short P-wave (< 89 ms).
The intermediate, long and a very long P-wave also

increased the risk of AF and death in comparison
to reference duration (90-110 ms) [2].

The standard ECG recording could contribute
to such measurement inaccuracies which would
be responsible for the category of ‘short P-wave’
and to the conclusions which are having a clinical
impact on many patients. In fact, there are in-
teratrial conduction disturbances and prolonged
P-wave duration. It should be suspected, especially
in the elderly with a history of atrial arrhythmia.
To address the issue, we suggest a paper speed of
50 mm/s and a double gain of 0.5 mV/10 mm.
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Figure 1. Twelve-lead electrocardiogram tracings; A. Paper speed at 50 mm/s and enhancement %X 16, the P-wave
duration of 112 ms, PR interval 216 ms, QRS complex duration 104 ms; B. Paper speed at 100 mm/s and enhancement
%32, the P wave duration of 120 ms, PR interval 228 ms, QRS complex duration 102 ms; C. Paper speed at 200 mm/s
and enhancement %64, the P-wave duration of 206 ms, PR interval 229 ms, QRS complex duration 99 ms. The vertical
lines mark the beginning and the end of the P wave in each setting. The arrow presents the real end of the P wave.
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The severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) has caused a severe threat
to the healthcare system and medical personnel
since the beginning of the pandemic [1]. The
vaccination program against coronavirus disease
2019 (COVID-19) has been in Europe for a long
period. After taking the preparation, some patients
have unfavorable post-vaccination responses. The
majority of them are minor, but they can be, in
individual cases, significant or severe. One of the
primary reasons why people do not take COVID-19
vaccinations is because they are afraid of the
negative effects. Myocarditis and SARS-CoV-2
infection are linked in a major way [2]. Myocarditis
is an uncommon side effect of mRNA immuniza-
tion, especially in younger and adult males, and
occurs most usually after the second dosage with
a 7-day gap. Myocarditis accounted for 0.4% of all
vaccine-related adverse events, according to an
observational analysis of 151.1 million persons who
had been vaccinated. The number of instances of
post-vaccination myocarditis was 0.95 per 100,000,
and 1.05 per 100,000 in younger men under the
age of 18, whereas in the whole population it was
expected to be 2.12 per 100,000 [3]. Two Israeli
studies estimate the risk of myocarditis after re-
ceiving the Pfizer-BioNTech injection, with one
estimating a two in 100,000 probability of acquir-
ing the illness. A total of 136 persons suffered
myocarditis after receiving the Pfizer—-BioNTech
COVID-19 vaccination in one trial of more than 5,1
million participants. Within 1 month of receiving
a Pfizer injection, 136 incidences of myocarditis

were detected, according to the study. Ninety-five
percent of the cases were mild, but one individual
died. After getting their second dosage of the
Pfizer—BioNTech vaccine, up to 4 in 100,000 males
experienced myocarditis, although the prevalence
for women was less than 1 in 100,000. In general,
fully vaccinated people were nearly twice as likely
as unvaccinated people to be diagnosed with myo-
carditis after their second dose, however, young
males aged 16-19 had a 15 in 100,000 risk of getting
myocarditis. The great majority of these incidents
were mild and addressed quickly. Myocarditis was
also more likely to develop after the second vac-
cination dosage than after the first, according to the
researchers [4]. Only 54 incidences of myocarditis
were found in the other trial, which included more
than 2.5 million participants who got the vaccine.
Also, they discovered that 2 out of every 100,000
persons who had at least one Pfizer injection suf-
fered myocarditis, with the rate rising to almost 11
out of 100,000 in males aged 16-29. Overall, mild
symptoms accounted for 76% of the cases, where-
as moderate symptoms accounted for 22% [5].
According to the CDC, the risk of myocarditis in
hospitalized patients infected with COVID-19 is
15.7 times higher than in individuals who have not
been exposed to the virus [6]. Furthermore, men
are more likely than women to acquire myocarditis
as a result of SARS-CoV-2 infection, with the risk
being highest in children under the age of 16 and
in the elderly over the age of 50. In adults 16 and
older, the danger of getting myocarditis is out-
weighed by the COVID-19 vaccination. Infection
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with SARS-CoV-2 was found to be 18 times more
likely to cause myocarditis in this age range in previ-
ous investigations, a substantially larger risk than
that reported after vaccination [7]. We should also
be aware of the consequences of LONG-COVID-19
illness, including the possibility of myocarditis [8].
Data from 1/5 of the United States population was
also evaluated, revealing that in the first 12 months
of the pandemic, men aged 12 to 17 years old were
most likely to have myocarditis within 3 months af-
ter COVID-19 infection, with an incidence of around
450 per million infections [9]. This is especially es-
sential since immunizations also protect against the
LONG-COVID-19 syndrome, COVID-19-induced
myocarditis, and consequences such acute renal
failure, arrhythmia, and thrombosis. The risk of
heart inflammation from the COVID-19 vaccine is
extremely low, and given the benefits of vaccination,
such as a significantly lower risk of hospitalization
and severe course, as well as a significantly higher
risk of developing myocarditis during the disease or
during the course of LONG-COVID-19, this should
not be a deterrent to vaccinate or cause concern
among the public and physicians. Failure to vaccinate
will result in more damage and a higher risk of myo-
carditis in the case of infection, which is extremely
likely given the current SARS-CoV-2 viral incidence.
We should not be scared of this vaccination since
it is the only effective form of protection against
COVID-19 presently available, especially because
it minimizes the chance of the virus mutating and
evading immune control [10]. Given the present
status of the pandemic, it appears that SARS-CoV-2
exposure is unavoidable.
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Cardiopulmonary resuscitation in COVID-19
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The coronavirus disease 2019 (COVID-19)
pandemic has caused and is still causing enormous
medical, social, economic and political problems.
New mutations, concerns about transmissibility,
vaccine resistance, vaccination rates in particular
professional and age groups, areas or countries,
as well as the capacity of health care systems and
individuals are a source of concern not only for
politicians, medical personnel, physicians but for
every member of society who is anxious about the
future [1-3].

The severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) pandemic, among its many
risks, also affects the risk of sudden cardiac arrest
during the illness, during recovery and thereafter [4].
Avoiding deaths associated with deterioration of
patient care due to an ongoing pandemic or the
coexistence of COVID-19 with other conditions,
including life-threatening conditions, is a signifi-
cant concern [5]. For medical personnel working
in both the in-hospital and prehospital setting,
cardiopulmonary resuscitation (CPR) in patients
with suspected or confirmed SARS-CoV-2 infection
is associated with several technical issues related
to the quality of chest compressions (CC) and the
performance of advanced resuscitation measures,
including airway management. The issue of re-
sponder safety is of particular importance: medical
personnel should always be expected to be fully
professional and to reduce the risk of infection,
but rescuers, bystanders, and witnesses should
also be considered based on their risk acceptance
to vaccination and the relationship between the
rescuer and victim. In first aid, it is acceptable
to perform CC alone without ventilation, but it
should be taken into account that even CC sig-
nificantly promote aerosol generation and may

increase the risk of infection for those providing
assistance [6].

Many medical personnel are willing to assist
regardless of the risk of infection or danger to the
rescuer, treating it as their mission, guided by
dedication and responding with compassion for
patients. An ethical attitude is essential to help
with commitment and reduce patients’ fears in
a skillful way. However, care must always be taken
to ensure that work is well organized and resources
are available to minimize the risks to medical staff.

A different issue is the qualification of patients
for treatment in the intensive care department/
/settings, including eligibility to attempt CPR and
the potential ethical dilemmas associated with
qualifying patients for advanced treatment when
equipment and medical staff and other resources
are limited [2]. Everyone has the right to appro-
priate treatment, and no one should be denied
available treatment — to the extent that medical
personnel and the health care system are able.
The availability of appropriate procedures for
health professionals to deal with the stresses on
the health system is a way to protect them from
the adverse effects of working in extreme condi-
tions. When considering ethical issues, elements
such as safety, accessibility, availability, and ability
should be taken into account and the patient’s real
chances in the context of risk factors, conditions,
and expected outcome [7, 8].

The qualification of patients for the initiation
of CPR, including its duration and timing of termi-
nation of resuscitation, should also be considered
in this regard. The use of personal protective
equipment may affect the quality and thus the
effectiveness of resuscitation actions undertaken
[9, 10]. Another problem is the availability of medical
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emergency teams, the possibility to reach the
scene of an accident in a short period when
the health care systems are heavily overloaded,
including the emergency medical services system
— the availability of ambulances is reduced. In a
hospital setting, the time of initiation of resusci-
tation actions may also be affected by the time
of arrival and donning of full personal protective
equipment.

It is worth noting that the ERC recommends
that medical personnel should be properly pro-
tected during CPR, i.e. wear airborne-precaution
personal protective equipment (PPE) including
gloves, long-sleeved gown, filtering facepiece 3
(FFP3) or N99 mask/respirator (FFP2 or N95 if
FFP3 not available) as well as eye and face protec-
tion (full-face shield/visor or polycarbonate safety
glasses or equivalent) [7]. Note that international
societies recommend that during resuscitation in
healthcare settings, resuscitation teams should
consist only of persons who have been trained in
the proper use of PPE and who have access to and
are provided with such equipment [7]. During CC,
the risk of generating aerosols is very high, and
airway management is also considered an aerosol-
generating procedure. Particular attention should
be paid to the use of high-quality filters connecting
the self-inflating bag, the mask and supraglottic
airway device or endotracheal tube to minimize
the risk of virus spread[7].

