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Abstract

Background: The purpose herein, was to perform a systematic review of interventional outcome
studies in patients with in-hospital cardiac arrest before and during the coronavirus disease 2019
(COVID-19) pandemic period.

Methods: A meta-analysis was performed of publications meeting the following PICOS criteria:
(1) participants, patients > 18 years of age with cardiac arrest due to any causes; (2) intervention, car-
diac arrest in COVID-19 period; (3) comparison, cardiac arrest in pre-COVID-19 period; (4) outcomes,
detailed information for survival; (5) study design, randomized controlled trials, quasi-randomized or
observational studies comparing cardiac arrest in COVID-19 and pre-COVID-19 period for their effects
in patients with cardiac arrest.

Results: Survival to hospital discharge for the pre-pandemic and pandemic period was reported in
3 studies (n =1432 patients) and was similar in the pre-pandemic vs. the pandemic period, 35.6%
vs. 32.1%, respectively (odds ratio [OR] 1.72; 95% confidence interval [CI] 0.81-3.65; p = 0.16;
F = 72%). Return of spontaneous circulation was reported by all 4 studies and were also similar in the
pre and during COVID-19 periods, 51.9% vs. 48.7% (OR 1.27: 95% CI 0.78-2.07: p = 0.33; F = 71%),
respectively. Pooled analysis of cardiac arrest recurrence was also similay, 24.9% and 17.9% (OR
1.60; 95% CI 0.99-2.57: p = 0.06; F = 32%) in the pre and during COVID-19 cohorts. Survival with
Cerebral Performance Category 1 or 2 was higher in pre vs. during pandemic groups (27.3 vs. 9.1%;
OR 3.75; 95% CI 1.26-11.20; p = 0.02). Finally, overall mortality was similar in the pre vs. pandemic
groups, 65.9% and 67.2%, respectively (OR 0.67: 95% CI 0.33-1.34; p = 0.25; F = 76%).
Conclusions: Compared to the pre-pandemic period, in hospital cardiac arrest in COVID-19 patients
was numerically higher but had statistically similar outcomes. (Cardiol ] 2021; 28, 4: 503-508)

Key words: coronavirus disease 2019, SARS-CoV-2, pandemic, in-hospital cardiac
arrest, cardiopulmonary resuscitation, outcome
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Introduction

In December 2019 the coronavirus disease
(COVID-19) emerged in Wuhan, China and spread
rapidly throughout the world causing a pandemic
[1]. As of March 2021, there were over 126 mil-
lion confirmed cases and over 2.7 million deaths
worldwide [2].

Clinically, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), the virus responsi-
ble for COVID-19, manifests with wide variability
ranging from being asymptomatic to severe re-
spiratory failure and death. An estimated 14% of
patients with COVID-19 require hospitalization,
with 2% requiring intensive care [3]. While coexis-
ting conditions, such as, hypertension, diabetes,
cardiovascular disease, obesity, chronic obstructive
pulmonary disease and chronic renal failure have
been associated with poor prognosis [4], respirato-
ry failure is the leading cause of admission to the
intensive care unit (ICU) [5]. Further, studies show
that the mortality rate in the ICU can be greater
than 35% [6], and the leading cause of such high
mortality is in-hospital cardiac arrest THCA) [7].

To understand the role of COVID-19 on out-
comes of IHCA, we designed a systematic review
of studies in adults during versus pre-pandemic pe-
riods of patients who suffered from cardiac arrest.

Methods

The study was performed following the rec-
ommendation Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA)
statement for reporting systematic reviews and
meta-analyses [8]. Before starting the study, there
was agreement on the analysis methods and the
inclusion and exclusion criteria to be used. Because
of its nature, this study was exempt from an insti-
tutional board review.

Inclusion and exclusion criteria

Studies included in this meta-analysis met
the following PICOS criteria: (1) Participants:
patients > 18 years of age with cardiac arrest due
to any causes, (2) Intervention: cardiac arrest in
COVID-19 period, (3) Comparison: cardiac arrest
in pre-COVID-19 period, (4) Outcomes: detailed
information for survival, (5) Study design: ran-
domized controlled trials, quasi-randomized or
observational studies comparing cardiac arrest
during and before the COVID-19 period for their
effects in patients with cardiac arrest. Studies were
excluded if they were reviews, case reports, confer-

ence or poster abstracts, or articles not containing
original data.

Search strategy

A computerized search of the Medline (Pub-
Med), Embase, Cochrane Central Register of
Controlled Trials (CENTRAL), Scopus, Web of
Science was performed from inception to Febru-
ary 2™, 2021. Titles and abstracts were screened
by two authors independently (A.G. and M.P.). All
retrieved articles were reviewed by two authors
(J.S. and M.C.). Any disagreement was resolved
through consensus or, if necessary, by discussion
with a third author (L.S.).

The search was performed using the following
terms: “cardiac arrest” OR “CA” OR “heart arrest”
OR “circulation arrest” OR “cardiopulmonary
resuscitation” OR “CPR” OR “in-hospital cardiac
arrest” OR “THCA” OR “return of spontaneous
circulation” OR “ROSC” OR “cardiac ventric*
fibrillation” OR “heart ventric* fibrillation” OR
“pulseless ventric* tachycardia” OR “asysto™®”
OR “pulseless electrical activity” OR “PEA” AND
“SARS-CoV-2” OR “COVID-19”. Bibliographies of
retrieved articles were manually checked for ad-
ditional references to identify all eligible studies
and achieve minimal publication bias. Only full ar-
ticles in the English language were considered. All
references were saved in an EndNote (EndNote,
Inc., Philadelphia, PA, USA) library that was used
to identify duplicates.

Data extraction

Information was recorded on study char-
acteristics and demographics such as authors,
publication year, inclusion and exclusion criteria,
primary outcome, findings, as well as per group
sample size and outcomes. Two reviewers (A.G.,
M.]J.]J.) independently abstracted data, which a third
investigator (L.S.) independently verified. Authors
of articles were contacted when data were missing
or were reported in a format that did not allow sta-
tistical analysis. Care was taken to avoid inclusion
of data from duplicate publications. In the case of
suspected data discrepancies, the relevant author
was contacted directly. Moreover, each reviewer
performed independent data abstraction, using
a standardized predefined data collection form.

Quality assessment

Two investigators (A.G. and L.S.) independent-
ly extracted individual study data and evaluated the
studies for risk of bias. Any disagreements were
discussed and resolved in a consensus meeting
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with the third reviewer (M.].].). The ROBINS-I
tool (Risk of Bias in Non-randomized Studies —
of Interventions) was used to assess the quality
of studies [9]. Robvis application was used to for
visualize risk-of-bias assessments [10]. The scale
has seven main domains (confounding, participant
selection, classification of interventions, deviation
from interventions, missing data, outcome mea-
surement, and selection of reported results) and
assigns one point for each of four judgements,
which are rated as critical, serious, moderate or
low (Suppl. Fig. S3 and Fig. S4).

Outcomes

The following outcomes were evaluated in the
analysis, based on the consensus among content
experts in our group with regard to important out-
comes. The primary outcome was survival to hos-
pital discharge, or 30 days (SHD), whichever came
first. Secondary outcomes were return of spontane-
ous circulation (ROSC), recurrence of cardiac arrest,
survival with favorable neurologic status (defined
as a survival with Cerebral Performance Category
[CPC] 1 or 2), and overall mortality.

Statistical analysis

Statistical analysis was performed using Re-
view Manager software (v.5.4, Nordic Cochrane
Center, The Cochrane Collaboration, Copenhagen,
Denmark). The Mantel-Haenszel method was used
to analyze dichotomous outcomes, and results are
reported as odds ratios (ORs) with 95% confidence
interval (CI). Continuous outcome differences were
analyzed using an inverse variance model with
a 95% CI, and values are reported as mean differ-
ence. When the continuous outcome was reported
in a study as median, range, and interquartile range,
means and standard deviations were estimated
using the formula described by Hozo et al. [11].

All p values were two-tailed and considered
significant if < 0.05. Heterogeneity was quantified
in each analysis by 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, respectively.

Results

Study characteristics

A total of 4 studies [12-15], reporting on 1609
patients (n = 788 pre and n = 821 pandemic pa-
tients), met all inclusion/exclusion criteria (Table 1;
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Table 1. Characteristics of the in-hospital cardiac arrest patients in the pre-pandemic vs. pandemic period in the included trials.
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15 (12.8%)
4 (3.2%)

66 (56.4%)
45 (36.0%)
65 (77.4%)
77 (82.8%)

10/112 (8.9%)
4/117 (3.4%)
15/84 (17.9%)

67 (57.3%)
82 (65.6%)
60 (71.4%)
60 (64.5%)

117 66.3 = 3.5

Pre-pandemic

USA Cohort study

Miles et al. 2020

66.8 = 3.2

125

Pandemic

NR
NR

84 69.8 = 3.7

Pre-pandemic

Germany Retrospective analysis

Roedl et al. 2021

27/93 (29.0%)

67.8 = 3.5

93

Pandemic

of data prospectively

recorded data

214 (40.2%)

251 (47.2%)
257 (46.9%)

138 (25.9%)
116 (21.2%)
9 (16.4%)
6 (10.9%)

351 (66.0%)
327 (60.0%)

70.1 = 18.2
67.8 = 18.9
68.9 = 5.9

532
548

Pre-pandemic

Observational
registry-based study

Sweden

Sultanian et al. 2021

214 (39.1%)

Pandemic

23 (41.8%)

27 (49.1%)
21 (38.2%)

33 (60.0%)
48 (87.3%)

55
55

Pre-pandemic

Single-center
retrospective study

USA

Yuriditsky et al. 2020

16 (29.1%)

69.8 = 3.8

Pandemic

not reported; ROSC — return of spontaneous circulation; SD — standard deviation

NR
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Figure 1. Flow diagram showing stages of database searching and study selection as per Preferred Reporting ltems

for Systematic reviews and Meta-analysis (PRISMA) guideline.

Pre-pandemic

Pandemic

Odds Ratio

Odds Ratio

Test for overall effect: Z = 1.41 (P = 0.16)

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Miles 2020 15 117 4 125 23.0% 4.45[1.43, 13.83] -_—
Sultanian 2021 214 532 214 548 45.6% 1.05[0.82, 1.34]
Yuriditsky 2020 23 55 16 55 31.4% 1.75 [0.79, 3.86] I —
Total (95% CI) 704 728 100.0% 1.72 [0.81, 3.65] —
Total events 252 234
. 2 _ ) 2 - - 212 = 799 b } } 4
Heterogeneity: Tau 0.31; Chi 7.10,df =2 (P = 0.03); | 72% o1 02 0’5 5 : 10

Pandemic period Pre-pandemic period

Figure 2. Forest plot of return of survival to hospital discharge between pre-pandemic versus pandemic group. The
center of each square represents the weighted odds ratios for individual trials, and the corresponding horizontal line
stands for a 95% confidence interval (Cl). The diamonds represent pooled results.

Suppl. Table S1). The PRISMA flowchart (Fig. 1)
summarizes the outcomes of the search strategy.

Outcomes pre-pandemic vs. pandemic period

A pooled analysis of all outcomes is presented
on Figure 2 and Supplemental Figures S1 and S2.
SHD for the pre-pandemic and pandemic period
was reported in 3 studies (n = 1432 patients). It
occurred at a numerically higher, but a statistically
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similar, rate in the pre-pandemic vs. the pandemic
period, 35.6% vs. 32.1%, respectively (OR 1.72;
95% CI1 0.81-3.65; p = 0.16; I’ = 72%). ROSC was
reported by all 4 studies, with a similar numerically
higher but statistically similar relationship, 51.9%
vs. 48.7% (OR 1.27; 95% CI 0.78-2.07; p = 0.33;
I’ = 71%), for the pre and during COVID-19 periods,
respectively (Supplementary digital file). Pooled
analysis of cardiac found an arrest recurrence of
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24.9% and 17.9% (OR 1.60; 95% CI 0.99-2.57;
p = 0.06; I = 32%) in the pre and during COVID-19
cohorts, respectively. Survival with CPC 1 or 2 was
reported only by Yuriditsky et al. [15] and was sig-
nificantly higher in pre-pandemic group compared
with pandemic group (27.3 vs. 9.1%; OR 3.75;
95% CI1.26-11.20; p = 0.02). Overall mortality in
pre-pandemic vs. pandemic group was 65.9% and
67.2%, respectively (OR 0.67; 95% CI 0.33-1.34;
p = 0.25; * = 76%).

Outcomes in pandemic period

Only 1 study was found, Sultanian et al. [14],
that compared IHCA outcomes in pandemic period
between COVID-19 and non-COVID-19 patients.
In this study SHD between COVID-19 and non-
-COVID-19 patients was 25.0% vs. 41.8% (OR
0.46; 95% CI 0.26-0.83; p = 0.01). In the case of
COVID-19 patients there was a significantly lower
ROSC rate compared with non-COVID-19 patients
(30.5% vs. 52.6%, respectively; OR 0.40; 95%
CI 0.23-0.69; p = 0.001). Ultimately, the overall
mortality in the COVID-19 patients was 75.0% and
was significantly higher than that in non-COVID-19
patients — 59.3% (OR 2.06; 95% CI 1.15-3.69;
p = 0.02). Finally, overall mortality in the present
analysis was similar in the pre vs. pandemic groups,
65.9% and 67.2%, respectively (OR 0.67; 95% CI
0.33-1.34; p = 0.25; I = 76%).

Discussion

According to available research, this is the
first meta-analysis comparing characteristics and
outcomes of IHCA before and during the COVID-19
pandemic. The primary outcome of the study was
to measure the survival to hospital discharge or
30 days, whichever came first, although it was ex-
pected that mortality rates would be higher during
the pandemic, it was found that the survival rates
were similar to the pre-pandemic period. There
are possible explanations of this phenomenon.
During the pre-pandemic time the vast majority
of the IHCA happened in the ICU [16], commonly
the result of complications from cardiovascular
disease, while during the pandemic a shift of IHCA
occurring in the standard ward as a result of the
pulmonary inflammatory state and fibrosis of the
lung tissue [14] was observed [13].

Sustained ROSC was found, defined as stable
circulation for at least 20 min [13] was similar in the
pre-pandemic period. Interestingly in the cohort
by Miles et al. [12] the pre-pandemic group was
characterized by much higher ROSC. Although

Lukasz Szarpak et al., In-hospital cardiac arrest in COVID-19

ROSC is generally a positive predictor of survival
[17], Sheth et al. [18] presented data which showed
that although all patients with COVID-19 who suf-
fered cardiac arrest and achieved ROSC did not
achieve SHD.

Consistent with the current primary outcome,
a insignificant trend was found (p = 0.06) of lower
recurrence of cardiac arrest in the pandemic group.
This finding is also likely the result of the different
etiology of cardiac arrests in the pre and during
pandemic periods. In the pre pandemic period the
vast majority of IHCA was caused by the underlying
cardiac diseases [19] as opposed to the respiratory
background in the COVID-19 era.

In his paper Yuriditsky et al. [15] assessed the
functional status using the CPC. This score ranges
from 1 (good cerebral performance) to 5 (brain
death), with CPC 1 and 2 generally categorized as
good neurological outcome and 3 to 5 as poor [20].
It was reported that the pre pandemic group had
a statistically significant higher survival with CPC 1
or 2 amounting to 27.3% vs. 9.1% in the COVID-19
cohort. A possible explanation may lie in the loca-
tion of IHCA resuscitation. In the pre-pandemic
period, many resuscitations occurred in an ICU,
where early identification and greater resources
may result in better outcomes than general ward
resuscitations that are found later and may have
fewer resources.

When comparing COVID vs. non-COVID,
there was lower SHD in COVID patients, 25.0%
vs. 41.8%, respectively [14]. This may be because
COVID patients were less likely to have a cardiac
cause of the arrest, and a respiratory cause was
more likely. Such a high discrepancy might be
the result of the burden of critical illness with
a higher likelihood or requiring ICU admission,
invasive mechanical ventilation, vasopresors or re-
nal replacement therapies than the non-COVID-19
cohort [21, 22].

Sultanian et al. [14] also reports statistically
significantly lower ROSC rate for COVID-19 posi-
tive cohort with only 7.6% of patients presenting
with the shockable rhythm. Overall mortality
among the COVID-19 patients was 75.0% and was
significantly higher than the 59.3% that occurred
in non-COVID-19 patients.

Limitations of the study

Although a limitation of the present study
was the strict inclusion criteria, which allowed for
the inclusion of only 4 papers, it did insure a high
quality of results in over 1600 patients. A second
limitation is the focus on general epidemiologic
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findings, which does not allow for the pinpointing
of the specific risk factors that could be used as
a guideline for the selection of high-risk patients.

Conclusions

It was found that the IHCA before and during

the COVID-19 pandemic had numerically higher
but statistically similar outcomes.
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of the infra-inguinal lower limb arteries

Rafal Januszek"? Zoltan Ruzsa®*, Andras Nyerges*, Viktor Orias®,
Pawet Kleczyfiski', Joanna Wojtasik-Bakalarz', Artur Pawlik’,
Salech Arif', Dariusz Dudek””, Stanistaw Bartu§"”®

2" Department of Cardiology and Cardiovascular Interventions, University Hospital, Krakow, Poland
*Department of Clinical Rehabilitation, University of Physical Education, Krakow, Poland
*Semmelweis University, Heart and Vascular Center, Cardiology Department, Budapest, Hungary
‘Béacs-Kiskun County Hospital, Invasive Cardiology Department,

Teaching Hospital of Szent-Gyorgyi Albert Medical University, Kecskemét, Hungary
’2" Department of Cardiology, Jagiellonian University Medical College, Krakow, Poland

Abstract

Background: The aim of the present study is to assess the relationship between body mass index (BMI)
and long-term clinical outcomes in retrograde endovascular recanalization (ER) regarding chronic total
occlusions (CTOs) of the infra-inguinal lower limb arteries.

Methods: The study included patients who underwent retrograde ER of CTOs localized in superficial,
popliteal or below-the-knee arteries. During follow-up, major adverse cardiac and cerebrovascular and
major adverse lower limb events (MALE) were evaluated. MALE was defined as amputation, target
lesion re-intervention, target vessel re-intervention and surgical treatment.

Results: The study included 405 patients at the mean age of 67.2 = 10.4. The authors divided the
overall group of patients according to BMI into < 25 (n = 156, 38.5%) and > 25 kg/m’ (n = 249,
61.5%), and then into < 30 (n = 302, 75.8%) and > 30 kg/m’ (n = 103, 24.2%). During the aver-
age follow-up 1,144.9 + 664.3 days, the mortality rate was higher in the group of patients with BMI
<25kg/m’® (10.5% vs. 5.3%, p = 0.051), and in the group of patients with BMI < 30 kg/m’ (8.7% vs. 2.9%,
p = 0.048). The comparison of Kaplan-Meier curves revealed borderline differences when assessing
months to death for the BMI < 25 kg/m’ (p = 0.057) and BMI < 30 kg/m’ (p = 0.056) grouping variables.
Conclusions: Obese and overweight patients undergoing CTO ER of the lower limb arteries from
retrograde access are related to lower death rates during long-term follow-up. (Cardiol ] 2021; 28, 4:
509-518)

Key words: lower limb atherosclerosis, chronic total occlusions, retrograde access,
clinical outcomes, body mass index

Introduction eases such as ischemic heart disease or respiratory

disorders, which result in reduced exercise toler-

Intermittent claudication is becoming a more ance. This, consequently causes a more frequent
frequent symptom due to population aging and clinical image of peripheral arterial disease (PAD)
progress in the effective treatment of other dis- symptoms. Endovascular revascularization (ER)
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is the treatment of choice in a majority of patients
with symptomatic PAD. In the case of patients di-
agnosed with chronic total occlusion (CTO) of the
lower limb arteries and failure of ER with antegrade
access, retrograde access is a treatment option
that can be offered prior to referring a patient to
a vascular surgeon or possible optimal medical
therapy. Several publications estimating long-term
results of regular ER of PAD patients have been
published [1, 2]. The relationship between body
mass index (BMI) and mortality rate in patients
treated with percutaneous interventions has been
widely investigated in patients with stable coronary
artery disease (CAD), acute coronary syndromes
and heart failure [3-6]. The relationship between
BMI and mortality in patients with PAD, especially
those undergoing ER, is scarcely investigated and
there are only a few publications available in this
area [7-9].