Unfortunately, with the observed trend in
the number and characteristics of patients with
severe COVID-19, consideration should be given
to performing CPR in children with SARS-CoV-2
infection, in whom cardiac arrest may be due to
respiratory or other causes. In general, similar
standards as for adults with SARS-CoV-2 infection
apply, but special attention should be paid to the
airway, airway management, and rapid recognition
of life-threatening conditions in the child.

The COVID-19 pandemic affects resuscita-
tion of both adults and children, organizational
and practical issues, particularly demanding the
organization and quality of the efforts undertaken.
Given the current epidemiological situation, every

practitioner must be prepared to perform CPR in
the specific circumstances accompanying with
individual protective measures and the associated
difficulties and limitations before such an event
occurs.
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COVID-19 are dangerous to the kidneys
in any situation, not only in a pandemic:
LONG-COVID-19 and kidney disease
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The severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) posed a major threat to
health care and medical staff from the start of
the epidemic, but its impact will extend beyond
this pandemic and into the future [1]. The kidney
is one of the organs that has been infected with
SARS-CoV-2. Podocytes, proximal renal tubular
cells, and glomerular endothelial cells, as well as
perhaps mesangial cells and Bowman’s capsule
epithelium, exhibit the essential angiotensin con-
verting enzyme type 2 (ACE2) for viral entry. The
expression of ACE2 in the kidneys is extremely
high, maybe 100 times higher than in the lungs [2].
Infected individuals have much higher levels of
angiotensin 2 in their blood, which activates the
renin—angiotensin system, causing extensive en-
dothelial dysfunction [3]. Patients who have had
coronavirus disease 2019 (COVID-19)-induced
acute kidney injury (AKI) are not uncommon these
days, and they have a significantly increased risk
of developing progressive chronic kidney disease
(CKD) as a result of their treatment. Mechanical
breathing, continuous renal replacement treat-
ment, and extracorporeal membrane oxygenation
are frequently used to help patients with severe and
critical COVID-19 [4]. AKI is detected in around
28% of COVID-19 patients who are hospitalized,
and 9% of these patients who undergo kidney re-
placement treatment [5]. However, given the grow-
ing body of evidence, it appears that it is not just
the survival of AKI associated with COVID-19 that
can cause damage to kidney disease associated with

COVID-19. COVID-19 increased the risk of CKD,
according to United States research that utilized
electronic health data from the Veterans Health
Administration to conduct a complete evaluation
of lengthy COVID-19. This risk was largest among
individuals who had severe illness. Even beyond
the first 30 days after diagnosis of COVID-19,
unfavorable renal symptoms such as urinary tract
infections, AKI, and CKD occurred in individuals
who required hospitalization [6]. Patients with
COVID-19 in China, which indicated that 6 months
after COVID-19 hospitalization, 35% of patients
had impaired kidney function (estimated glomeru-
lar filtration rate [eGFR] < 90 mL/min/1.73 m?).
Surprisingly, during follow-up, 13% of patients who
did not develop AKI during hospitalization showed
adecrease in eGFR [7]. In a study of more than 1.7
million persons, 90,000 of whom were COVID-19
survivors with symptoms lasting at least 30 days, it
was shown that roughly 5% of them had a 30% drop
in a vital measure of kidney function (eGFR). This
means that those infected with LONG-COVID-19
were 25% more likely than uninfected people to
acquire a 30% drop in eGFR, with a larger risk
in those who survived the more severe sickness.
However, the condition impacted many patients
who were not hospitalized [8]. From the perspec-
tive of some studies, which indicate that 5% of
vaccinated patients develop LONG-COVID-19,
and in the unvaccinated group, 11% may pose
a serious nephrology challenge during and after the
pandemic itself, when we deal with a huge percent-
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age of patients with ailments of the kidneys [9].
Clinicians who must pay close attention to kidney
function evaluation will play a critical role, not
only in the group of hospitalized patients, but also
in the group of seemingly asymptomatic patients,
and notably in the group of patients with LONG-
-COVID-19. Vaccinations also play an important role
in reducing the risk of serious illness, hospitaliza-
tion, and complications such as LONG-COVID-19.
In the current epidemiological crisis, it is critical
to vaccinate as many people as possible in order
to protect them against the long-term impacts of
complications from the pandemic. We must also
remember that vaccinated people may also become
ill, even mildly, and suffer complications even after
an asymptomatic form of the disease, so remember
to wear masks and social distance [10].
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