Therefore, the aim of the present study is to
evaluate the relationship between BMI and the
long-term results of endovascular treatment from
retrograde access in patients with PAD.

Methods

Study population

This study was planned as a prospective ob-
servational study of consecutive patients who un-
derwent retrograde recanalization of CTO localized
in the superficial femoral artery, popliteal artery or
below-the-knee arteries. At two experienced and
cooperating centers, all consecutive patients were
enrolled after at least one unsuccessful antegrade
recanalization of CTO who qualified for the ret-
rograde approach. Each patient was also qualified
for endovascular treatment after consultation by
a vascular surgeon. The main factors disqualify-
ing patients from surgical revascularization were
anatomical reasons (lack of vessel circumference
in the course of atherosclerosis), morphological
(narrow and winding peripheral vessels) or poor
clinical condition and high perioperative risk. An-
tegrade failure was defined as the inability to wire
the distal part of the vessel behind the occlusion
via the access site, located in the contralateral ar-
tery or proximal to the CTO lesion. The inability
to wire the distal part of the CTO was both due
to a failure to penetrate the lesion or because of
a failure to return to the arterial lumen after subin-
timal recanalization in selected cases with suitable
anatomy and morphology of target lesions. Accord-
ing to the local protocol, patients were screened for
concomitant diseases, risk factors, and medication

prior to the procedure. In all patients before the
procedure, the ankle-brachial index was examined
and severity of PAD was assessed according to
Rutherford and/or Fontaine scale. The decision
regarding retrograde recanalization and access site
was based on prior angiography. The procedure of
retrograde recanalization was performed under
local anesthesia and required two access sites:
antegrade and retrograde. Both, proximal and distal
punctures were done under the guidance of vas-
cular ultrasound and/or fluoroscopy. The choice of
the type of antegrade access site was determined
by many factors, including anatomical condition-
ing, type of vascular lesions (dissemination, cal-
cifications, length), technical possibilities (having
sufficiently long catheters), type of occlusions, its
length and probability of blood flow restoration. For
the proximal access site, the contralateral femoral
artery was usually used, and 6 Fr vascular sheaths
belonged to the most used. The distal access site
was usually chosen in the reconnection area of the
artery (needle: 12-15 mm, 21 G). In case of insta-
bility of distal puncture, 4 Fr vascular sheaths were
needed to obtain support during the procedure. In
a few cases, the distal access site was also used
for the revascularization of more peripheral parts
of the artery. The hydrophilic 0.035” guidewire
was used for the antegrade access site. Occlusions
were crossed from the retrograde access site with
a non-hydrophilic 0.018” guidewire. After cross-
ing the occlusion with a wire via the retrograde
approach, pre-dilatation with a balloon catheter
was performed. Stent implantation was based on
the decision of the operator. After the procedure,
the distal sheet was removed immediately, and the
proximal one was maintained for up to 4 h when
the femoral artery was punctured, which was
conditioned by unfractionated heparin use. Due
to dissection, in some cases, the balloon inflations
were performed from both ante- and retrograde
access (kissing balloon technique) to tear the dis-
section and facilitate capturing the wire with the
diagnostic catheter. The first antegrade puncture
site was used to visualize the vessel during the
retrograde access procedure and was defined as the
angiography first access site. In some patients, due
to anatomical, morphological or technical problems,
it was not possible to reach the distal part of the
artery treated with retrograde access for angio-
graphy, and these patients had to undergo puncture
of another artery which was defined as the second,
third or fourth antegrade angiography access site.
In periprocedural treatment, all patients received
double antiplatelet therapy: acetylsalicylic acid
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75 mg — permanently, and clopidogrel 75 mg for
3 months, a high dose of statin and according to
a local protocol, low-molecular-weight heparin for
4 weeks. In the long-term follow-up, which lasted
on average 1,144.9 + 664.3 days, patients were
evaluated for major adverse cardiac and cerebro-
vascular events (MACCE) as well as major adverse
limb events (MALE). Data were collected between
2006 and 2016. In this paper, MACCE were pre-
defined as death, stroke/transient ischemic attack,
myocardial infarction, percutaneous coronary inter-
vention (PCI) or coronary artery bypass grafting
(CABG). MALE was defined as amputation, target
lesion re-intervention, target vessel re-interven-
tion and surgical treatment. Due to shortages in
the available database, the level of amputation
was not highlighted in the presented publication
and alike high-, mid- and low-amputations, they
were included in the term of overall amputation
rate. The protocol complied with the Declaration
of Helsinki, and all participants provided written
informed consent before enrollment.

Ethical approval and consent to participate

All participants read the purpose statement
of the investigation and signed informed consent.
This study was approved by the local Research
Ethics Committee and was therefore performed in
accordance with the ethical standards of the 1964
Declaration of Helsinki and its later amendments.

Statistical analysis

Categorical variables are presented as num-
bers and percentages. Continuous variables are
expressed as mean =+ standard deviation or median
and interquartile range. Normality was assessed
using the Shapiro-Wilk test. Equality of variance
was assessed using Levene’s test. Differences
between groups were compared using the Stu-
dent’s or Welch’s t-test depending on the equality
of variances for normally distributed variables.
The Mann-Whitney U test was applied in cases
of continuous variables without normal distribu-
tion. Categorical variables were compared via the
Pearson y* or the Fisher exact test if 20% of cells
had a count less than 5. Ordinal variables were
compared with the Cochran-Armitage trend test.
To analyze survival rate in selected risk groups,
Kaplan-Meier curves were drawn. The log-rank
statistic was used to test the differences in the
outcome between groups. All statistical analyses
were performed with JMP®, Version 13.1.0 (SAS
Institute INC., Cary, NC, USA).

Results

General characteristics

In total, 405 patients were included in the
study. There were 156 (38.5%) patients with BMI <
< 25 kg/m”and 302 (74.6%) patients with BMI <
< 30 kg/m”. In both groups, patients with lower
BMI were older when stratified for BMI < 25 kg/m”
(68.3 £ 11.1 vs. 66.51 = 9.8, p = 0.09) and also
for BMI < 30 kg/m” (68.2 = 10.7 vs. 64.4 + 8.9,
p = 0.006), compared to patients with a higher
BMLI. Patients with higher BMI suffered from diabe-
tes more often when stratified for BMI > 25 kg/m*
(35.9% vs.59%, p < 0.0001) and for BMI > 30 kg/m”
(43% vs. 70.9%, p < 0.0001), as well as from CAD
when classified for BMI > 25 kg/m* (35.3% vs.
45.4%, p = 0.04), and for BMI > 30 kg/m* (38.7%
vs. 49.5%, p = 0.055). A general characterization
of all groups assessed in the current study is pre-
sented in Table 1.

Clinical presentation

When stratified for BMI < 25 kg/m®, the
clinical stage of ischemic changes before angio-
plasty was more advanced in patients with lower
BMI, both when using the Rutherford (p = 0.04)
and Fontaine classifications (p = 0.01), however,
when stratified for BMI < 30 kg/m® there were
no significant differences in clinical presentation
of ischemia before angioplasty between patients
with lower and higher BMI (p = 0.6 and p = 0.96).
This is presented in Table 2.

Angiography and procedural indices
According to the Trans-Atlantic Inter Society
Consensus (TASC II) classification, the authors did
not observe any significant differences between
patients with lower and higher mean BMI values
when stratified for BMI < 25 and < 30 kg/m® In
general, lesions tended to occur longer in patients
with lower BMI in both stratifications, and reached
statistical significance for the common femoral
artery when stratified for BMI < 25 kg/m” (13.4 =
+ 21.8 mm vs. 8 £ 13.8 mm, p = 0.04) and the
popliteal artery when stratified for BMI < 30 kg/m’
(51.2 = 52.5 mm vs. 34.3 += 42.9 mm, p = 0.02).
Angiographic indices are presented in Table 2.

Clinical endpoints

During the 120-month-long follow-up period,
the authors did not observe significant differ-
ences in reintervention or amputation rates, the
frequency of lower extremity bypass surgery and/
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Table 1. General characteristics and clinical presentation.

Body mass index P Body mass index P
< 25 kg/m? > 25 kg/m? < 30 kg/m*> >30 kg/m?

General characteristics
Age [years] 68.3 = 11.1 66.5 = 9.8 0.09"% 68.2 = 10.7 64.4+8.9 0.006"
Gender, males 91 (58.3%) 162 (65.1%) 0.17° 192 (63.6%) 61 (59.2%) 0.43°
COPD 22 (14.1%) 21 (8.4%) 0.07° 35 (11.6%) 8 (7.8%) 0.27°
Hypertension 141 (90.4%) 232 (93.2%) 0.31° 274 (90.7%) 99 (96.1%) 0.08°
Diabetes 56 (35.9%) 147 (59%) < 0.0001° 130 (43%) 73 (70.9%) < 0.0001°
Renal failure 23 (14.7%) 44 (17.7%) 0.44° 46 (15.2%) 21 (20.4%) 0.22°
CAD 55 (35.3%) 113 (45.4%) 0.04° 117 (38.7%) 51 (49.5%) 0.055°
Hyperlipidemia 15 (88.2%) 27 (90%) 1.0 30 (88.2%) 12 (92.3%) 1.0°
Stroke/TIA 13 (8.3%) 12 (4.8%) 0.15° 22 (7.3%) 3 (2.9%) 0.11°
Smoking 57 (55.3%) 68 (50%) 0.41° 92 (50.5%) 33 (57.9%) 0.33°
Prior PTA 36 (23.1%) 59 (23.7%) 0.88° 67 (22.2%) 28 (27.2%) 0.3°
Prior bypass 36 (23.1%) 59 (23.7%) 0.63° 33 (10.9%) 10 (9.7%) 0.72°
Clinical presentation before angioplasty
Rutherford classification: 0.04%* 0.6%*

0 0 (0%) 0 (0%) 0 (0%) 0 (0%)

1 13 (8.3%) 18 (7.2%) 26 (8.6%) 5 (4.8%)

2 16 (10.3%) 43 (17.3%) 46 (15.2%) 13 (12.6%)

3 18 (11.5%) 47 (18.9%) 43 (14.2%) 22 (21.4%)

4 36 (23.1%) 52 (20.9%) 66 (21.8%) 22 (21.4%)

5 28 (17.9%) 29 (11.6%) 43 (14.2%) 14 (13.6%)

6 45 (28.8%) 60 (24.1%) 78 (25.8%) 27 (26.2%)
Fontaine scale: 0.01¢ 0.96%

2a 16 (10.3%) 21 (8.4%) 32 (10.6%) 5 (4.8%)

2b 33 (21.1%) 95 (38.1%) 90 (29.8%) 38 (36.9%)

3 34 (21.8%) 47 (18.9%) 60 (19.9%) 21 (20.4%)

4 73 (46.8%) 86 (34.5%) 120 (39.7%) 39 (37.9%)

CA — Cochran-Armitage test for trend; CAD — coronary artery disease; F — Fisher’s exact test; P — Pearson’s chi-squared test; S — Student’s
t-test; U — Mann-Whitney U test; PTA — percutaneous transluminal angioplasty; TIA — transient ischemic attack

or stroke as well as transient ischemic attack
rates between patients with higher and lower BMI
when stratified for < 25 kg/m* and < 30 kg/m”.
Nonetheless, death rate at the end of the follow-
up period was higher in patients with lower BMI
when stratified for BMI < 25 kg/m® (10.5% vs.
5.3%, p = 0.051) and for BMI < 30 kg/m’® (8.7%
vs. 2.9%, p = 0.048). This is presented in Table 3.
However, the long-rank test considered months
to death for grouping variable BMI < 25 kg/m*
revealed higher death rates in the group of patients
with lower BMI, but without statistical significance
(p = 0.057). Also, analysis for grouping variable
BMI < 30 kg/m” demonstrated a significant ten-
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dency without statistical significance (p = 0.056).
This is presented in Figure 1A and B as well as
Table 4. The long-rank test reflecting months to
death for grouping variable BMI did not reveal
significant differences (p = 0.26) after division
into six subgroups (underweight: BMI < 18 kg/m?,
normal-weight: 18 kg/m* < BMI < 25 kg/m?
overweight: 25 kg/m” < BMI < 30 kg/m* class
1 obesity: 30 kg/m* < BMI < 35 kg/m?; class 2 obe-
sity: 35 kg/m*< BMI < 40 kg/m?; class 3 obesity:
BMI > 40 kg/m®). Nevertheless, during the first
12 months of follow-up, mortality rate was highest
in the subgroup of underweight and class 3 obesity
patients. This is presented in Table 5 and Figure 2.
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Body mass index P Body mass index P
< 25 kg/m?* > 25 kg/m? < 30 kg/m?> > 30 kg/m?
TASC II: 0.25% 0.76%*
A 23 (16.8%) 41 (19%) 53 (20.1%) 11 (12.4%)
B 23 (16.8%) 56 (25.9%) 52 (19.7%) 27 (30.3%)
C 36 (26.3%) 34 (15.7%) 55 (20.8%) 15 (16.8%)
D 55 (40.1%) 39 (37.9%) 104 (39.4%) 36 (40.4%)
Treated leg: 0.48° 0.3°
Left 73 (46.8%) 126 (50.6%) 149 (49.3%) 50 (48.5%)
Left, right 4 (2.6%) 10 (4%) 8 (2.6%) 6 (5.8%)
Right 79 (560.6%) 113 (45.4%) 145 (48%) 47 (45.6%)
Angiography first access site: 0.32° 0.18"
Brachial 15 (10.6%) 15 (6.8%) 24 (8.9%) 6 (6.4%)
Femoral 73 (561.4%) 128 (57.7%) 142 (52.4%) 59 (63.4%)
Radial 54 (38%) 79 (35.6%) 105 (38.7%) 28 (30.1%)
Angiography number of access sites: 0.584 0.23%4
1 116 (81.7%) 178 (79.5%) 214 (78.7%) 80 (85.1%)
2 23 (16.2%) 42 (18.7%) 52 (19.1%) 13 (13.8%)
3 3(2.1%) 2 (0.9%) 5 (1.8%) 0 (0%)
4 0 (0%) 2 (0.9%) 1(0.4%) 1(1.1%)
Angiography first access side: 0.8° 0.15°
Right 100 (70.4%) 155 (69.2%) 191 (70.2%) 64 (68.1%)
Left 42 (29.6%) 69 (30.8%) 81(29.8%) 30 (31.9%)
lliac artery — SL 35 (24.6%) 42 (18.9%) 0.19° 58 (21.2%) 19 (20.9%) 0.94°
Deep femoral artery — SL 12 (8.4%) 9 (4.1%) 0.08° 19 (7%) 2 (2.2%) 0.09°
Common femoral artery:
Tortuosity: slight 9 (7.9%) 9 (5.5%) 0.43° 14 (6.7%) 4 (5.9%) 1.0°
Chronic total occlusion 10 (8.7%) 4 (2.4%) 0.02° 11 (5.2%) 3 (4.4%) 1.0°
Calcification:
slight 23 (20.2%) 34 (20.9%) 0.11¢* 46 (22%) 11 (16.2%) 0.2
severe 11 (9.6%) 6 (3.7%) 14 (6.70%) 3 (4.4%)
Lesion length [mm] 13.4 + 21.8 8 + 13.8 0.04" 10.7 £ 185 8.6 = 15.1 0.42"
Superficial femoral artery:
Tortuosity:
slight 52 (38%) 67 (31.9%) 0.42% 91 (34.9%) 28 (32.6%) 0.65
severe 3(2.2%) 6 (2.9%) 7 (2.7%) 2 (2.3%)
Chronic total occlusion 63 (45%) 103 (47.7%) 0.61° 122 (45.9%) 44 (48.9%) 0.61°
Calcification:
extreme 1 (0.73%) 1 (0.5%) 0.65 2 (0.8%) 0 (0%) 0.46%*
severe 30 (21.9%) 53 (25.2%) 64 (24.5%) 19 (22.1%)
slight 59 (43.1%) 86 (40.9%) 109 (41.8%) 36 (41.9%)
Lesion length [mm] 107 = 97 74.8 + 36.3 0.97° 106.9 +=98.6 108.2 +=95.9 0.92"
Popliteal artery — lesion length 524 + 549 43.6 =47.7 0.24" 51.2 £ 525 34.3+ 429 0.02"
Tibio-fibular trunk — SL 41 (28.9%) 52 (23.4%) 0.24° 74 (27.1%) 19 (20.9%) 0.23°
Tibialis anterior artery — SL 70 (49.3%) 105 (47.3%) 0.7° 133 (48.7%) 42 (46.1%) 0.67°
Peroneal artery — SL 64 (45.1%) 79 (35.6%) 0.07° 112 (41%) 31 (34.1%) 0.23°
Tibialis posterior artery — SL 86 (60.6%) 106 (47.7%) 0.01° 133 (48.7%) 42 (46.1%) 0.67°
Contrast volume [mL] 106.5 + 67.8 119.4 +77.4 0.12° 1109 +70.7 1245 =824 0.19"
Hospitalization time [days] 5.44 + 4.6 5+4.7 0.11Y 5.4+ 48 47 + 4.3 0.2V
Intraprocedural complications 4 (2.8%) 11 (4.9%) 0.32° 12 (4.4%) 3(3.2%) 0.76"
Major vascular complications 5 (3.52%) 5 (2.2%) 0.51F 9 (3.3%) 1(1.1%) 0.46°
Minor vascular complications 17 (12%) 26 (11.6%) 0.9° 33 (12.1%) 10 (10.6%) 0.7°

CA — Cochran-Armitage test for trend; F — Fisher’s exact test; P — Pearson'’s chi-squared test; SL — significant lesion; TASC — Trans-Atlantic
Inter Society Consensus; U — Mann-Whitney U test
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Table 3. Study endpoints.

Body mass index P Body mass index P
< 25 kg/m* > 25 kg/m? < 30 kg/m*  >30 kg/m?

Re-PTA 47 (30.72%) 72 (29.15%) 0.73° 89 (29.97%) 30(29.13%) 0.87°
Days to Re-PTA 130.6 = 125.4 196.9 + 339.6 0.47° 151.3 + 202.2 228.2 + 427.7 0.07"
Stroke/TIA 2 (1.3%) 5 (2%) 0.71% 5 (1.68%) 2 (1.94%) 1F
Days to stroke/TIA 66.5 +47.4 130.6 = 113.9 0.69° 150.8 = 92.1 16 £ 12.7  0.052"
Death 16 (10.5%) 13 (5.3%) 0.051° 26 (8.7%) 3 (2.9%) 0.048"
Days to death 249.4 + 360.7 537.8 +896.9 0.86° 310.5 = 472.5 969.7 = 1650.9 0.69"
Amputation 24 (15.7%) 30 (12.4%) 0.35°  38(12.8%) 16 (16.2%) 0.4°
Days to amputation 87.6 = 103.7 60.9 £+ 874 0.36Y 76.1 = 102.1 64.9 + 78 0.84"
Lower extremity bypass 6 (4.3%) 9 (4.1%) 0.93° 10 (3.7%) 5 (5.6%) 0.54"
Days to lower extremity bypass 48.5 + 69.1 95.3 +90.8 0.19Y 128.8 + 91.2 76.6 = 83.6 0.15"

F — Fisher’s exact test; P — Pearson'’s chi-squared test; PTA — percutaneous transluminal angioplasty; S — Student’s t-test; TIA — transient

ischemic attacks; U — Mann-Whitney U test
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Figure 1. A. Months to death for grouping variable body mass index (BMI) < 25 kg/m?. The log-rank test p-value is
equal to 0.057; B. Months to death for grouping variable BMI < 30 kg/m? The log-rank test p-value is equal to 0.056.

Clinical endpoints and COPD

In the current study, 43 patients diagnosed
with chronic obstructive pulmonary disease
(COPD; 10.6%), were divided according to BMI,
similarly as in the overall group of patients. The
authors compared clinical outcomes between pa-
tients with BMI < 25 kg/m* (51.2%) and > 25 kg/m”
(48.8%) and between patients with BMI < 30 kg/m*
(81.4%) and > 30 kg/m”* (18.6%). Particular clinical
endpoints were higher in patients with lower BMI;
however, they did not reach statistical significance
when stratified for BMI < 25 kg/m’ (reinterven-
tions: 19.05% vs. 9.52%, p = 0.66; deaths: 14.29%
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vs. 4.76%, p = 0.6 and lower extremity bypass
surgery: 21.05% vs. 5%, p = 0.18) and for BMI <
< 30 kg/m’ (reinterventions: 17.65% vs. 0%,
p = 0.57; deaths: 11.76% vs. 0%, p = 0.57; amputa-
tions: 14.29% vs. 12.5%, p = 1.0; lower extremity
bypass surgery: 15.63% vs. 0%, p = 0.56).

Discussion

The main finding of the current study is that
underweight, normal-weight and extremaly obese
patients are at increased risk of death prior to
endovascular treatment of CTOs of the lower
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Table 4. Cumulative risk of study endpoints according to body mass index (BMI) status.

BMI oM 12M 24M 36M 48M 60M 72M 84M 96M 108M 120M
<25
At risk 153 92 35 10 5 3 3 3 3 3 2
CNE 0 13 14 15 16 16 16 16 16 16 16
> 25
At risk 247 170 85 23 9 2 2 2 1 1 -
CNE 0 10 10 10 11 12 12 12 13 13 -
< 30
At risk 297 188 88 25 10 4 4 4 4 4 2
CNE 0 21 22 23 25 26 26 26 26 26 26
> 30
At risk 103 74 32 8 4 1 1 1 - - -
CNE 0 2 2 2 2 3 3 3 - - -
Total
At risk 400 262 120 33 14 5 5 5 4 4 2
CNE 0 23 24 25 27 28 28 28 29 29 29
CNE — cumulative number of events, M — months
Table 5. Cumulative risk of death according to body mass index (BMI) in selected intervals.
BMI oM 2M 24M 36M 48M 60M 72M 84M 96M 108 M 120 M
< 18.5
At risk 8 2 1 - - - - - - - -
CNE 0 1 1 - - - - - - - -
18.56 < BMI < 25
At risk 145 90 34 10 5 3 3 3 3 3 2
CNE 0 12 13 14 15 15 15 15 15 15 15
25 < BMI < 30
At risk 144 96 53 15 5 1 1 1 1 1 -
CNE 0 8 8 8 9 10 10 10 10 10 -
30 <BMI < 35
At risk 77 57 25 8 4 1 1 1 - - -
CNE 0 1 1 1 1 2 2 2 - - -
35 <BMI < 40
At risk 15 12 6 - - - - - - - -
CNE 0 0 0 — — — — = — — -
BMI > 40
At risk 11 5 1 - - - - - - - -
CNE 0 1 1 - - - - - - - -

CNE — cumulative number of events; M — months

limb infra-inguinal arteries during the long-term
follow-up period in comparison to the group of
obese patients.

Several studies assessing the impact of BMI
calculated before PCI have been published to

date [3-5]. It was demonstrated that in the case
of underweight, normal-weight and extremely
obese patients with a BMI > 35 kg/m” present an
increased death rate compared to other weights
during the long-term follow-up period [3]. This

www . cardiologyjournal.org

515



Cardiology Journal 2021, Vol. 28, No. 4

100
—— Underweight (BMI < 18.5)
901 —— Normal weight (18.5 < BMI < 25)
Overweight (25 < BMI < 30)
80 1 Class | obesity (30 < BMI < 35)
——— Class Il obesity (35 < BMI < 40)
701 — Class Ill obesity (BMI = 40)
_ 60
= 501
= 40
30
20
10 1
0 T T T T T T T T T T
0 12 24 36 43 60 72 84 96 108 120
Months

Figure 2. Months to death for grouping variable body
mass index (BMI). The log-rank test p-value is equal to 0.26.

correlation in patients with CAD treated using
PCI has been described as the “obesity paradox”.
Several explanations and mechanisms have been
attributed to this phenomenon. One of them is
that obese patients are younger, which correlates
to longer survival rate [3]. This relationship was
also visible in the current analysis concerning
patients with PAD. However, previously pub-
lished studies combined the lower mean age with
smaller rates of co-morbidities and less advanced
atherosclerosis [3]. While some patterns of more
advanced atherosclerosis like lesion length or
the percentage of CTO lesions in patients with
lower BMI were observed in the current study,
the rate of co-morbidities such as diabetes and
CAD was significantly higher in patients from
higher BMI groups (> 25 kg/m” and > 30 kg/m®).
Previously published studies included endocrine
status modified by adipose tissue and the size of
coronary vessels among the other factors possibly
responsible for the protective effect of obesity
in patients with CAD treated using PCI [10, 11].
Obesity is widely recognized as a risk factor of
atherosclerosis and related complications such
as cardiovascular events and mortality. However,
there are some data that do not confirm this rela-
tionship in patients with CAD [12]. Despite the
fact that the World Health Organization endorses
the use of BMI as the best measure for screening
obesity, some studies demonstrated that it is not
sufficient in assessing the amount of adipose tis-
sue but is related to other indices such as waist/

/hip ratio [13, 14]. Bioelectrical impedance analy-
sis and muscle handgrip strength measurement
are among the best devices for estimating muscle
mass and adipose tissue [15]. Another factor that
may affect mortality in obese patients is better ad-
herence to medical recommendations in the field
of pharmacotherapy and prevention in this group
of patients [16]. Antiplatelet and antithrombotic
therapy related to bleeding complications was also
found to have a potential relationship with clinical
outcomes after PCI and CAD [17, 18].

The research related to the relationship be-
tween long-term survival and BMI in patients with
PAD is very limited [7-9]. To our knowledge, this is
the first study describing the relationship between
BMI and clinical outcomes in patients with PAD
treated using angioplasty from retrograde access.
The study published by Kumakura et al. [7] includ-
ing 652 patients with PAD confirmed the presence
of the “obesity paradox” phenomenon in this group
of patients. The authors indicated glomerular
filtration rate, critical limb ischemia (CLI) and
diabetes to be among other predictors of mortal-
ity in patients with PAD. The study published by
Murata et al. [8] including 1,088 patients and com-
prising 1,306 limbs with critical ischemia treated
with endovascular therapy confirmed the previ-
ously discovered relationship in patients with CAD
treated using PCI. This study demonstrated that
underweight patients with CLI are at increased risk
of death during the median follow-up of 1.5 years
compared to overweight and obese patients. Also,
normal weight was associated with poorer survival
rate during the follow-up compared to overweight
and obese patients [8]. Furthermore, age, heart
failure, aortic valve stenosis, renal failure, serum
albumin, medication with anticoagulants and non-
ambulatory status were found to be negative pre-
dictors related to all-cause mortality [8]. Among
the possible mechanisms, the authors suggest
that malnutrition, related to low triglyceride level
in patients with PAD, may be related to increased
risk of death [7]. One of the published studies
attributed the “obesity paradox” phenomenon in
patients with PAD to the presence of concomi-
tant COPD [19]. A similar correlation in patients
with COPD between BMI and mortality has been
previously demonstrated [20]. The incidence of
COPD in the study published by Galal et al. [19]
almost reached 47%, while in our study, it was only
slightly above 10%. The impact of COPD in the
current study was too low to modify the general
relationship between BMI and mortality. More-
over, among the subgroup of patients with COPD
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in the current study, the relationship between
death rate and BMI was not significant during the
follow-up period. Considering the discussions on
the issue of a number of potential mechanisms
contributing to the development of the so-called
“obesity paradox” in patients with CAD and PAD
treated with percutaneous interventions, the role
of sarcopenia has been superficially discussed.
It has been demonstrated in several studies that
sarcopenia is associated with increased mortality
[21, 22]. The so-called U-shaped mortality curve
relation to BMI could be owed to sarcopenia in
underweight patients, while increased death rates
in patients from severe and higher obesity classes
may be related to the overwhelming influence of
negative factors connected with obesity such as
inflammatory processes or oxidative stress and
lipid disorders [3].

In the case of patients with reduced body
mass, muscle mass plays crucial role, and it has
been demonstrated in the group of patients with
COPD undergoing rehabilitation that both resist-
ance training as well as endurance training have
a positive effect on mortality [23]. For patients
with PAD endurance training may be difficult to
achieve due to limited walking, but any physical
activity leading to increased muscle mass seems
to be beneficial and should be recommended for
every patient with PAD. In addition, every patient
undergoing ER with PAD should be informed about
the fact that underweight and lower body weight is
associated with increased mortality in the follow-up
period. It should be remembered that the risk of re-
vascularization, even in patients with a significantly
higher risk of death in the follow-up period due to
low body weight at baseline, is lower in patients
treated percutaneously than in surgery. Therefore,
in the case of limb threat with amputation and the
possibility of percutaneous treatment, it does not
seem advisable to postpone the procedure in order
to increase muscle mass and body weight in terms
of improving prognosis.

Limitations of the study

Several limitations can be attributed to the
current study. One of them is that the current
group of patients was extracted from a group of
834 patients treated from retrograde access and
was limited to 405 patients due to lack of BMI
data, despite the fact that the BMI deficiencies
were random and were not associated with any
particular factor. This could have significantly af-
fected the results.

Conclusions

The BMI value at baseline in patients with
PAD undergoing ER of CTOs of the infra-inguinal
lower limb arteries from retrograde access is as-
sociated with mortality during the follow-up period.
Underweight and normal-weight persons are at
increased risk of death after angioplasty when
compared to obese individuals. Therefore, any
physical activity leading to increased muscle mass
seems to be beneficial and should be recommended
to every PAD patient.

Availability of data and materials

The datasets generated and/or analyzed dur-
ing the current study are available from the cor-
responding author upon reasonable request.
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Abstract

Background: Transcatheter left atrial appendage closure (LAAC) is performed either in conscious
sedation (CS) or general anesthesia (GA), and limited data exist regarding clinical outcomes for the
two approaches. The aim of the study was to analyze the effect of CS versus GA on acute outcomes in
a large patient cohort undergoing LAAC with a Watchman occluder.

Methods: A cohort of 521 consecutive patients underwent LAAC with Watchman occluders at two
centers (REGIOMED hospitals, Germany) between 2012 and 2018. One site performed 303 consecutive
LAAC procedures in GA, and the other site performed 218 consecutive procedures in CS. The safety
endpoint was a composite of major periprocedural complications and postoperative pneumonia. The
efficacy endpoint was defined as device success.

Results: After a 1:1 propensity score matching, 196 (CS) vs. 115 (GA) patients could be compared.
In 5 (2.6%) cases CS was converted to GA. The primary safety endpoint (3.5% [CS] vs. 7.0% [GA],
p = 0.18) and its components (major periprocedural complications: 2.5% vs. 3.5%, p = 0.73; postopera-
tive pneumonia: 2.6% vs. 4.3%, p = 0.51) did not differ between the groups. Also, device success was
comparable (96.9% vs. 93.9%, p = 0.24).

Conclusions: In patients undergoing LAAC with the Watchman device, conscious sedation and gen-
eral anesthesia showed comparable device success rates and safety outcomes. The type of anesthesia for
LAAC may therefore be tailoved to patient comorbidities, operator experience, and hospital logistics.
(Cardiol ] 2021; 28, 4: 519-527)
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Introduction

Left atrial appendage closure (LAAC) is a de-
vice-based method for stroke prevention in patients
with atrial fibrillation (AF), who have absolute or
relative contraindications for oral anticoagulation
(OAC) [1, 2]. Substantial evidence exists for the
Watchman occluder (Boston Scientific, Marlbor-
ough, MA, US), which has been in clinical use since
2005. Compared to warfarin, it provides compara-
ble efficacy in long-term prevention of all-cause
stroke. Furthermore, it reduces cardiovascular
mortality and major bleeding events, particularly
hemorrhagic stroke [3]. Because LAAC is a purely
preventive treatment, without any immediate
benefit for the patient, it is mandatory to keep
periprocedural complications as low as possible.
Due to the complex anatomy and topography of the
left atrial appendage (LAA), the procedure can be
demanding. Procedural success and adverse events
depend on several factors, such as patient char-
acteristics and comorbidities, experience of the
operating physician and team, technical features
of the device, intraprocedural cardiac imaging, and
possibly the type of anesthesia. Most centers prefer
procedural guidance by transesophageal echocar-
diography (TEE), which requires either sedation
or full anesthesia to improve patient comfort and
tolerance of the TEE probe. One option is general
anesthesia (GA), which allows control of airways,
ventilation, and patient movement. The other is
conscious sedation (CS) with the patient spontane-
ously breathing. Previous studies investigating the
type of anesthesia used during other heart disease
interventions could not establish superiority of any
one method but documented shorter postoperative
monitoring or length of hospital stay in CS [4-10].
Data on the impact of CS or GA on periprocedural
outcomes in LAAC are lacking. Therefore, the aim
of this study was to compare both methods with
regard to device success and major periprocedural
complications, including postoperative pneumonia,
as well as length of postoperative monitoring based
on the results of two propensity-matched, real-
-world registries.

Methods

Study cohort

All consecutive patients, who underwent
LAAC with Watchman occluders at two centers
(REGIOMED hospitals Coburg and Lichtenfels,
Germany), were prospectively enrolled in an ob-
servational registry. At the Lichtenfels site, where

inclusion started in 2012, all patients were treated
exclusively under GA. The Watchman program at
the Coburg site started in 2016, and all interven-
tions were performed primarily under conscious
sedation (Fig. 1). Indications for LAAC were based
on current guidelines and recommendations [1, 2].
Exclusion criteria were active infection, pregnancy,
and indications for OAC other than AF. A retrospec-
tive post-hoc analysis of demographic character-
istics, procedural data, and clinical outcomes was
performed for all patients in a standardized manner.
Adverse events were adjudicated by a clinical event
committee of two independent physicians and, in
cases of disagreement, by a third referee. The study
complies with the Declaration of Helsinki. It was
conducted according to local ethical standards and
requirements, and all patients provided written
informed consent.

LAAC procedure

The characteristics of the Watchman device
and procedural aspects were previously described
in detail [11]. Generally, the occluder was im-
planted via a transseptal puncture and use of
a delivery sheath. In both groups, all procedures
were performed in a catheterization laboratory
and were both guided by TEE and fluoroscopy.
However, procedural settings, postoperative
monitoring, and antithrombotic medical therapy
differed between the two centers: For the GA
group, the team comprised 3 to 4 doctors (1 or
2 interventional cardiologists, one TEE guide,
one anesthesiologist) and 4 nurses (Fig. 2). All
patients were orotracheally intubated and me-
chanically ventilated. In the majority of cases, the
anesthesia was a combination of propofol and an
opioid (fentanyl or remifentanil). Extubation was
aimed to be performed in the catheterization labo-
ratory immediately after the procedure, whenever
possible. The standard protocol provided a postop-
erative monitoring in the intermediate care (IMC)
unit for 24 hours. According to the PROTECT-AF
study, postoperative antithrombotic therapy con-
sisted of OAC plus acetylsalicylic acid (ASA) for
45 days followed by dual antiplatelet therapy
with ASA and clopidogrel for 6 months [12]. In
the CS group, the operating team consisted of
3 cardiologists (2 interventionalists, 1 TEE guide)
and 3 nurses, all with expertise in propofol seda-
tion and intensive care unit (ICU) skills (Fig. 2).
All patients received local anesthesia with mepiv-
acaine 1% at the puncture site and lidocaine pump
spray for introduction of the TEE probe. Patients
were spontaneously breathing, and conversion to
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| 521 patients undergoing Watchman left atrial appendage closure at 2 centers

!

Center 1: conscious sedation
(n=218)

!

!

Center 2: general anesthesia
(n=301)

!

| 1:1 propensity score matching

Conscious sedation

(n = 196)

!

General anesthesia
(n = 115)

Y

Safety endpoint:
Major periprocedural complications and postoperative pneumonia
Efficacy endpoint:
Device success

Figure 1. Study flow chart.

GA was only performed in case of respiratory or
hemodynamic instability. For sedation, a 1-5 mg
bolus of midazolam was administered. In addi-
tion, propofol was administered continuously at
the lowest dose possible. The standard protocol
required 4 hours of postoperative monitoring in
the IMC unit. The postprocedural antithrombotic
regimen consisted of dual antiplatelet therapy
with ASA and clopidogrel for 3 months.

Definitions and endpoints

Demographic, clinical, and procedural charac-
teristics, as well as adverse events and endpoints,
were reported according to the current recommen-
dations of the European Heart Rhythm Association
and the European Association of Percutaneous
Cardiovascular Interventions, the Bleeding Aca-
demic Research Consortium (BARC), the Valve
Academic Research Consortium criteria, and the
Cardiovascular and Stroke Endpoint Definitions
for Clinical Trials [13-16]. Device success was
defined as correct deployment and implantation of
the LAA occluder. Major periprocedural complica-
tions included death (< 72 hours after the index
procedure), stroke, device embolization, cardiac
tamponade or pericardial effusion requiring inter-
vention, major bleeding (> BARC type 3a), need
for bailout surgery, need for cardio-pulmonary
resuscitation, severe kidney injury, and other rel-
evant complications leading to prolonged hospital
stay. The safety endpoint was a composite of the
mentioned major periprocedural complications and
postoperative pneumonia. The efficacy endpoint
was defined as device success.

Statistical analysis

Statistical analyses were performed with the
Graph Pad Prism 8 software (GraphPad Inc. La
Jolla, California, USA). Categorical variables are
presented as actual numbers and percentages and
compared using the Fisher’s exact test. Continu-
ous variables are summarized as mean * standard
deviation (SD) or as medians with corresponding
interquartile range (IQR) and compared using an
unpaired t-test. Findings were considered statis-
tically significant at the 0.05 level. We performed
a propensity score matching for the likelihood of
performing LAAC under conscious sedation or
general anesthesia with a ratio of 1:1 with replace-
ment using the R software, the package “Matchlt”
and “cobalt” [17-19]. The quality of the matching
was assessed in two ways: there was a standardized
difference of < 0.10 for each baseline covariable
and there was no significant difference in the co-
variables among the two groups using a univariate
logistic regression or unpaired t-test.

Results

Patient characteristics

Between November 2016 and May 2018, 218
patients underwent LAAC with Watchman occlud-
ers under CS at the Coburg site, and respectively
303 received Watchman devices under GA at the
Lichtenfels site, between February 2012 and April
2017. After a 1:1 propensity score matching, 196
(CS) vs. 115 (GA) patients were compared (Fig. 1).
Baseline characteristics are shown in Table 1. The
prevalence of female gender (49.0% [CS] vs. 36.5%
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Table 1. Baseline characteristics.

Conscious sedation General anesthesia P
(n = 196) (n = 115)
Age at time of LAAC [years] 78.0 = 7.3 77.0 £ 6.8 0.23
Female gender 96 (49.0%) 42 (36.5%) 0.03
Body mass index [kg/m?] 29.7 £ 6.4 29.5 + 5.1 0.69
Permanent/persistent AF 105 (53.6%) 77 (67.0%) 0.02
Arterial hypertension 185 (94.4%) 101 (87.8%) 0.04
Diabetes mellitus 67 (34.2%) 40 (34.8%) 0.91
Coronary artery disease 113 (567.7%) 60 (52.2%) 0.35
Prior PCI/CAGB 88 (44.9%) 47 (40.9%) 0.49
LVEF [%] 53.1 = 11.9 55.1 £ 9.5 0.12
Congestive heart failure 59 (30.1%) 29 (25.2%) 0.36
Glomerular filtration rate [mL/min] 55.3 + 26.0 56.2 + 22.8 0.75
Severe lung disease 14 (7.1%) 11 (9.6%) 0.45
Liver disease 12 (6.1%) 17 (14.8%) 0.01
CHA,DS,-VASc score 48 1.4 4.6 = 1.7 0.40
HAS-BLED score 3.4 %08 3409 0.63

Categorical variables are expressed as frequencies (n) and percentages (%). Continuous data is reported as mean and standard deviation;
AF — atrial fibrillation; CABG — coronary artery bypass grafting; LAAC — left atrial appendage closure; LVEF — left ventricular ejection fraction;

PCI — percutaneous coronary intervention

[GA], p = 0.03) and arterial hypertension (94.4%
vs. 87.8%, p = 0.04) was higher in the CS group.
The rate of permanent/persistent AF (53.6% vs.
67.0%, p = 0.02) and liver disease (6.1% vs. 14.8%,
p = 0.01) was higher in the GA group. All other
baseline characteristics were comparable, espe-
cially age (78.0 £7.3 [CS] vs. 77.0 = 6.8 [GA],p =
= 0.23), stroke and bleeding risk (CHA,DS,-VASC
score: 4.8 + 1.4vs. 4.6 + 1.7, p = 0.40; HAS-BLED
score: 3.4 = 0.8 vs. 3.4 £ 0.9, p = 0.63), as well as
renal function (glomerular filtration rate [mL/min]:
55.3 + 26.0 vs. 56.2 = 22.8, p = 0.75) and severe
lung disease (7.1% vs. 9.6%, p = 0.52).

Procedural characteristics

Procedural aspects are depicted in Table 2.
All interventions were guided by TEE, apart from
1 case of intracardiac echocardiography in the CS
group. In the CS group the rate of implantation
attempts (1.2 = 0.6 [CS] vs. 1.6 = 0.9 [GA], p <
< 0.001) and use of contrast media were lower
(median, mL: 50 [IQR 30-60] vs. 90 [IQR 70-113],
p £0.001); furthermore, fluoroscopy (median, min:
7 [IQR 5-10] vs. 10 [IQR 7-19], p < 0.001) and
procedure (median, min: 41 [IQR 35-55] vs. 49
[IQR 38-65], p = 0.02) times were shorter. In
5 (2.6%) patients CS was converted to GA: in
1 case due to LAA perforation with cardiogenic
shock, in another due to epistaxis with aspira-

tion, and in 3 patients due to respiratory failure.
The primary safety endpoint (3.5% [CS] vs. 7.0%
[GA], p = 0.18) did not differ significantly between
the groups. Also, its components, postoperative
pneumonia (2.6% vs. 4.3%, p = 0.51), and major
periprocedural complications (2.5% vs. 3.5%,
p = 0.73) were comparable (Fig. 3).

In the CS group, 1 case of procedure-related
death occurred in an 87-year-old, female patient,
who suffered from a major stroke shortly after the
intervention. Cerebral computed tomography after
24 hours demonstrated relevant ischemic cerebral
infarction, and the patient died 3 days after the
index procedure. Device success was comparable
between the groups (96.9% vs. 93.9%, p = 0.24).
As provided by the standard protocol of each center,
postoperative monitoring was significantly shorter
in the CS group (median, hours: 4.0 = 59.9 vs.
24.0 = 10.8, p = 0.03; Fig. 3). Both groups show
large standard deviations due to patients with
periprocedural complications, who were treated
for several days or weeks in the ICU.

TEE follow-up and 30-day mortality

Due to logistic reasons, the TEE follow-up rate
1s incomplete in the CS group and differs between
the groups (62.2% [CS] vs. 100% [GA], p < 0.0001)
(Table 3). Therefore, a numerically lower rate of
device-related thrombus was observed in the CS
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Table 2. Procedural characteristics.

Conscious sedation General anesthesia P
(n = 196) (n = 115)
Conversion from CS to GA 5 (2.6%)
TEE guidance 194 (99.5%) 115 (100.0%) 0.44
Device success 190 (96.9%) 108 (93.9%) 0.20
Implantation attempts 1.2 £ 0.6 1.6 £ 0.9 < 0.0001
Fluoroscopy time [min] 7 (IQR 5-10) 10 (IQR 7-19) < 0.0001
Procedure time [min] 41 (IQR 35-55) 49 (IQR 38-65) 0.0002
Total contrast volume [mL] 50 (IQR 30-60) 90 (IQR 70-113) < 0.0001
Postoperative monitoring [h] 4 (IQR 4-4) 24 (IQR 22-24) 0.03
Length of hospital stay [days] 13 (IQR 6-16) 3 (IQR 3-8) < 0.0001
Primary safety endpoint 7 (3.5%) 8 (7.0%) 0.18
Postoperative pneumonia 5 (2.6%) 5 (4.3%) 0.39
Major periprocedural complication: 5 (2.5%) 4 (3.5%) 0.64
Death 1 (0.5%) 0 (0.0%) 0.44
Stroke 1 (0.5%) 0 (0.0%) 0.44
Pericardial tamponade 2 (1.0%) 4 (3.5%) 0.13
Major bleeding 3 (1.5%) 4 (3.5%) 0.26
Major access vessel complication 1 (0.5%) 1(0.9%) 0.70
Need for bailout surgery 0 (0.0%) 0 (0.0%) 1.0
Device embolization 0 (0.0%) 0 (0.0%) 1.0
Severe kidney injury 0 (0.0%) 1(0.9%) 0.44
Cardiogenic shock 2 (1.0%) 0 (0.0%) 0.28
Need for cardiopulmonary resuscitation 1(2.5%) 0 (0.0%) 0.28

Categorical variables are expressed as frequencies (n) and percentages (%). Continuous data is reported as mean and standard deviation or as
median and interquartile range; CS — conscious sedation; GA — general anesthesia; TEE — transesophageal echocardiography

group (0.8% vs. 5.2%, p = 0.01). The rate of major
peri-device leaks (> 5 mm) was comparable between
the groups (2.8% vs. 1.4%, p = 0.47). Thirty-day
mortality was similar for both groups (3.6% vs.
1.4%, p = 0.47) (Fig. 4): In the CS group, 7 patients
had died at 30-day follow-up for the following rea-
sons: unexplained death (80 and 88 years old, both
male), heart failure (85 and 75 years old, both male),
liver failure (70 years old, male), pancreatic cancer
(86 years old, male), and stroke (87 years old, fe-
male). In the GA group, a 71-year-old male patient
died due to unexplained reasons, a 70-year-old male
patient due to pneumonia 3 weeks after the index
procedure, and an 87-year-old female patient due
to spontaneous retroperitoneal hematoma 25 days
after the index procedure.

Discussion

Over the last decade, LAAC has become an
accepted procedure and is offered in many centers.
Commonly, procedural imaging is necessary to

guide this often complex intervention. One guid-
ing tool is intracardiac echocardiography, which
avoids anesthesia and its associated potential risks.
However, most centers use TEE, which is widely
available, less expensive, and offers superior imag-
ing quality. In many centers, general anesthesia is
used to improve patient comfort and tolerance to
the procedure.

Currently, there are limited data regarding the
impact of the anesthesiologic strategy in LAAC
on procedural, peri-procedural, and later clinical
outcomes: A case series in 11 patients investigated
LAAC under sedation and noninvasive ventilation
[20]. In all patients, clinical outcome was unevent-
ful, with a high degree of satisfaction of the medical
team.

The present study is the first that directly
compares CS and GA for LAAC with Watchman oc-
cluders based on the results of propensity-matched
data from two real-world registries.

Our main findings are: (1) CS and GA are
equally effective for device success; (2) both meth-
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Table 3. Transesophageal echocardiography (TEE) follow-up and 30-day mortality.

Conscious sedation General anesthesia P
(n = 196) (n = 115)
TEE performed 122 (62.2%) 115 (100.0%) < 0.0001
Device-related thrombus 1 (0.8%) 6 (5.2%) 0.01
Peri-device leak (> 5 mm) 9 (8.6%) 9 (7.8%) 0.24
30-day mortality 7 (3.6%) 3 (1.4%) 0.47

Categorical variables are expressed as frequencies (n) and percentages (%).

101

p =047

Percent [%]

WS (n=196)
EGA (n = 115)

Figure 4. 30-day mortality; CS — conscious sedation;
GA — general anesthesia.

ods offer comparable safety with regard to major
periprocedural complications and postoperative
pneumonia; (3) the type of anesthesia does not af-
fect 30-day mortality; and (4) CS requires shorter
postoperative monitoring and less personal and
logistic resources.

These observations are in line with other stud-
ies that investigated the impact of CS and GA on
outcomes in other structural interventions such as
percutaneous mitral valve repair or transcatheter
aortic valve implantation (TAVI) [4-10]. Those
studies report no differences in procedural success
or clinical outcomes according to the type of an-
esthesia. In the present study, device success was
comparable to the implant success rate (95.8%) of
the worldwide largest National Cardiovascular Data
Registry (NCDR) with 38,158 procedures, captured
between 2016 and 2018 [21]. The NCDR reports
a fairly low rate of major periprocedural complica-
tions (1.9%). The rates of adverse events in our
cohorts are higher, which may be attributable to
the older and more polymorbid patient population
of our study with higher CHA,DS,-VASc and HAS-

-BLED scores and the much shorter timeframe of
treatment starting from 2012.

Similar to our results, the German Aortic Valve
Registry reported shorter procedure and fluoros-
copy times for CS [9]. The United States post-Food
and Drug Administration approval Watchman reg-
istry of 3822 patients reported a median procedure
time of 50 min [22]. In comparison, our results with
a median of 49 min for the GA and 41 min for the
CS group are comparable. Despite speedier inter-
ventions in our CS group arm, we observed fewer
implantation attempts and lower contrast volume
in this group. The most likely reason for this is that
in the GA group patient enrollment started 4 years
earlier, which affects expertise with the procedure
and explains the differences in operation times,
contrast use, and implantation attempts between
our two groups. The PROTECT-AF trial and the
continued access registry showed — as in all in-
terventional procedures — a learning curve of the
performing teams with a substantial improvement
in procedural speed and success, as well as a signifi-
cant decrease in procedure-related complications
[23]. However, another potential reason for these
findings may be the type of anesthesia: General
anesthesia avoids excess salivary secretion and
consequent coughing and unexpected moving.
This enables a more meticulous transseptal punc-
ture, several measurements of the LAA, as well
as repetitive re-positioning or replacement of the
device if necessary. Therefore, GA is often deemed
more appropriate for operators and hospitals at the
beginning of their learning curves, whereas CS,
which considerably streamlines the procedure,
is a valuable option for high-volume centers with
experienced operators and teams.

As outlined, in our CS group, 5 (2.6%) patients
had to be converted to GA. Respiratory failure with
the need for temporary non-invasive ventilation
or orotracheal intubation is a common adverse ef-
fect of deep conscious sedation, but most of these
cases recover rapidly and uneventfully. Indeed, all
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3 patients who suffered respiratory depression
could be extubated on the same day. Despite choos-
ing CS as the primary anesthesiologic approach,
the team has to be prepared for speedy conversion
to GA if necessary. In a single logistic regression
analysis, we were unable to detect any predictors
for respiratory depression in our group, which is
due to the low numbers.

Conceptually, CS might be associated with an
increased aspiration risk caused by hypersalivation
due to the TEE probe. However, studies investigat-
ing GA and CS in patients undergoing percutaneous
mitral valve repair observed no differences regard-
ing the development of postoperative pneumonia,
which is similar to our findings [4, 6]. In those
studies, the rate of postoperative pneumonia varied
between 3.3% and 6.7%, which is comparable to
the rate observed in the present study, in which all
patients received peri-interventional prophylactic
antibiotics according to the guidelines. Also, for
postoperative pneumonia and due to the low event
rates, we found no relevant predictors in the logis-
tic regression analysis.

With regard to 30-day mortality, rates were
comparable between the groups but higher than
observed in the EWOLUTION registry (0.4%)
[24]. Nonetheless, after 1 year, the EWOLUTION
registry reported a relatively high mortality rate
of 9.8%, reflecting the elderly, fragile, and mul-
timorbid LAAC patient population in European
countries [25]. Individual patient characteristics
such as biological and social status, the burden
of comorbidities, quality of life, frailty, and an-
ticipated residual lifespan should be considered
when planning LAAC in elderly patients. With
regard to postoperative monitoring, the standard
protocol of the two centers required 4 hours
for CS and 24 hours for GA. Other investiga-
tions documented consistently shorter IMC/ICU
hours after CS only [4-10]. In addition, Toppen
et al. [7] reported a higher quality of life at 30-
-day follow-up and a decrease in direct costs in
patients, who received TAVI under CS. How-
ever, shorter postoperative monitoring seems
not to affect overall length of hospital stay [4].
In the present study, in the GA group LAAC was
performed as an elective procedure, whereas in
the CS group patients were mostly hospitalized
for other reasons, which is clearly the reason for
the longer hospital stay in the latter group.

Limitations of the study
Due to its retrospective, non-randomized, and
observational design, as well as the different proce-

dural settings of the GA and CS groups, the present
study has several limitations. Due to its relatively
small sample size, our study was not powered
to detect differences in procedural and clinical
outcomes. Despite good comparability of the two
groups with regard to baseline characteristic due
to propensity score matching, confounders may
persist, e.g. differences in the rates of gender, arte-
rial hypertension, permanent AE and liver disease.
Furthermore and importantly, at the Lichtenfels
site, patient enrollment started 4 years earlier and
included the learning curve of the center, which
likely impacted on the longer intervention and
fluoroscopy times, as well as more implantation
attempts and the use of greater amounts of contrast
volume in this group. Regarding TEE follow-up,
it was incomplete in the CS group and was not
analyzed in a core laboratory, which may have led
to an underreporting of device-related thrombus
and peri-device leaks in this group.

Conclusions

In patients undergoing LAAC with the Watch-
man occluder, general anesthesia and conscious
sedation provided comparable safety, efficacy, and
device success, but CS shortened postoperative
monitoring. Therefore, the type of anesthesia for
LAAC may be tailored to patient characteristics,
operator experience, and hospital logistics.
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Abstract

Background: Although a shorter hemostasis duration would be expected when compared with the
conventional radial approach as the diameter of the distal radial artery is smaller than that of the con-
ventional radial artery, the optimal duration of hemostasis in diagnostic coronary angiography (CAG)
via the distal radial approach, termed the snuffbox approach, has not been well investigated.
Methods: Data from 171 patients were retrospectively collected (55 and 116 patients in the 4-French
[Fr] and 5-Fr sheath groups, respectively). The patients had suspected myocardial ischemia and were
undergoing diagnostic CAG via the snuffbox approach at a single center between January 2019 and
August 2019.

Results: The mean age of the study population was 67.6 = 11.0 years, and 69% were male. The left
snuffbox approach was performed in 146 (85.4%) patients. The mean snuffbox puncture time, defined as
the time interval between local anesthesia and sheath cannulation, was 145.1 = 120.8 s. The hemostasis
duration was significantly shorter in the 4-Fr sheath group than in the 5-Fr sheath group (70 [62-90]
vs. 120 [120-130] min; p < 0.001). There were local hematomas, defined as <5 cm in diameter, at
the puncture site in 8 (4.7%) patients. Moreover, there were no conventional and distal radial artery
occlusions, assessed by manual pulse, after hemostasis in the study population during hospitalization.
Conclusions: Successful hemostasis was obtained within 2 h for diagnostic CAG via the snuffbox ap-
proach using the 4-Fr or 5-Fr sheaths. (Cardiol ] 2021; 28, 4: 528-533)

Key words: coronary angiography, coronary catheterization, hemostasis, radial artery

Introduction

The conventional radial artery approach in
coronary angiography (CAG) is currently preferred
due to several advantages (e.g., reduced vascular
complications, patient comfort, and early ambula-
tion) when compared with the femoral approach
[1-3]. Because of these advantages, it is recom-
mended as the first and standard approach for CAG
and percutaneous coronary intervention (PCI) in
the current guidelines [4]. However, radial artery

occlusion remains the most common local vascular
complication, with a reported incidence of between
0.8% and 30% [5]. Furthermore, significant access-
site complications, including pseudoaneurysm and
arteriovenous fistulas, which occasionally require
surgery or transfusions, cannot be avoided [6].
Recently, the distal radial approach, termed
the snuffbox approach, has gained the interest of
interventional cardiologists because it may have
fewer complications than the conventional radial
artery approach. The feasibility of the snuffbox
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approach for coronary catheterization has been
demonstrated in several studies, showing potential
benefits in terms of less bleeding and few access-
site complications [7-14]. With respect to hemo-
stasis in the snuffbox approach, a shorter hemo-
stasis duration would be expected compared with
the conventional radial approach as the diameter
of the distal radial artery is significantly smaller
than that of the conventional radial artery [15,
16]. However, the optimal duration for hemostasis
after CAG via the snuffbox approach has not been
well investigated. Therefore, the aim of the study
was to investigate the hemostasis duration after
diagnostic CAG via the snuffbox approach using
either a 4-French (Fr) or 5-Fr sheath.

Methods

Data was collected retrospectively from pa-
tients with suspected myocardial ischemia, at
a single center, who underwent diagnostic CAG via
the snuffbox approach between January 2019 and
August 2019. A single operator (Y.K.) attempted
the snuffbox approach in patients who had a well-
-palpable pulse in the anatomical snuffbox area. The
study protocol was approved by the institutional
review board of Chonnam National University
Hospital (approval number: CNUH-2019-280), who
waived the requirement for informed consent ow-
ing to the retrospective observational study design.

Local anesthesia was achieved through a 1-mL
lidocaine hydrochloride injection into an anatomical
snuffbox with a 26-gauge needle. Thereafter, punc-
ture was performed using a 21-gauge open needle
using the anterior wall puncture technique. After
a successful puncture, a 0.018-inch hair wire was
inserted; this was followed by the insertion of a 4-Fr
or 5-Fr radial sheath (Prelude Radial®; Merit Medi-
cal, UT, USA). The selection of the sheath size was
left at the physician’s discretion. After successful
sheath cannulation, a cocktail including 2.5 mg of
verapamil, 0.2 mg of nitroglycerine, and 3000 units
of unfractionated heparin was administered before
catheterization in all patients. Hemostasis was
obtained using a compressive bandage with gauze
(Suppl. Video 1). A local hematoma was defined
if the hematoma was < 5 cm in diameter accord-
ing to Early Discharge After Transradial Stenting
of Coronary Arteries (EASY) classification I [17].

Statistical analysis

All categorical variables were presented as
numbers with percentages and were analyzed
using the y” test or Fisher exact test. Continuous

variables were expressed as mean with standard
deviation or median with interquartile ranges
and were compared using the un-paired t-test or
Mann-Whitney U test, as appropriate. Statistical
analyses were conducted using R version 3.5.0
(R Foundation for Statistical Computing, Vienna,
Austria) and SPSS 22.0 for Windows (SPSS-PC,
Chicago, IL, USA).

Results

Between January 2019 and August 2019, there
were a total of 474 consecutive patients who had
planned to undergo CAG or PCI by single operator.
Among them, cases of conventional radial or femo-
ral approach, failed snuffbox punctures, failed CAG,
PCI, and CAG using a 6-Fr sheath were excluded.
Therefore, a total of 171 patients were selected
who underwent successful diagnostic CAG via the
snuffbox approach using a 4-Fr (n = 55) or 5-Fr
sheath (n = 116) (Fig. 1).

During the study period, the success rate
with the snuffbox approach was 97.2% (380/391).
Baseline clinical characteristics of the study popu-
lation, including the 4-Fr and 5-Fr sheath groups,
are shown in Table 1. The mean age was 67.6 +
+ 11.0 years and 118 (69.0%) patients were male.
There were no differences in body mass index,
systolic and diastolic blood pressure, hyperten-
sion, diabetes mellitus, chronic kidney disease,
and periprocedural anti-thrombotic medication.
The 5-Fr sheath group had a higher composition of
male than the 4-Fr sheath group. The most com-
mon reason for CAG was a suspicious coronary
artery disease (95.3%).

The mean and median hemostasis durations
were significantly shorter in the 4-Fr sheath group
than the 5-Fr sheath group, as shown in Figure 2
(88.4 = 42.0 and 70 [62-90] min vs. 134.0 = 35.2
and 120 [120-130] min; p < 0.001). With respect to
puncture-site complications, there were no conven-
tional and distal radial artery occlusions, assessed
by manual pulse, during hospitalization. Local
hematomas occurred in 8 (4.7%) cases, including
3 cases in the 4-Fr group and 5 cases in the 5-Fr
group. There were no cases of puncture-related
local numbness or major bleeding complications
requiring surgery or transfusions, as shown in
Table 2.

Discussion

In the present study, the median hemostasis
durations were about 1 h and 2 h in the 4-Fr and
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474 consecutive patients who underwent CAG or PCI
(January 2019-August 2019)
64 Radial approach [
19 Femoral approach I
391 patients who underwent the snuffbox approach
for CAG or PCI

A

11 Failed puncture
2 Failed CAG (subclavian tortuosity)
156 PCI
16 CAG using 6-Fr sheath <
12 FFR assessment J
17 No record of hemostasis duration
6 Delayed hemostasis at ER

4

Study population that underwent successful CAG
via snuffbox approach (n = 171)

!
: ;

CAG using 4-Fr sheath CAG using 5-Fr sheath
(n = 59) (n = 116)

Figure 1. Study flow chart; CAG — coronary angiography; PCl — percutaneous coronary intervention; FFR — frac-
tional flow reserve; ER — emergency room.

Table 1. Baseline clinical characteristics of the study population.

Patients Total (n = 171) 4 Fr (n = 55) 5 Fr (n = 116) P
Demographics
Age [years] 67.6 = 11.0 68.0 = 10.3 67.4 = 11.3 0.752
Male 118 (69.0%) 24 (43.6%) 94 (81.0%) < 0.001
Body mass index [kg/m?] 249 + 3.5 245 + 4.1 25.2 + 3.2 0.345
Vital signs
SBP [mmHg] 127.8 + 21.4 129.6 + 21.2 127.0 = 21.6 0.462
DBP [mmHg] 76.2 £ 14.2 77.9 £ 12.9 75.4 + 14.8 0.274
Heart rate [bpm] 76.4 = 13.5 79.3 = 13.1 75.0 = 13.5 0.055
Risk factors
Hypertension 130 (76.0%) 37 (67.3%) 93 (80.2%) 0.098
Diabetes mellitus 52 (30.4%) 14 (25.5%) 38 (32.8%) 0.428
Dyslipidemia 102 (59.6%) 29 (52.7%) 73 (62.9%) 0.270
Current smoking 27 (15.8%) 6 (10.9%) 21 (18.1%) 0.327
CKD (eGFR < 60 mL/min/1.73 m?) 42 (24.6%) 12 (21.8%) 30 (25.9%) 0.701
Laboratory findings
Hemoglobin [g/dL] 13.0 = 2.0 127 £ 1.9 13.1 = 2.1 0.231
Platelets [10%/mm?] 222 + 67 231+ 76 217 = 63 0.230
PT-INR 1.0 = 0.1 1.0 = 0.1 1.0 = 0.1 0.785
Final ACT 244.4 + 65.2 250.8 + 67.2 241.4 + 64.2 0.378
Reasons for CAG
Investigation for CAD 163 (95.3%) 52 (94.5%) 111 (95.7%) 0.741
Valvular heart disease 8 (4.7%) 3 (5.5%) 5 (4.3%) 0.741
Periprocedural anti-thrombotic medication
ASA loading 69 (40.4%) 22 (40.0%) 47 (40.4%) 0.949
Clopidogrel loading 90 (52.6%) 34 (61.8%) 56 (48.3%) 0.105
ASA 162 (94.7%) 49 (89.1%) 113 (97.4%) 0.056
=
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Patients Total (n = 171) 4 Fr (n = 55) 5 Fr (n = 116) P
P2Y12 inhibitor: 159 (93.0%) 49 (89.1%) 110 (94.8%) 0.293
Clopidogrel 153 (89.5%) 48 (87.3%) 105 (90.5%)
Ticagrelor 6 (3.5%) 1(1.8%) 5 (4.3%)
Oral anticoagulation 14 (8.2%) 4 (7.3%) 10 (8.6%) 0.799

UFH or LMWH injection

171 (100%)

55 (100%) 116 (100%)

Values are presented as mean = standard deviation or as number (%). ACT — activated clotting time; ASA — acetylsalicylic acid; CAD —
coronary artery disease; CAG — coronary angiography; CKD — chronic kidney disease; DBP — diastolic blood pressure; eGFR — estimated
glomerular filtration rate; LMWH — low molecular weight heparin; PT-INR — prothrombin time-international normalized ratio; SBP — systolic
blood pressure; UFH — unfractionated heparin

300+
p < 0.001 .
£ 200 K
3 i
£ 1001 X
e
88 = 42 134 £ 35
70 [62-90] 120 [120-130]
0 T T
4-Fr 5-Fr
n =55 n=116
( ) Sheath size ( )

Figure 2. Hemostasis duration during the snuffbox

approach according to sheath size.

5-Fr sheath groups, respectively. Moreover, there
were no conventional and distal radial artery occlu-
sions in any of the patients during hospitalization.
According to available research, this is the first
study reporting hemostasis duration during the
snuffbox approach according to sheath size.
Although several studies have reported that 3 h
could be enough to achieve successful hemostasis
with the compressive bandage method or using
a radial compression device, they did not suggest
an optimal hemostasis duration according to sheath
size, in PCI or in CAG [7-9]. Conversely, the cur-
rent study revealed common hemostasis duration
used in patients who underwent diagnostic CAG
using a 4-Fr or 5-Fr sheath. Despite the relatively
short hemostasis durations (1 h with 4-Frand 2 h
with 5-Fr sheaths), successful hemostasis, without
access-site complications, was achieved in most
patients; local hematoma (EASY classification I) oc-

Table 2. Snuffbox characteristics and puncture site complications.

Patients Total (n = 171) 4 Fr (n = 55) 5Fr(n =116) P
Snuffbox approach details
Puncture time
Mean [s] 145.1 = 120.8 161.2 = 148.3 137.4 = 105.1 0.288
Median [s] 104 [77.5-163] 105 [84.5-176] 104 [72-152] 0.371
Left snuffbox approach 146 (85.4%) 51 (92.7%) 95 (81.9%) 0.101
Hemostasis duration
Mean [min] 118.4 = 40.0 88.4 = 42.0 134.0 + 35.2 < 0.001
Median [min] 120 [93.5-125] 70 [62-90] 120 [120-130] < 0.001
Puncture site complications
Conventional RA occlusion 0 (0%) 0 (0%) 0 (0%)
Distal RA occlusion 0 (0%) 0 (0%) 0 (0%)
Local numbness 0 (0%) 0 (0%) 0 (0%)
Local hematoma 8 (4.7%) 3 (5.5%) 5 (4.3%) 0.934
Values are presented as mean =+ standard deviation or as number (%). RA — radial artery
www . cardiologyjournal.org 531
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curred in only 4.7% of the study population. There-
fore, diagnostic CAG via the snuffbox approach,
using a small size sheath, would be beneficial for
patients who require an earlier discharge to return
to their daily activities.

There were no conventional radial artery oc-
clusions observed in the present study. Although
there is concern that the sheath inserted through
the snuffbox approach could damage the conven-
tional radial artery, several studies demonstrated
that no conventional radial artery occlusion was
observed with successful hemostasis [7-10].
Hemostatic compression after conventional radial
approach can lead to blood flow interruption in the
conventional radial artery; the absence of blood
flow during hemostasis was a potent predictor of
conventional radial artery occlusion [18, 19]. Thus,
the snuffbox approach could be useful to preserve
an access route in patients who may have a repeat
coronary catheterization. In addition, the present
study suggests that the snuffbox approach may be
appropriate in providing an alternative access route
in patients with chronic kidney disease who need to
preserve their radial artery for the creation of an ar-
teriovenous fistula in the future. However, a further
prospective study is needed to confirm the patency
of the conventional radial artery after the snuffbox
approach using functional and imaging assessment.

Limitations of the study

This study has several limitations. First, this
study has the inherent limitations associated with
retrospective studies with small sample sizes.
Second, the hemostasis duration after the snuffbox
approach was evaluated without a control group.
Therefore, the presented results should only be
regarded as hypothesis generating. Third, although
a reduction in the risk of conventional and distal
radial artery occlusion is a potential benefit of the
snuffbox approach, the occurrence of radial artery
occlusion was evaluated only by manual pulse,
without vascular ultrasonography. Furthermore,
the patency of both radial arteries was not evalu-
ated after discharge. These limitations could lead
to an underestimation of access-site complications
such as pseudoaneurysm or delayed radial artery
occlusion.

Conclusions

Successful hemostasis was obtained within 2 h
for diagnostic CAG via the snuffbox approach using
the 4-Fr or 5-Fr sheaths. Further, large randomized

control trials are needed to confirm the ideal he-
mostasis duration and the safety of the snuffbox
approach in CAG and even PCIL.
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Abstract

Background: Oxidative stress and dyslipidemia play a critical role in the development of cardiovas-
cular disease (CVD). Regular intake of polyphenol-rich diets is associated with a reduced risk of CVDs.
Methods: The present study was a pilot study with 24 healthy volunteers and was designed to deter-
mine if a 12-week administration of Cistus incanus herbal tea, containing phenolic acids and flavo-
noids, reduces cardiovascular risk factors including oxidative stress and dyslipidemia in healthy adults.
Phenolic compounds profile and antibacterial activity of Cistus incanus infusion were also measured.
Results: Herbal infusion led to improvement in lipid profile by increase (A4%, p = 0.033) high-density
lipoprotein cholesterol concentration and decrease triglyceride (A14%, p = 0.013) concentrations. In ad-
dition, the Cistus incanus diet was associated with decreased sevum concentrations of malondialdehyde
(A16%, p < 0.01) and advanced oxidation protein products (A18%, p < 0.001).

Conclusions: Cistus incanus administration decreases cardiovascular risk factors including oxidative
stress and dyslipidemia and this action supports the idea of using Cistus incanus tea on a daily basis as
an effective dietary component for prevention of atherosclerotic CVD. (Cardiol J 2021; 28, 4: 534-542)

Keywords: Cistus incanus, lipid profile, oxidative stress markers

Introduction

Cistus incanus, a genus belonging to the family
of Cistaceae, provides a rich source of polyphenols
and various Cistus species herbal teas have been
used in folk medicine for treatment of diarrhea,
fever, and skin disorders. It also has antispasmodic,
anti-inflammatory and antimicrobial agents [1].
Currently, numerous producers offer Cistus in-

canus herbal infusion (Cistus tea) or dietary supple-
ments consisting of this plant material, or extracts
of it. These products are especially promoted with
regard to a high content and diverse profile of
polyphenolic substances with strong antioxidant
activity [2]. It has been proposed that polyphenols
can act as antioxidants by suppression of reac-
tive species formation through enzyme inhibition
or the sequestration of trace elements involved
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in the production of free radicals [3]. Reactive
oxygen species are involved in pathogenesis of
diverse human diseases which play a particular
role in cardiovascular diseases [4, 5]. Polyphenols
are able to attenuate the oxidation of low-density
lipoproteins (LDL), possess vasodilatory and anti-
inflammatory activity, and modulate lipid metabo-
lism and apoptotic processes in endothelium [6].
It has been suggested that most of these effects
are a consequence of the antioxidant properties of
polyphenols; however, other mechanisms based on
their interaction with molecular signaling pathways
may be involved [2, 7].

Epidemiological studies provide evidence for
an inverse relationship between the consumption
of polyphenolic substance-rich foods and cardio-
vascular complications [8]; however, most of the
epidemiological studies aimed at investigating car-
diovascular benefits of polyphenols have concerned
tea, red wine, coca and polyphenol-rich fruits
such as grapes. Furthermore, although there are
numerous studies evaluating the composition and
antioxidant capacities of Cistus infusion, however,
clinical studies focused on the influence of Cistus
incanus on oxidation balance and cardiovascular
risk factors are limited [9]. Thus, the purpose of
the present study was to investigate the impact of
a 3-month supplement of commercially available
Cistus incanus tea on oxidative stress markers
and lipid profile in healthy adults. Additionally, the
phenolic compounds profile was determined as
well as antibacterial activity of when using Cistus
incanus aqueous infusions.

Methods

Study subjects

A total of 24 healthy adults were recruited
for the study. All procedures performed in studies
involving human participants were in accordance
with the 1964 Helsinki declaration and were ap-
proved by the Medical Ethics Committee of Medi-
cal University of Gdansk. All participants provided
written informed consent.

During the interview, sociodemographic and
clinical information was collected. The sociode-
mographic data included age, and gender. Clinical
variables included vascular risk factors: smoking
status, alcohol intake, physical activity, lifestyle,
and dietary habits. All participants were non-
smoking and were sedentary or moderately physi-
cally active (at least 2 times a week). All volunteers
were instructed not to change their diet or physical
activity during the study. The exclusion criteria

were: chronic disease, current use of prescribed
pharmaceuticals, intense physical activity (up to
3 times a week) and a body mass index (BMI)
greater than 25 kg/m’. The study period was
12 weeks, during which participants would intake
a Cistus incanus infusion 3 times a day (portion of
2 g of dry tea per day reinfused 3 times in 250 mL
of boiling water for 3 min). Dietary compliance was
assessed using daily study records completed by
the participants.

Analysis of blood samples from subjects
The peripheral fasting blood samples were
collected before (baseline) and after 6 and
12 weeks of Cistus incanus infusion administra-
tion. The serum was separated by centrifugation
at 1000 g for 15min and stored at —-80°C pending
analysis. Total cholesterol (TC) and triglycerides
(TG) were measured by standard enzymatic col-
orimetric tests (Pointe Scientific Poland). High
density lipoproteins (HDLs) were isolated by
precipitation of apolipoprotein B (apoB)-containing
lipoproteins with dextran sulfate 50000/Mg**
reagent and HDL cholesterol (HDL-C) was deter-
mined enzymatically. LDL cholesterol (LDL-C)
concentration was calculated using the Friedewald
formula. Paraoxonase (PONase) and arylesterase
(AREase) activities of paraoxonase-1 (PON-1) were
measured based on paraoxon and phenyl acetate
hydrolysis, respectively [10, 11]. Malondialdehyde
(MDA) concentration was analyzed by fluorescence
spectroscopy using a modified thiobarbituric acid-
reactive substance [12]. Advanced oxidative pro-
tein product (AOPP) determination was performed
based on spectrophotometric detection [13].

Plant material

The Cistus incanus herb was purchased from
a manufacturer in Poland (herbal manufacture AS-
TRON Jo6zef Tabor). According to the manufacture
information, the shrub grows in the Mediterranean
Region of Turkey around the city of Antalya, and the
shrub’s leaves are harvested from May to August.

Determination of total polyphenols
and antioxidant activity

The leaves (1.00 g) were brewed with 100 mL
of boiling and deionized water for 15 min and
the procedure was repeated two times to finally
produce the first, second and third infusion. The
Folin-Ciocalteu method was used for total phe-
nolic content (TPC) determination [14]. The
method described in the European Pharmacopeia
monograph for Betulae folium was used for total
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flavonoid content (TFC) determination [15]. The
total phenolic acid content was determined us-
ing the spectrophotometric method with Arnov’s
reagent according to procedures described in the
Polish Pharmacopoeia [16]. L-ascorbic acid (AA)
was determined by spectrophotometric method
[17]. 2,2-diphenyl-1-picrylhydrazyl radical (DPPH)
scavenging assay [18] and ferric ion reducing an-
tioxidant power (FRAP) assay [19] were used to
determine the reducing antioxidant power of the
Cistus incanus infusions.

Chromatographic analysis: HPLC conditions

Before HPLC analysis, all the infusions
were filtered through a 0.2 um nylon filter film
(Mecherey, Nagel, Germany) and 20 pL of the
filtrate was injected into the HPLC system. Chro-
matographic separation and quantitation of phenolic
compounds (gallic, caffeic, chlorogenic, syringic,
vanillic, p-coumaric, elagic and ferulic acids, and
rutin, isoquercetin, quercetin, myricetin, kaemp-
ferol, and luteolin 7-glucoside) were performed
on a Hypersil Gold C18 column (250 X 4.6 mm,
5 um particles, Thermo Scientific, Runcorn, UK)
maintained at 35°C, using acetonitrile — 0.2%
trifluoroacetic acid solution and water — 0.2%
trifluoroacetic acid solution as the mobile phase
using a gradient program and monitoring system
as previously described [20].

Antibacterial activity

A sample of Cistus incanus (2.5 g) was infused
three times with 50 mL of boiling, deionised water
for 15 min to produce the first, second, and third in-
fusion. The minimal inhibitory concentration (MIC)
and minimal bactericidal concentration (MBC) of
all the infusions were assessed by the micro-broth
dilution method according to the EUCAST (Euro-
pean Committee for Antimicrobial Susceptibility
Testing) and CLSI (Clinical and Laboratory Stand-
ards Institute) reference procedures. Assays were
carried out against selected reference and clini-
cal strains Gram-positive: Staphylococcus aureus
ATCC 6538, methicillin-resistant Staphylococcus
aureus 12,673 (clinical isolates), Staphylococcus
epidermidis ATCC 14,990, methicillin-resistant
Staphylococcus epidermidis (clinical isolates), Strep-
tococcus pneumoniae (clinical isolates), Bacillus
subtilis ATCC 6633, and Gram-negative bacteria
Escherichia coli ATCC 8739. Clinical isolates were
obtained from St. Albert Specialist Hospital in
Gdansk (Independent Public Health Care Facility
in Gdansk, Poland).

Statistical analysis

Statistical analysis was performed using the
Statistica software package (STATISTICA 12.0
Statsoft Poland). The Shapiro-Wilk test was used to
establish data distributions. Continuous variables
were expressed as a mean =+ standard deviation or
median with 25" and 75" percentiles (interquartile
range [IQR]). Potential differences among the
results were analyzed using a repeated-measures
ANOVA with the Tukey multiple comparison test
for parametric variables and with the Friedman test
for non-parametric data. Statistical significance was
set at p < 0.05.

Results

The study participants were aged between
23 and 25 years old (21 females and 3 males) with
abody mass index (BMI) of 21.3 + 0.6 kg/m” There
were no significant differences in BMI during the
12-week period of dietary modification.

Lipid profile and serum oxidative
stress parameters

Analysis of the lipid profile revealed a signifi-
cant increase in HDL-C concentration (47 = 9 vs.
50 = 9 mg/dL; p = 0.033) and a decrease in TG
levels (71 = 23 vs. 60 = 24 mg/dL; p = 0.013),
there were no changes in the concentration of TC
and LDL-C over 12 weeks of follow up (Fig. 1).
The concentrations of serum oxidative stress
markers — MDA and AOPP were measured before
and after 6 and 12 weeks of Cistus incanus herbal
tea supplementation. A reduction of about 16% in
MDA concentration (20 = 5.5 vs. 15 + 4.9 umol/L;
p < 0.01) and 18% in AOPP concentration (66 =+
+ 18 vs. 53 = 17 umol/L; p < 0.001) after the first
6 weeks of Cistus incanus intake was observed
(Fig. 2). The following 6 weeks of supplementation
showed no further significant changes in concentra-
tions of MDA (15 + 4.9 vs. 15 = 4.5 umol/L) and
AOPP (53 = 17 vs. 54 = 16 umol/L). There was
no significant effect of Cistus infusion on PON-1
activities, measured both toward paraoxon and
phenyl acetate as substrates (Table 1).

Phenolic content and antioxidant capacity
Total phenolic acids (TPC), flavonoids (TFC),
phenolic acids (TPAC) and L-ascorbic acid (AA)
contents in multiple aqueous extractions of Cis-
tus incanus were determined, the results are
presented in Table 2. Analysis of variance and the
Duncan multiple range test indicate a significant
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Figure 1. Serum concentrations of total cholesterol (TC) (A), low density lipoprotein cholesterol (LDL-C) (B), high den-
sity lipoprotein cholesterol (HDL-C) (C), and triglycerides (TG) (D); at baseline, after 6- and 12-weeks supplementation
with Cistus incanus herbal tea. All values represent means = standard error. Data were analyzed using a repeated-
measures ANOVA (*) with the Tukey post hoc test (**) to determine where differences existed.

influence of multiple extractions (p < 0.05) on
TPC, TFC, TPAC, and AA. The effects of multiple
extractions on the phenolic acids and flavonoids
content of Cistus infusions are presented in Tables
3 and 4, respectively. Among phenolic acids the
most abundant was gallic acid. Caffeic and vanilic
acids were determined only in the first extraction,
while chlorogenic, syringic and ferulic acids were
not found. In the case of flavonoids, myricetin
and isoquercetin were the most abundant, while
keampferol was not determined. According to the
TPC, TFC, TPAC and AA the content of phenolic
acids and flavonoids also gradually decreased and
the lowest content was obtained in the third extract
of Cistus infusions. The antioxidant capacities of
Cistus incanus evaluated by DPPH and FRAP as-

says exhibited a gradual decrease and the lowest
activity was obtained in the third extract of Cistus
infusions (Table 5).

Antibacterial activity

To investigate the possible antibacterial activ-
ity of aqueous Cistus incanus, Gram-positive and
Gram-negative bacteria strains were used. The
values of MIC and MBC are shown in Table 6. For
all Gram-positive bacteria, the MIC value was
4 mg/mL and the MBC ranged from 8 to 32 mg/mL,
suggesting a bacteriostatic effect. There was no
difference in antimicrobial activity of the extracts
between successive infusions. No activity was
demonstrated against Gram-negative bacteria in
the tested concentration range.
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Figure 2. Serum concentrations of malondialdehyde (MDA) (A) and advanced oxidative protein products (AOPP) (B);
at baseline, after 6- and 12-weeks supplementation with Cistus incanus herbal tea. All values represent means +
+ standard error. Data were analysed using a repeated-measures ANOVA (¥*) with the Tukey multiple comparison test
(**) to determine where differences existed.

Table 1. Paraoxonase-1 (PON-1) activity before, after 6 and 12 weeks of Cistus incanus herbal tea
supplementation.

PON-1 activity Baseline 6 weeks 12 weeks
Median IQR Median IQR Median IQR

Paraoxonase [U/L] 104 75-187 94 73-193 102 78-195

Arylesterease [kU/L] 211 172-236 211 176-234 206 158-233

*Potential differences among the results were analyzed using the Friedman test; IQR — interquartile range

Table 2. Total phenolic (TPC) and flavonoids (TFC), phenolic acids (TPAC) and L-ascorbic acid (AA)
contents in Cistus incanus multiple aqueous extractions.

Extraction TPC TFC TPAC AA

[mg GAE/g dw] [mg QE/g dw] [mg CAE/g dw] [mg AA/g dw]
First 98.5 + 1.3 25+x04 109 = 0.9 0.86 + 0.05
Second 85.3 = 1.1 1.8 £ 0.5 9.0 = 1.1 0.76 = 0.02
Third 78.5 1.0 1.6 =09 7.7+ 1.8 0.67 = 0.03

Values are expressed as means = standard deviation (n = 3); mg GAE/g dw — mg of gallic acid equivalent per gram dry weigh; mg QE/g dw
— mg of quercetin equivalent per gram dry weight; mg CAE/g dw — mg of caffeic acid equivalent per gram dry weight; mg AA/g/dw — mg
of L-ascorbic acid per gram dry weight

Table 3. The contents of phenolic acids-gallic (GA), caffeic (CA), chlorogenic (CGA), syringic (SA),
vanillic (VA), para-coumaric (pCA), elagic (EA), ferulic (FA) in Cistus incanus multiple aqueous
extractions.

Extraction GA CA CGA SA VA pCA EA FA
[vg/g dw] [pg/g dw] [ug/gdw] [ug/gdw] [ug/gdw] [ug/gdw] [ug/gdw] [ug/g dw]
First 496.4 + 3.1 385+ 1.4 ND ND 262+ 1.2 1265+ 2.3 243.6 + 2.7 ND
Second 340.3 + 2.4 ND ND ND ND 76.1 £ 2.0 1853 + 1.8 ND
Third 260.6 = 2.1 ND ND ND ND 60.2 = 1.0 143.4 + 1.1 ND

Values are expressed as means =+ standard deviation (n = 3); ND — not detectable
Limits of detection [ug/mL]: CA — 3.2, CGA —2.0,SA—3.8,VA—7.3,FA—29
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Table 4. The content of flavonoids: rutin (RUT), isoquercetin (IsoQ), quercetin (QUE), myricetin (MYR),
kaempferol (KAE), 7-luteolin glucoside (L-7gl) in Cistus incanus multiple aqueous extractions.

Extraction RUT IsoQ QUE MYR KAE L-7gl
[ng/g dw] [ng/g dw] [ng/g dw] [ng/g dw] [ng/g dw] [ng/g dw]
First 548.2 + 3.3 910.6 + 3.0 8265+ 35  1638.4 + 4.6 ND 4325 + 2.7
Second 320.4 + 3.2 760.3 + 3.5 780.7 + 3.1 1054.0 + 4.0 ND 248.8 + 3.3
Third 280.0 + 2.6 222.1 * 2.4 650.7 = 2.1 867.2 + 3.0 ND 178.9 = 3.5

Values are expressed as means = standard deviation (n = 3); ND — not detectable

Limit of detection for KAE — 1.7 ug/mL

Table 5. The antioxidant capacities of Cistus in-
canus multiple aqueous extractions evaluated by
DPPH and FRAP assays.

Extraction DPPH FRAP
[umol TE/g dw] [mmol Fe**/g dw]
First 825+ 1.8 112.6 = 2.0
Second 77.0 £ 1.9 100.3 = 1.4
Third 726 = 1.0 96.6 = 1.2

Values are expressed as means = standard deviation in ug/g dw

(n = 3); DPPH — 2,2-diphenyl-1-picrylhydrazyl radical; FRAP — ferric
reducing/antioxidant power; umol TE/g dw — umol Trolox equiva-
lent per gram dry weight; mmol Fe?*/g dw — mmol ion equivalents
per gram dry weight

Discussion

The presented results demonstrate that sys-
tematic administration of aqueous extract of Cis-
tus incanus influences the lipid profile in healthy
adults. According to available research, this is the
first study to investigate any association between

a serum oxidative stress biomarker and a Cistus
incanus tea-rich diet. The in vivo studies of bio-
logical activity of polyphenols seem be especially
important because polyphenols are extensively
metabolized in the body and their bioavailability
may be different. Thus, the relation between the
quantity of polyphenols in food and their in vivo
activity is not obvious [7, 21].

Excessive uncontrolled lipid and protein oxi-
dation is associated with pathogenesis of various
diseases such as atherosclerosis, osteoporosis,
cancer, Alzheimer’s, and Parkinson’s diseases.
Among them atherosclerosis is the underlying
condition in most cardiovascular diseases being
the leading cause of death in Western socie-
ties. Oxidation of LDLs is a key mechanism in
this chronic systematic disease, leading to the
development and progression of the disease.
A number of animal studies have demonstrated
that consumption of polyphenols limits the inci-
dence of coronary heart disease and an abundance

Table 6. Minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) values
of Cistus incanus multiple aqueous extracts against reference strain and clinical isolates.

Microorganisms ATCC No. MIC [mg/mL] MBC [mg/mL]
First Second Third First Second Third

extraction extraction extraction extraction extraction extraction
Staphylococcus aureus 6538 4 4 4 8 8 8
Methicillin-resistant 12673 4 4 4 32 32 16
Staphylococcus aureus
Staphylococcus 14990 4 4 4 8 8 8
epidermidis
Methicillin-resistant 13199 4 4 4 16 16 16
Staphylococcus
epidermidis
Streptococcus Clinical 4 4 4 NA NA NA
pneumoniae isolate
Bacillus subtilis 6633 4 4 4 8 8 8
Escherichia coli 8739 NA NA NA NA NA NA

ATCC — American Type Culture Collection; NA — no antimicrobial activity
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of literature has shown that polyphenols effec-
tively protect LDL against oxidation ex vivo [4,
5, 22]. In the present study, assessing the effect
of herbal supplements on oxidative stress param-
eters, it was found that the concentration of MDA
as a marker of lipid peroxidation, and AOPP as
a marker of protein peroxidation, decreased
significantly after 6 weeks of use. Data in the
literature concerning the impact of phenolic
compounds from Cistus incanus extract on oxi-
dative balance is poor. However, the increase in
antioxidative capacity of plasma following the
consumption of other polyphenol-rich food has
been widely described. Litvinov et al. [23] showed
that even a single dose of tea with or without milk
increases plasma antioxidant activity. Increased
antioxidative capacity was also observed as
a consequence of the systematic intake of wine
and beer, as well as fruit and vegetables rich in
polyphenols such as strawberries and spinach
[2]. It has also been shown that the consumption
of polyphenol-rich blackcurrant and apple juice
by healthy volunteers significantly reduced the
plasma concentrations of MDA [24]. However,
data from the impact of red wine consumption on
lipid peroxidation is ambiguous [25-27].

Potent inhibition of LDL oxidation is, how-
ever, not only suggested by the protective effects
of polyphenols against cardiovascular disease.
Polyphenols have also been shown to inhibit the
invasion and proliferation of smooth muscle cells
in the arterial wall, inhibit platelet aggregation, and
improve endothelial dysfunction in animal models
[28, 29]. Polyphenols may also modify the lipid
profile. A significant increase in plasma HDL-C
was observed in healthy adults when administered
drinks containing coca for 12 weeks [30]. Adminis-
tration of Bergamot polyphenol extract for 30 days
also resulted in increased HDL-C and decreased
triglyceride concentrations in hyperlipidemic
patients [31]. Data from the study about rich-in-
polyphenol teas are, however, contradictory. One
meta-analysis found no effects of black tea on TC
and serum concentrations of LDL-C and HDL-C
[32], while another concluded that consumption of
black tea lowered LDL-C, especially in subjects at
high cardiovascular risk [33]. In the current study
a significant increase in HDL-C concentration
was observed and a decrease in TG level during
a 3-month supplementation with Cistus incanus
was also recorded. These results suggest a posi-
tive impact on lipid metabolism and confirms
a very wide range of potential pro-health attributes
of Cistus incanus.

Several studies have attempted to eluci-
date the phenolic composition of Cistus incanus
[34-37]. Viapiana et al. [20] in their earlier work
assessed the phenolic profile and antioxidant
capacity of aqueous extract of 15 commercially
available samples of Cistus incanus, and showed
that the place of the origin was the main factor in
differentiating the Cistus incanus samples. The
extracts obtained from Turkish Cistus incanus
were the richest in total phenolic compounds
(TPC), flavonoids (TFC), phenolic acid (TPAC)
and ascorbic acid (AA). Cistus incanus used in the
present study came from Mediterranean part of
Turkey around the city of Antalya and — similar
to previously analyzed samples from Turkish
Cistus incanus — myricetin, quercetin, and
isoquercetin were the most abundant phenolic
compounds, with a content exceeding 800 ug/g
dw. Gallic acid and rutin were found at the level
ca. 500 ug/g dw, and 7-luteolin glucoside came
in ca. 400 ug/g dw.

The antioxidant activities, evaluated with
DPPH and FRAP also showed similar results
to the previous published range of antioxidative
capability of samples from Turkish Cistus incanus
[20]. Deng et al. [38] determined the antioxi-
dant capacities and total phenolic contents of 56
vegetables, and the levels of TPC, DPPH and
FRAP values were lower than results obtained
in this study, which seems to confirm Cistus in-
canus tea as a good source of polyphenols in the
human diet. However, Konieczynski et al. [39]
determined individual phenolic compounds in
green and black teas and their total levels were
higher than that obtained in the Cistus incanus
infusions. In earlier studies it was established
that aqueous extracts of Cistus exhibit good an-
timicrobial activity, particularly against bacteria
G (+), and to a much lesser extent, affecting the
growth of bacteria G (-) [20, 37]. Therefore, in
this work it was decided to perform tests mainly
in relation to selected G (+) bacteria. The pres-
ent results confirmed good antimicrobial activity
against bacteria G (+). Once again, no activity
was demonstrated against G (=) bacteria in the
tested concentration range.

According to the commercially included in-
structions, volunteers participating in the pro-
ject reinfused the daily portion of Cistus incanus
3 times. The study of the multiple extractions ef-
fect on the phenolic acids and flavonoids content
revealed that Cistus incanus tea can be re-infused;
however, the first infusion showed higher levels
of polyphenols and antioxidant activities, which
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gradually decreased in later infusions. There was
no difference in antimicrobial activity of the ex-
tracts on successive infusions.

Conclusions

This study supports the idea that Cistus in-
canus tea can be a valuable source of polyphenols
in the human diet. The supplementations with the
commercially available Turkish Cistus incanus tea
had a positive impact on oxidative stress markers
and lipids profile, allowing us to suggest that there
are a wide range of pro-health properties of Cistus
mcanus, and beneficial effects on the cardiovascu-
lar system may be added.
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Abstract

Background: Mobile devices are gaining a rising number of users in all countries around the globe.
Novel solutions to diagnose patients with out-of-hospital onset of arvhythmic symptoms can be easily
used to record such events, but the effectiveness of these devices remain unknown.

Methods: In a group of 100 consecutive patients of an academic cardiology care center (mean age
68 + 14.2 years, males: 66%) a standard 12-lead electrocardiogram (ECG) and a Kardia Mobile (KM)
record were registered. Both versions were assessed by three independant groups of physicians.
Results: The analysis of comparisons for standard ECG and KM records showed that the latter is of
lower quality (p < 0.001). It was non-inferior for detection of atrial fibvillation and atrial flutter, showed
weaker rhythm detection in pacemaker stimulation (p = 0.008), and was superior in sinus rhythm
detection (b = 0.02), though. The sensitivity of KM to detect pathological Q-wave was low compared
to specificity (20.6% vs. 93.7%, respectively, p < 0.001). Basic intervals measured by the KM device,
namely PQ, RR, and QT were significantly different (shorter) than those observed in the standard
ECG method (160 ms vs. 180 ms [p < 0.001], 853 ms vs. 880 ms [p = 0.03] and 393 ms vs. 400 ms
[p < 0.001], respectively).

Conclusions: Initial and indicative value of atrial fibrillation and atrial flutter detection in KM is
comparable to results achieved in standard ECG. KM was superior in detection of sinus rhythm than
eye-ball evaluation of 12-lead ECG. Though, the PQ and QT intervals were shorter in KM as compared
to 12-lead ECG. Clinical value needs to be verified in large studies, though. (Cardiol J 2021; 28, 4:
543-548)

Key words: arrhythmia, telemedicine, mobile, electrocardiogram, atrial fibrillation

Introduction

Increasing versatility of mobile devices pro-
vides an opportunity to implement them in the
diagnosis and follow-up of patients with cardio-
vascular disorders. Kardia Mobile (KM) (AliveCor
Inc., San Francisco, CA, USA) is a portable, mo-

bile, connected electrocardiogram (ECG) device
available to 10S and Android platform smartphone
owners. It consists of a small device with two
conducting plates that wirelessly connect with
a smartphone, and an application installed on user
smartphones. It enables one-lead ECG recording
e.g. in cases of the onset of unsettling symptoms
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(palpitations, chest pain, dyspnea, and others). KM
was designed to detect periods of atrial fibrillation
(AF), which, if confirmed by the Food and Drug
Administration (FDA)-approved algorithm, can
then be reported to the physician responsible for
the follow-up of a given patient. The accessibility
of KM has prompted the present evaluation of its
usefulness in comparison with 12-lead ECG record-
ings in assessing the underlying rhythm and basic
ECG parameters (PQ, RR, and QT intervals). The
aim herein was to establish protocol, according to
evidence-based medicine, on whether it has accept-
able sensitivity and specificity, and thus, useful and
reliable for medical professionals.

Methods

Recruitment

A total of 100 consecutive patients of mean age
68 + 14.2, with male subjects constituting 66% of
the group of a tertiary cardiovascular care center
were included in the study. Baseline characteristics
can be found in the Table 1.

The patients were admitted to hospital elec-
tive diagnostic and treatment procedures for vari-
ous cardiac conditions (arrhythmias, conduction
disorders, stable coronary disease, hypertension
and others). The group consisted of 100 patients
consecutively admitted to the documented center
between July 1% and July 31% 2015. The inclusion
criterium was undergoing regular 12-lead ECG due
to standard diagnosis on admission in stable state.
All patients who urgently needed medical care were
excluded. Upon referral for a 12-lead ECG, each
patient was asked to provide informed consent for
additional KM ECG recording. All patients agreed
to take part in the study. The subjects’ clinical
state was stable at the time of ECG recording. First
a 12-lead ECG was performed and KM ECG was
recorded directly after this procedure. Two techni-
cians were responsible for 12-lead ECG measure-
ments and one physician to record KM ECGs.

ECG assessment

Both 12-lead and KM ECG records were ana-
lyzed by three independent teams comprised of two
cardiologists each. ECG interpretation was carried
out according to a previously elaborated online
form, consistent with the Polish ECG Description
Guidelines [1], which required assessment of the
following: ECG quality (good, acceptable, poor),
rhythm (sinus rhythm, AF, atrial flutter [AFI]
or pacemaker rhythm), presence of pathological
Q wave as well as PQ, RR and QT measurements.

Table 1. Patient characteristics.

Baseline demographics

N (%) or
mean = SD

Gender [male]
Age [years]
Body mass [kg]
Height [m]
Body mass index
Medical history
Nicotinism (history):
Nicotinism active
Packyears cumulative
Diabetes mellitus
Hypertension
Dyslipidemia
Chronic kidney disease:
CKD G2
CKD G3
CKD G4
CKD G5
Thyroid dysfunction:
Hypothyroidism
Hyperthyroidism
COPD:
Parkinson’s disease
Cerebrovascular disease
Peripheral artery disease
Cardiovascular history
Stable angina (angina pectoris)
ACS (admission)
Myocardial infarction (history)
PCI/CABG (history)
Cardiac surgery (other than CABG)
Heart failure:
NYHA I
NYHA Il
NYHA IV
LVEF [%]
Atrial fibrillation:
Paroxysmal
Persistent
Chronic
CIED implanted
Pacemaker:
AAI
VVI
DDD
ICD
CRT
Ablation

66 (66.0%)
68.0 = 14.2
80.7 £15.9
1.7 £ 0.1
28.0 + 4.8

40 (43.5%)
9 (9.8%)
33.4 + 225
20 (20.4%)
67 (68.4%)
45 (46.4%)
32 (32.7%)
2 (2.0%)
23 (23.5%)
7 (7.1%)
1(1.0%)
18 (18.4%)
9 (9.18%)
9 (9.18%)
6 (6.12%)
1(1.02%)
17 (17.35%)
12 (12.24%)

46 (47.4%)
15 (15.31%)
25 (25.5%)
27 (27.6%)
3 (3.1%)
43 (43.9%)
28 (28.6%)
9 (9.2%)
6 (6.1%)
49 + 14
34 (34.7%)
16 (16.33%)
4 (4.1%)
14 (14.3%)
34 (34.7%)
24 (24.5%)
2 (2.0%)
7 (7.1%)
15 (15.3%)
5 (5.1%)
5 (5.1%)
6 (6.1%)

ACS — acute coronary syndrome at the time of admission; CABG —
coronary artery bypass grafting; CIED — cardiac implantable
electronic device; CKD — chronic kidney disease (G2-G5 — CKD
stages); COPD — chronic obstructive pulmonary disease; CRT —
cardiac resynchronization therapy device; ICD — implantable
cardioverter-defibrillator; LVEF — left ventricular ejection fraction
measured during the hospitalization; NYHA — New York Heart
Association functional classification; PCl — percutaneous coronary

intervention
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In order to avoid cognitive and measurement bias,
all KM ECG records were printed out in 1:1 ratio
and assessed in paper-based form. A database com-
prised of answers provided by the teams. The study
protocol and informed consent form was approved
by the local bioethics committee.

Statistical analysis

The data were analyzed using adequate statis-
tical tests with the aim of looking for agreement
between the two diagnostic methods. In case of
disagreement, ECGs were reevaluated by a data
committee consisting of three ECG experts, who
then provided a final report.

Continuous variables were expressed as mean
+ standard deviation, and categorical variables
were stored as number of cases or percentage.
The Student t-test was used for comparison of
continuous variables, while categorical variables
were compared using the y* test or the Fisher
exact test, as appropriate among the groups. All
tests were two-tailed and a p-value of < 0.05 was
considered significant. All statistical analyses were
performed using MedCalc 17.6 software (MedCalc
Software, Ostend, Belgium).

Results

A total of 99 KM ECGs and 100 12-lead ECGs
were analyzed. In 1 patient, KM recording was not
possible due to an underlying condition (tremors
secondary to Parkinson’s disease). Comparison
of KM ECGs and 12-lead ECGs revealed that the
overall quality of the latter was superior (6 vs. 0
— poor, 41 vs. 1 — acceptable, 52 vs. 99 — good,
p < 0.001). Effectiveness evaluation of KM with
regards to rhythm determination was performed
by comparing it with 12-lead ECG interpretation.
Sensitivity and specificity were tested for the fol-
lowing rhythms:

— sinus rhythm — 98.4% and 74.2% (p = 0.02);

— atrial fibrillation — 92.8% and 100% (p = 0.32);

— atrial flutter — 100% and 100% (p value not
applicable);

— pacemaker rhythm — 53.6% and 100% (p =

= 0.008).

Sensitivity and specificity of KM for patho-
logical Q wave detection was 20.6% and 93.7%,
respectively (p < 0.001). Mean PQ, RR and QT
measurements in KM ECGs and 12-lead ECGs
were as follows:

— PQ —160 ms vs. 180 ms (p < 0.001);
— RR — 853 ms vs. 880 ms (p = 0.03);
— QT — 393 ms vs. 400 ms (p < 0.001).

Discussion

Principal results

With regard to the fact that many life-threaten-
ing arrhythmias are non-sustained and occur infre-
quently, it is justified to search for relatively cheap
solutions giving the patient a chance to record an
ECG at the onset of unsettling symptoms. Apart
from the conventional, clinically-approved meth-
ods, recent years have brought a few breakthroughs
regarding smartphone-dependent devices enabling
such a procedure. Versatility of mobile phones and
general access to the Internet has created the pos-
sibility to remotely provide the practitioners with
information of possible clinical significance, and
thus enable them to react in case of an emergency.

Although reliability of such solutions has not
yet been thoroughly investigated in randomized
clinical trials, some data suggests good compli-
ance and improved patient management. The most
obvious application of smartphone-compatible
ECG devices that has been brought up is the pos-
sibility of screening for patients with paroxysmal
AF especially for those who need antithrombotic
therapy [2-4].

The present study confirmed that KM, despite
its simplicity, provides a record of sufficient quality
to diagnose periods of AF. KM has also proven to
be reliable while supervising QTc period in patients
on dofetilide [5] and in pediatric patients with
various arrhythmic disorders [6]. In contrast study
revealed that QT measurements in KM ECGs are
shorter on average by an average of 7 ms, whereas
PQ intervals tend to be shorter by as much as
20 ms (more than a 10% difference compared to
the conventional ECG). This phenomenon has not
as yet been described in the literature available
and may potentially mimic arrhythmia, e.g. pre-
excitation syndrome in extreme cases or conceal
atrioventricular blocks, but this tendency was not
confirmed in this study.

Extremely high sensitivity compared to rela-
tively lower specificity of KM detection of sinus
rhythm is a characteristic that potentially was
previously heralded by Narasimha et al. [7] who
reported that nearly one third of patients declaring
alarming symptoms while the ECG was assessed
normal by the algorithm. One in four patients in
our population ascribed by KM to sinus rhythm
category should in fact have been described differ-
ently. Based on the construction of the KM device,
it is not surprising that it has low sensitivity in de-
tecting pacemaker rhythm, this supports Desteghe
et al. [8] findings and recommendations.
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According to available research, this is the
first study to investigate and compare selected
parameters in KM records and conventional 12-
-lead ECGs. New studies, currently with protocols
available [9, 10] will shortly verify the usefulness
of the method and the present findings.

New studies being currently conducted can
be also groundbreaking in respect to ischemia
detection, and thus rapid detection of myocardial
infarction in symptomatic patients [11, 12].

Limitations of the study

Despite the prospective design of this study
there are some important limitations. Firstly, this
is a single center study. Secondly, ECG interpre-
tation is subjective and thus there may have been
certain discrepancies. There were only three teams
analyzing the records and assessments of ECG
quality were subjective according to their expertise
which may somehow bias this study. Furthermore,
a group of stable subjects were analyzed, which
made it impossible to verify KM applicability for
cases of acute cardiac events. Finally, the number
of patients included in the study is relatively small
and a larger group would enable more reliable
conclusions.

Comparison with prior work

The onset of certain clinical symptoms such as
syncope, palpitations and chest pain may indicate
an underlying cardiovascular etiology. Among oth-
ers, paroxysmal arrhythmias are a potential culprit.
Long-term ECG monitoring has proven to be an
important measure in diagnosing elusive periods
of AFE, supraventricular arrhythmias and ventricular
arrhythmias [4, 13, 14]. To confirm the relation
between the symptoms and arrhythmias, the
European Society of Cardiology (ESC) guidelines
recommend continuous or intermittent ambula-
tory ECG monitoring. This procedure also makes
it possible to verify if the arrhythmic events are
secondary to an ischemic heart disease [13, 15].
An appropriate, long-term ECG screening may
warn the clinician of a series of potential adverse
clinical events. Sudden cardiac death (SCD), one
of the leading direct causes of mortality in the
western world, whether secondary to ischemic
heart disease or to congenital malfunctioning of the
electrical conductance system of the heart, could
be in many cases prevented by pharmacotherapy
or implantable cardioverter-defibrillator (ICD)
implantation [13]. Furthermore, paroxysmal AF
is a proven risk factor for stroke, another impor-
tant cause of mortality and disability in developed

societies [16-18]. Up until recently it has been
estimated that even 20-40% of ischemic strokes
remain idiopathic, but some clinical trials have
shown a higher prevalence of paroxysmal AF
detectable on a long-term ECG analysis in com-
parison with a standard 24 h Holter monitoring
in this group of patients [19-22]. The KM system
was assessed in a study conducted by Halcox et al.
[22] in a randomized control trial (REHEARSE-AF
study) in a group of patients older than 65 years
with an elevated risk of cerebral thromboembolism
(CHA,DS,-VASc score > 2). The results presented
a proactive approach of regular weekly iIECG
monitoring with the use of KM system may not
only be preventive in a medical sense, but also
cost-effective in AF detection. This observation
opens the discussion over the possibility of a more
routine implementation of KM in clinical practice
to remotely monitor QT periods.

Rapid diagnosis of AF can prevent cerebral
thromboembolic events, and according to recent
publication by Rattanawong et al. [23], it can also
reduce overall SCD rate. As AF has been reported
to provide higher risk of SCD than other associated
factors, such as previous myocardial infarction,
heart failure or coronary artery disease, preven-
tive measures using quick and easy diagnostic
tools such as KM could be undertaken to avoid
unnecessary hospitalizations and reduce mortality
in this subgroup.

Another important feature of every telemoni-
toring device that needs to be discussed is its avail-
ability. Surveys gathered from subjects enrolled in
the SPEAR trial showed a high level of satisfaction
and willingness to continue implementing KM
ECG testing in the future [4]. Furthermore, all the
patients that took part in the present study showed
a positive attitude towards KM as well. Such at-
titudes have also been observed in a recent study
by Halcox et al. [22] with patients of advanced age
being enthusiastic about such methods.

Patients can be subjected to more personalized
care due to the possibility of remote transmission
of their ECG records to their physician. In recent
years a proactive attitude was positively tested
by Klein-Wiele et al. [24], who provided data of
successful cooperation between patients, general
practitioners and cardiologists. The KM device
could be part of a cross-sector telemetric network
with rapid response to a patients’ worsening state
of health by qualified professionals.

Apart from clinical reliability, it also needs to
be verified whether smartphone-based ECG con-
trols are not an excessive financial burden for the
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health care system. Initial data suggest that there is
no long-term difference in cost-efficiency between
conventional monitoring and smartphone supervi-
sion, while patient self-awareness seems to benefit
from remote self-controls [25]. Nevertheless, this
is still a matter of debate as the information at hand
are scarce.

Kardia Mobile aside, smartphone-based ECG
device market constantly expands, offering new
solutions for mobile phones with Android operat-
ing systems [26], or enabling a context-aware ECG
monitoring [27]. Moreover, specifically oriented
systems such as Remote Cardio Control (RCC)
designed to diagnose signs of myocardial infarction,
continue to be created [28]. It can be conceived that
in the following years devices encompassing those
standards of diagnostic procedures will become
a part of routine approach.

It should be also noted that the number of
reports considering mobile ECG record is rising.
Apart from arrhythmias considered in this study,
there is a possibility to record and diagnose other
heart rhythm disturbances, including atrioven-
tricular block [29]. This poses even greater area
for implementation of these devices into general
practitioner practice.

Conclusions

The usefulness of KM is unquestionable
in the prevention and rapid detection of AF and
AFls in a standard comparable to the conventional
method, namely 12-lead ECG. Applying this novel
device to routine diagnostics is rather preemptive,
as discrepancies in sensitivity of the algorithm
may present a possible misinterpretation of the
outcome. The clinical need for an easy-to-use
mobile ECG is immense, however it is concluded
herein, that further studies are needed to confirm
diagnostic value.
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Abstract

Background: Focusing on patients with arrhythmia, the aims of this study was to assess ventricular
Sfunction in children using three-dimensional echocardiography (3D-ECHQO) and to compare the results
to those obtained with cardiac magnetic resonance (CMR).

Methods: The study group consisted of 43 children in whom 3D-ECHO and CMR were performed.
Twenty-five patients had a ventricular arrhythmia, 7 left ventricular cardiomyopathies, 9 proved to be
healthy. In all children, 3D-ECHO (offline analysis) was used to assess ventricular ejection fraction
(EF). The results were compared to CMR using the Bland-Altman analysis and linear regression. The
Student paired T-test was used to compare of means between both modalities.

Results: The relation between the results derived from both methods is linear (for left ventricle: es-
timated slope = 1.031, p < 0.0001, R-squared = 0.998; for right ventricle: estimated slope = 0.993,
p < 0.0001, R-squared = 0.998). In spite of minimal mean differences between results for both ventri-
cles and narrow 95% confidence intervals, the paired t-test proved those differences not to be significant
(b > 0.05) for the right ventricle but statistically significant (p < 0.05) for the left ventricle, for which the
left ventricular EF calculated in 3D-ECHO was systematically underestimated with a mean difference
of —1.8% =+ 2.6% (p < 0.0001).

Conclusions: Three-dimensional echocardiography assessment of both left and right ventricular EF
in children showed high significant correlation and agreement with CMR. 3D-ECHO could be a valu-
able tool in follow-up of children with arrhythmic disorders requiring regular assessment of ventricular
function. (Cardiol ] 2021; 28, 4: 549-557)

Key words: three-dimensional echocardiography, cardiac magnetic resonance, ventricular
ejection fraction, children, arrhythmia

Introduction specific structural or functional cardiac abnormal-

ity can be found, those cases often are defined as

Arrhythmias are considered one of the most idiopathic. The use of three-dimensional echocardio-
significant problems of modern pediatric cardiology. graphy (3D-ECHO) for non-invasive assessment of
As in the majority of children, no connection to ventricular function is at present widespread and
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universal, especially in adult patients. In pediatric
cardiology the method was embraced much later
and its exploit is still noncompliant with potential
benefits. Being close in accuracy although more
feasible and less expensive than cardiac magnetic
resonance (CMR) 3D-ECHO may be valuable diag-
nostic tool especially in groups of children demand-
ing regular assessment of ventricular function.

The aim of the study was to assess ventricular
function in children using 3D-ECHO and compare
the results to those obtained with CMR, focusing
especially on patients with arrhythmia.

Methods

The prospective study included 43 consecutive
children hospitalised in the Pediatric Cardiology
Department, aged 4 months to 17 years, average
13.7 + 3.8 years, in whom both 3D-ECHO and
CMR were performed due to clinical indications.
In all the children electrocardiography (ECG) and
24-hours ECG Holter monitoring were used in di-
agnostics. In this group, 27 patients suffered from
arrhythmia: two supraventricular (one with single
extrasystolic beats, one with nodal rhythm), 25 ven-
tricular arrhythmias (in all cases at least one of
extrasystolic morphologies was left bundle branch
block) classified as mild in 9 patients (single mono-
morphic beats, less than 20% of arrhythmia in 24-h
Holter-ECG monitoring) and severe in 16 children
(defined as complex with ventricular tachycardia
or over 20% single beats during 24 h). Out of
25 children, in 20 ventricular arrhythmias were
classified as idiopathic (no evident source in car-
diac morphology or function was detected), three
patients fulfilled the criteria of arrhythmogenic
right ventricular cardiomyopathy (ARVC), one was
diagnosed with Andersen-Tawill syndrome, and
in one arrhythmia occurred after surgical repair
of ventricular septal defect. Seven patients of the
studied cohort were diagnosed with left ventricular
cardiomyopathies, 9 patients proved to be healthy
either in the course of diagnostics for suspected
myocarditis (based on elevated plasma troponin
level and/or abnormalities in ECG) or after com-
pleted healing process. The characteristics of the
studied group are presented in Table 1.

In all patients 3D-ECHO and CMR were per-
formed. In one child ejection fraction (EF) of both
ventricles and in one — the right ventricle could
not be calculated in CMR due to artefacts con-
nected with excessive arrhythmia. Those patients
were not included in the statistical analysis, leaving
42 children for the analysis of left and 41 — right

Table 1. Characteristics of the studied group.

Patients’ characteristics Details
Age [years] 13.7 = 3.8
Sex:

Boys 26

Girls 17

BSA [m?] 0.56-2.04;
mean 1.61 = 0.34
Diagnosis:

Arrhythmia 2
Supraventricular 25
Ventricular

Severity
Mild (< 20%/24 h + no VT) 9
Severe (> 20%/24 h 16
and/ or VT)

Cause
Idiopathic 20
ARVC 3
VSD (after operation) 1
ATS 1

LV cardiomyopathy: 7
DCM 3
HCM 2
RCM 1
NCLV 1

Healthy subjects* 9

*Initially suspected or successfully treated myocarditis; ARVC — ar-
rhythmogenic right ventricular cardiomyopathy; ATS — Andersen-
-Tawill syndrome; BSA — body surface area; DCM — dilated
cardiomyopathy; HCM — hypertrophied cardiomyopathy; NCLV —
noncompacted left ventricle; RCM — restrictive cardiomyopathy;
VSD — ventricular septal defect

ventricular function. The postprocessing (offline
analysis) of echocardiography data was obtained
without knowing the results of CMR.

3D-ECHO: Image acquisition

All patients underwent standard echocardio-
graphy examination (Philips EPIQ system, Nether-
lands) during which the ECG-gated 3D full-volume
data sets were recorded using a matrix X5-1/X7-2
transducer from an apical window in the patients’
left lateral decubitus position, possibly while with-
holding breath. Four consecutive cardiac cycles
were registered to obtain optimal resolution. In
2 patients with excessive arrhythmia we recorded
only two cardiac cycles and the data proved ad-
equate for further analysis. The left and right
ventricles were addressed separately to assure
that the data set would contain the whole chamber
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with its apical portion and the widest diameter of
concordant atrioventricular valve. For the left ven-
tricle standard 4-chamber view was used; for the
right ventricle the probe was moved slightly to the
left side with its tail tilted posteriorly and counter
clockwise to open the apical part and include the
full capacity of outflow track in the pyramidal data
set. For both ventricles the probe’s position and
its spatial orientation was controlled by a simulta-
neous 2-dimensional view of coronal and sagittal
planes. At least three full-volume acquisitions for
each ventricle were recorded in each patient; the
one with the highest quality was assigned for later
post processing. In patients with sinus rhythm the
recording time approached 3 min, although in pa-
tients with arrhythmia it was considerably longer
(mean 5 min) because recording of four consecutive
sinus beats with no extrasystoly in real time was
more challenging.

Postprocessing

Full-volume 3D digital data sets for both left
and right ventricle were exported to an external
server for offline analysis using dedicated software
(TomTec Imaging Systems GMBH, Germany;
Image Arena 4.6). For the left ventricle 4D LV-
Analysis software was used and for the right ventri-
cle — 4D RV-Function module. For each ventricle
analysis, the user identified specific landmarks in
end-diastolic and end-systolic views (apex, mitral,
and aortic annulus for left ventricle, and addition-
ally ventricular diameter in short axis view along
with interventricular septum perimeters for the
right ventricle). Based on the landmarks, semi-
automatic tracing of endocardium was performed
and corrected manually by the software operator.
The analysis was performed using high-contrast
monitor settings which, from experience, helps to
define clearer line to track while manual correc-
tion of contour is made. Trabeculae and papillary
muscles into ventricular cavity was included. For
optimal quality of full-volume data sets the analysis
of both ventricles was completed in a mean time of
4 min, and up to 9 min for images of poorer quality
requiring more manual tracing. The results of the
analysis being systolic function of both ventricles
illustrated by EF were automatically calculated
from end-diastolic volume (EDV), and end-systolic
volume (ESV). A graphic presentation of the results
is featured in Figure 1A, B.

Cardiac magnetic resonance
All CMR studies were acquired with a Siemens
Magnetom Skyra 3 Tesla scanner (Siemens, Erlan-

gen, Germany). Five patients who were unable to
cooperate during the procedure (the youngest or
hyperactive children) required general anaesthesia.
A routinely used CMR protocol to assess left and
right ventricular size and function included initial
scout images followed by cine steady-state free
precession (SSFP) breath hold sequences in 2-,
3-, and 4-chamber views to set up final imaging
planes and a stack of short-axis images from the
atrioventricular annulus to the apex. Imaging pa-
rameters were as follows: field of view 340 mm, ma-
trix 208, repetition time approximately 39.24 ms,
echo time 1.43 ms, flip angle 39 degrees, slice
thickness 6-8 mm (depending on the child age),
gap 2 mm, in-plane image resolution 1.6 X 1.6 X
X 6-8 mm, and temporal resolution 25 phases per
cardiac cycle [1, 2]. Images were analysed with the
use of a dedicated software. Initially, short-axis
SSFP cine images were previewed from the base
to the apex in a cinematic mode, then endocardial
contours for end-diastole and end-systole of both
ventricles were manually traced. Trabeculae and
papillary muscles were considered as ventricle
cavities. Delineated contours were used for the
quantification of ventricular ejection fractions
(left ventricular EF [LVEF], and right ventricular
EF [RVEF]). The mean time of image acquisition
was 40 min (longer in children requiring general
anaesthesia — up to 1.5 h). The mean time of im-
age analysis was 20 min.

Statistical analysis

Bland-Altman analysis and linear regression
were used to compare results of LVEF and RVEF
obtained with 3D-ECHO against CMR acknowl-
edged as the method of reference. A p-value of
less than 0.05 was considered statistically sig-
nificant [3]. For the whole cohort and selected
subgroups of patients with arrhythmia the mean
differences between 3D-ECHO and CMR results
were calculated and the 95% confidence intervals
(CIs) determined. Because data were normally
distributed (verified by the Shapiro-Wilk test),
a paired Student t-test was used to compare
means of LVEF and RVEF results obtained from
3D-ECHO and CMR, again using CMR as the
method of reference.

All calculations and graphs were made in the
R software version 3.3.1. (distributed under the
terms of the GNU General Public License).

The study was approved by the Medical Uni-
versity’s Ethics Committee. In all patients, written
informed consent was obtained from parents and
for children older than 16 years of age.
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Figure 1. Three-dimensional echocardiography offline analysis; A. Left ventricular model with calculated ejection

fraction; B. Right ventricular analysis results.

Results

Bland-Altman plot proved minor mean differ-
ences with narrow limits of agreement between
the results obtained with 3D-ECHO and CMR for
both LVEF and RVEFE, marking very high significant
correlation (for LVEF: r = 0.903, p < 0.00001; for
RVEF: r = 0.966, p < 0.00001) and agreement
(Fig. 2A, B). The relation between the results
derived from both methods is linear, and it can be
approximated by the identity function (Fig. 3A, B).

For LVEF, the estimated slope was 1.031,
standard error = 0.007 (p < 0.00001), R-squared =
= (0.998; the average width of 95% prediction inter-
val was 10.6% = 5.3%. Comparing LVEF calculated

with 3D-ECHO to reference CMR values — in 34%
of patients the difference was lower than 1%, in
59% under 2%, in 68% under 3%, and in 78% below
4%. However, the paired Student t-test showed
a statistically significant difference between means
of LVEF calculated in 3D-ECHO and CMR — both
for the whole cohort and in subgroups with ar-
rhythmia (p < 0.005). 3D-ECHO results proved
to be minimally underestimated comparing to
CMR results with mean difference of -1.8 = 2.6%
(p < 0.0001) for the whole population, in the sub-
group with arrhythmia -2.3 = 2.5% (p < 0.0001),
in children with severe ventricular arrhythmia
-3.1 £ 2.7% (p = 0.0006), and in patients with
severe idiopathic ventricular arrhythmia -2.6 +
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Figure 2. Bland-Altman analysis. Left (A) and right (B) ventricular ejection fraction (LVEF, RVEF, respectively): mean
differences between results of three-dimensional echocardiography (3D-ECHO) and cardiac magnetic resonance

(CMR) with limits of agreement.
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Figure 3. Identity function comparing results of left (A) and right (B) ventricular ejection fraction (LVEF, RVEF, respec-
tively) between three-dimensional echocardiography (3D-ECHO) and cardiac magnetic resonance (CMR). Regression
of Y (CMR) on X (3D-ECHO), with prediction limits. A. The average width of prediction interval = 10.6 + 5.3%; B. The

average width of prediction interval = 10.0 = 5.0%.

+ 2.8% (p = 0.0088). At the same time the 95%
CIs for the whole group studied and arrhythmic
subgroups proved to be narrow, marking good
consistency of both methods. Also, those under-
estimations are considered minimal and irrelevant
for single patients in clinical practice. The results
are presented in Table 2.

For RVEF the estimated slope was 0.993,
standard error = 0.007 (p < 0.00001), R-squared
= 0.998; average width of 95% prediction inter-
val was 10.0 = 5.0%. Comparison of RVEF from

3D-ECHO to CMR values in 39% of patients showed
the difference below 1%, in 63% under 2%, in 78%
under 3%, and in as much as 93% below 4%. Almost
perfect agreement was obtained between results of
3D-ECHO and CMR with the paired Student t-test
proving the lack of a statistically significant differ-
ence between mean values of RVEF calculated in
3D-ECHO and CMR marked by p > 0.05 for the
whole cohort and in arrhythmic subgroups. The
mean difference between 3D-ECHO and CMR re-
sults was 0.4 + 2.4% for the whole cohort (p = 0.29),
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Table 2. Results of left ventricular ejection fraction (LVEF) measurements in three-dimensional echo-
cardiography (3D-ECHOQ) and cardiac magnetic resonance (CMR) in subgroups of patients: ranges and
mean values with standard deviations.

LVEF [%] 3D-ECHO (n = 42) CMR (n = 42) 95% CI* P
Study group Range: 46.6-69.1% Range: 47.0-72.0%
[-2.6, -1.0] < 0.0001
Mean: 58.5 + 5.4% Mean: 60.3 = 6.0%
Arrhythmia (26) Range: 49.2-69.1% Range: 50.0-71.0%
[-3.3,-1.3] < 0.0001
Mean: 59.0 = 4.7% Mean: 61.2 = 5.0%
Severe ventricular arrhythmia (15) Range: 49.2-68.0% Range: 50.0-71.0%
[-4.6, -1.6] 0.0006
Mean: 57.9 = 4.5% Mean: 60.7 = 5.2%
Severe idiopathic ventricular Range: 49.2-68.0% Range: 50.0-71.0% (4.4, -0.8] 0.0088
arrhythmia (12) Mean: 58.4 + 4.8%  Mean: 60.7 = 5.8% B '

ARVC (3) Range: 53.5-58.7% Range: 58.0-63.0% Too small sample for

statistical testing

*Difference = ejection fraction [%] measured by 3D-ECHO - ejection fraction [%] measured by CMR; ARVC — arrhythmogenic right ventricu-
lar cardiomyopathy; Cl — confidence interval

Table 3. Results of right ventricular ejection fraction (RVEF) measurements in three-dimensional echo-
cardiography (3D-ECHO) and cardiac magnetic resonance (CMR) in subgroups of patients: ranges and
mean values with standard deviations.

RVEF [%] 3D-ECHO (n = 41) CMR (n = 41) 95% CI* P

Study grou Range: 22.9-70.3% Range: 25.0-70.0%
WL = ° E ° 03,412 029

Mean: 54.5 = 8.8% Mean: 53.6 = 9.4%

Arrhythmia (25) Range: 22.9-70.3% Range: 25.0-70.0%
[-0.5, +1.2] 0.43

Mean: 52.8 + 9.8% Mean: 52.0 = 10.1%

Severe ventricular arrhythmia (14) Range: 22.9-70.3% Range: 25.0-70.0%
[-0.8, +1.7] 0.46

Mean: 50.5 = 11.9% Mean: 49.1 £11.9%

Severe idiopathic ventricular Range: 48.5-70.3% Range: 44.0-70.0%
arrhythmia (12) [-1.0, +2.0] 0.48

Mean: 55.2 + 6.4%

Mean: 53.9 = 7.1%

ARVC (3) Range: 22.9-39.0% Range: 25.0-36.0% Too small sample for

statistical testing

*Difference = ejection fraction [%] measured by 3D-ECHO - ejection fraction [%] measured by CMR; ARVC — arrhythmogenic right ventricu-

lar cardiomyopathy; Cl — confidence interval

0.3 = 2.2% in the subgroup with arrhythmia (p =
= 0.43), 0.5 = 2.3% in the subgroup with severe
ventricular arrhythmia (p = 0.46) and 0.5 = 2.4%
for patients with severe ventricular arrhythmia
classified as idiopathic (p = 0.48). The 95% CI for
the whole group studied and arrhythmic subgroups
proved to be narrow, again marking close agree-
ment with CMR results. The data are presented
in Table 3.

Discussion

Arrhythmias are considered one of the most
prominent problems in pediatric cardiology [4].

Contrary to the adult population, most cases of
arrhythmia in children are classified as idiopathic
because no link to cardiac morphology or evident
haemodynamic dysfunction can be found [5-8]. In
most cases the risk is low and general prognosis
is good, patients do not usually require pharmaco-
therapy, even if extrasystole is common. However,
for some arrhythmias the risk of sudden cardiac
death is much higher. In diagnostics of ARVC
enlarged chamber and deteriorated function of
the right ventricle are among the most prominent
major criteria, providing in fact half of the definitive
diagnosis [9, 10]. The progression of the disease,
including deterioration of ventricular function,
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may be gradual and diffused in time [11-13]. For
that reason, the accurate and regular assessment
of ventricular function is crucial in patients with
ventricular arrhythmia.

Unfortunately, widely accessible and inex-
pensive two-dimensional echocardiography (2D-
-ECHO) offers very biased data because a single-
plane view cannot illustrate the complex morphol-
ogy of the right ventricle [14-17]. CMR is much
more accurate in this assessment and is considered
the gold standard in calculating ventricular volume
and function. Additionally, it offers information
about potential myocardial fibrosis or fatty infiltra-
tion (helpful in establishing the diagnosis of ARVC,
although not included in diagnostic criteria). Unfor-
tunately, its low accessibility and high cost prevent
it from being a truly universal tool, especially in
patients with severe arrhythmia in whom initially
normal right ventricular parameters might yet
evolve into cardiomyopathy with time and need
to be measured regularly [14]. Furthermore, the
use of CMR has significant limitations in a group
of infants and small children as well as patients
with hyperactivity or anxiety disorders. The pro-
cedure is lengthy (at least 40 min) and during that
time the patient has to lie still and hold breath on
demand; that alone creates a cooperative problem
in the pediatric population. For this reason, many
patients (5 in the present study cohort) required
general anesthesia with all its potential risks.
Another group of patients in whom assessment of
ventricular volume and function might be challeng-
ing is the population with excessive arrhythmia
(especially with numerous extrasystolic beats),
because the method is ECG-gated and requires 10
consecutive regular (sinus) beats to obtain optimal
image resolution. Among the present study group,
2 children with multiple extrasystole, acquisition
of optimal images was impossible.

Three-dimensional echocardiography, with
its rapid evolution during the last three decades,
seems to be an accessible and inexpensive tool
for the assessment of cardiac function in clini-
cal practice because it combines the accuracy of
magnetic resonance imaging with the already high
and constantly expanding accessibility and cost ef-
fectiveness of two-dimensional ultrasound systems
[18-22]. The image acquisition is faster than CMR
and requires fewer consecutive regular heart beats
to produce data of adequate quality.

In the current study, focus was concentrated
on evaluating the accuracy of 3D-ECHO in access-
ing ventricular function in children in comparison
to CMR as the modality of reference.

In the group of children studied, results of both
LVEF and RVEF calculated in 3D-ECHO proved
to have a very high correlation and agreement
with the data obtained in CMR. This consistency
was proven both for the whole cohort and within
extracted subgroups — patients with arrhythmic
disorders in general, severe ventricular arrhyth-
mias, and among cases of arrhythmia classified as
idiopathic.

The mean differences between values of
ventricular systolic function (LVEF and RVEF)
calculated in 3D-ECHO and CMR were minimal
with narrow (< 4%) 95% CI. However, while for the
right ventricle the consistency of results between
both methods was proven to be almost perfect in
the paired Student t-test (p > 0.05 interpreted in
this case as a lack of significant difference), LVEF
proved to be minimally underestimated by 3D-
-ECHO in the whole population and arrhythmic sub-
groups with the highest mean difference of -3.1 *
+ 2.7% in the group of patients with severe ven-
tricular arrhythmia. That difference was proven to
be statistically significant (p < 0.05) by the paired
Student t-test although irrelevant in clinical prac-
tice. The small 95% CI for mean difference pointed
to close agreement with CMR results. This ten-
dency is coherent with data published so far [23].

Published studies have shown good to excel-
lent correlation between LVEF and RVEF meas-
ured in 3D-ECHO and CMR with a documented
tendency towards minimal (although statistically
significant) underestimation of 3D-ECHO results
[23, 24]. Most of those studies concerned adults
[25-29]. The literature comparing results of 3D-
ECHO and CMR in children is much scarcer both
in number and resources [27]. It usually addresses
specific populations of patients: with congenital
or acquired heart disease [30], after heart defect
operations (prominently tetralogy of Fallot [31])
or with left ventricular cardiomyopathies [32]. No
paper so far has offered data on the comparison be-
tween 3D-ECHO and CMR for ventricular function
assessment in children with arrhythmia.

Whether impaired LVEF and RVEF are the
source or the result of severe arrhythmia, and if
ventricular function indeed deteriorates due to
arrhythmic disorders, only further studies, espe-
cially within the pediatric population diagnosed
with arrhythmia in morphologically healthy hearts,
will show.

For this reason, systematic, regular, and ac-
curate assessment of ventricular function in chil-
dren with arrhythmia, even (or maybe especially)
idiopathic, is crucial. 3D-ECHO appears to be the
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perfect tool for this purpose and a valuable alter-
native to CMR in this population [26-28, 33-36].

It is suggested herein, that after initial CMR
children with arrhythmias and left ventricular car-
diomyopathies can be monitored with 3D-ECHO.
CMR can be repeated only in cases of deterioration
of ventricular function observed in 3D-ECHO.

Limitations of the study

In the present study, attention concentrated
on assessing the rank of agreement between 3D-
-ECHO and CMR results in a pediatric population,
focusing prominently on arrhythmic patients in
whom imaging was both necessary and techni-
cally difficult. Because the population analyzed
was small, the problem calls for further study,
especially in children with arrhythmia. Compari-
sons to a control group of healthy children would
provide statistical clarity on the subject of potential
ventricular dysfunction in patients with arrhythmia
preliminarily classified as idiopathic, but it is dif-
ficult to gather a group of healthy children in whom
CMR was used. One should also keep in mind that
children with idiopathic arrhythmia might show
a tendency towards deterioration of ventricular
function in adulthood; therefore, follow-up assess-
ment can be fruitful.

Conclusions

Three-dimensional echocardiography assess-
ment of both LVEF and RVEF in children shows
a high significant correlation and agreement with
CMR. 3D-ECHO could be a valuable tool in the
follow-up of children with arrhythmic disorders re-
quiring regular assessment of ventricular function.
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Abstract

Background: 7o achieve high image quality of cardiovascular magnetic resonance (CMR) pulmonary
vein (PV) angiography prior catheter ablation in patients with atrial fibrillation, optimal timing of the
angiographic sequence during contrast agent passage is important. The present study identified influ-
ential cardiovascular parameters for prediction of contrast agent travel time.

Methods: One hundred six consecutive patients underwent a CMR examination including three-
-dimensional (3D) contrast-enhanced PV angiography with real-time bolus tracking prior to catheter
ablation. Correct scan timing was characterized by relative signal enhancement measurements in the
pulmonary artery, left atrium (LA), and ascending aorta. Furthermore, left- and right-ventricular
function, left- and right-atrial dimensions, presence of mitral or tricuspid insufficiencies, and main
pulmonary artery diameter were determined.

Results: The highest relative signal enhancement in LA demonstrated optimal scan timing. Contrast
agent travel time showed wide variability (range: 12—42 s; mean: 18 * 4 s). On univariate analysis,
most cardiovascular parvameters correlated with contrast agent travel time while on multivariate analy-
sis left- and right-ventricular function remained the only independent predictors, but overall a poor fit
to the data (adjusted K, 27.5%) was found.

Conclusions: Contrast agent travel time was mainly influenced by left- and right-ventricular function
but prediction models poorly fitted the data. Thus, 3D PV angiography prior to PV ablation procedures
necessitates real-time assessment, with visual determination of individual contrast agent passage time
to ensure consistently high CMR image quality. (Cardiol ] 2021; 28, 4: 558-565)

Key words: cardiovascular magnetic resonance imaging, angiography, pulmonary vein,
atrial fibrillation, catheter ablation

Introduction

Atrial fibrillation (AF) is a common type of car-
diac arrhythmia with a greater prevalence in the elder-
ly [1] and in patients with cardiac comorbidities. Prior
studies revealed the pulmonary veins (PVs) as impor-
tant triggers for initializing and sustaining AF [2].

Treatment of AF with catheter ablation aimed at
the electrical isolation of PVs is nowadays widely
employed to prevent recurrent AF [3, 4].

Prior to PV isolation procedures, three-di-
mensional (3D) imaging of the left atrium (LA) and
PV anatomy is recommended for pre-procedural
planning and therapy guidance during catheter
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ablation. These high-resolution images allow for
accurate assessment of anatomical variants and
can be obtained by either multi-detector computed
tomography (MDCT) or cardiovascular magnetic
resonance (CMR) [4, 5]. However, MDCT exposes
the patient to iodinated contrast agents and ionizing
radiation [6] and AF is a chronic, progressive dis-
ease making repeat examinations during life-time
very likely. CMR imaging has the additional benefit
of combining PV angiography with functional car-
diac imaging or myocardial tissue characterization
(e.g. LA fibrosis) during a single-session examina-
tion [7]. Consequently, CMR may be considered
the preferred imaging approach; the segmented 3D
CMR mesh models of the LA and the PVs can be
easily co-registered in the electroanatomical map-
ping systems and subsequently used for catheter
guidance during the ablation procedures, thereby
significantly reducing overall radiation exposure
time [8, 9].

High spatial resolution together with high im-
age quality of contrast-enhanced PV angiography
is mandatory for electrophysiological procedures
and hence, the optimal scan timing during contrast
agent passage plays a pivotal role. Whether the
presence of AF during CMR imaging affects the
contrast agent travel time has not yet been investi-
gated. Moreover, predicting the optimal scan timing
in an individual patient prior to CMR angiography
would be highly desirable. Consequently, the
present study sought to evaluate various routine
cardiovascular parameters with regard to their
influence on contrast agent bolus travel time

Methods

Patients

One hundred six consecutive patients (62 + 10
years, 61 men) with AF or non-isthmus dependent
left-atrial flutter underwent CMR imaging prior to
clinically indicated catheter ablation. Patients with
known contraindications to CMR imaging were
not considered. Detailed patient characteristics
are provided in Table 1. The study was conducted
in accordance with the local institutional review
board and the standards of the University of Leipzig
ethics committee. Written informed consent was
obtained from all patients.

CMR imaging protocol

All CMR examinations were performed us-
ing a 1.5T MR scanner system (Philips Ingenia,
Best, The Netherlands) equipped with Omega HP
gradients (45 mT/m, 200 T/m/s) and a 28-element

Table 1. Patient characteristics (n = 106).

Age [years] 62 + 10
Women 45 (43%)
Sinus rhythm during CMR-study 55 (562%)
Heart rate during CMR-study [1/min] 78 = 26
Pulmonary disease 6 (6%)
Body mass index [kg/m?| 29 +5
Left ventricular ejection fraction [%] 53 + 11
Left ventricular end-diastolic 157 £ 54
volume [mL]

Cardiac output [L/min] 59+ 1.6
Right ventricular ejection fraction [%] 42 + 8
Left atrial area [cm?] 29 +8
Right atrial area [cm?] 24 + 6
Pulmonary artery diameter [mm] 26 £ 4
Systolic pulmonary artery 27 £ 8
pressure [mmHg]

Mitral regurgitation > grade 2 10 (9%)
Tricuspid regurgitation > grade 2 8 (8%)

Data are provided as mean = standard deviation or number
(percent). CMR — cardiovascular magnetic resonance

array coil with full in-coil signal digitalization
combined with optical transmission. Conventional
cine imaging was performed in all cardiac standard
geometries (short axis geometries and long axis
geometries, i.e. 4-, 3-, and 2-chamber orienta-
tion) using steady-state free precession (SSFP)
sequences during end-expiratory breathholds with
a prospective electrocardiogram (ECG)-gating
acquisition. In addition, a 3D navigator-gated,
balanced turbo field echo (bTFE) sequence was
acquired in transversal slice orientation with full
coverage of the great thoracic vessels. Further-
more, phase-contrast flow measurements were
performed for the assessment of the cardiac output.
Finally, contrast-enhanced 3D CMR angiography
of the LA and PVs was performed during inspira-
tory breath-holding using a non-ECG triggered
spoiled gradient echo sequence (TR/TE/flip angle:
2.2 ms/0.8 ms/30°, isotropic spatial resolution:
1.0 x 1.0 x 1.0 mms3). During intravenous bolus
injection of 0.1 mmol/kg Gad-DTPA (Magnograf®,
injection rate 4.0 mL/s) followed by a 25 mL saline
flush at the same injection rate, integrated real-
time bolus tracking in coronal slice orientation
(slice thickness, 150 mm; in-plane spatial resolu-
tion, 1.7 X 1.7 mm? temporal resolution, 680 ms)
allowed for visual determination of the sequence
start as performed by a trained CMR operator; the
angiographic scan was initiated when the contrast
agent bolus arrived in the left atrium.
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Figure 1. A. Maximum-intensity projection of three-dimensional (3D) contrast-enhanced cardiovascular magnetic
resonance (CMR) angiography of the left atrium and pulmonary veins; accurate timing led to the highest relative
signal enhancement in left atrium/pulmonary veins; B. Segmented volume rendering reconstruction of the left atrium
and pulmonary veins; subsequently generated 3D CMR mesh model can be easily integrated into electroanatomical
mapping systems for guidance of catheter ablation procedures; C. Image fusion of electroanatomical map (EnSite
Precision, St. Jude Medical, St. Paul, MN, US) and CMR mesh model of left atrium and pulmonary veins during elec-

trophysiological ablation procedure.

CMR image analysis

Cine imaging was used to determine left-
ventricular volumes and function, right-ventricular
function and left-/right-atrial size according to
standard definitions. Maximal diameter of the
main pulmonary artery (PA) was measured on 3D
bTFE scan.

In order to objectively determine the correct
scan timing of PV angiography, signal intensity
measurements were carried out in the PA, the LA,
the ascending and descending aorta, and in the
adipose tissue of the anterior chest wall; relative
signal enhancement was calculated by dividing
the maximum signal intensity of the target region
by the signal intensity of the reference tissue
(= subcutaneous fat).

Echocardiography

In all patients, two-dimensional transthoracic
echocardiography was performed within 1 week
prior the CMR examination using a commercially
available ultrasound system (Vivid 7, General
Electric, Milwaukee, WI, USA) equipped with
a 3.5 MHz transducer. Recordings were made in
parasternal long- and short-axis, as well as apical
4- and 2-chamber views. Valve morphology and
function were assessed according to the guidelines
of the European Society of Cardiovascular Imag-
ing [10] and the American Society of Echocardi-
ography [11]: the severity of mitral and tricuspid
regurgitation was graded on a four-point scale. In
addition, systolic pulmonary artery pressure (PAP)

was estimated based on tricuspid regurgitation
velocity.

Statistical analysis

Continuous variables are stated as mean *
standard deviation if normally distributed. Num-
bers and ratios were used to describe categorical
variables. The Kolmogorov-Smirnov test was
used to assess normal distribution. The yx* test
was used for comparisons between groups in case
of categorical variables; the Student t-test was
applied for continuous variables. To determine
the relationship of contrast agent travel time and
cardiovascular parameters, univariate logistic
regression analysis was done. Parameters which
yielded as statistically significant in univariate
logistic regression analyses were assessed by mul-
tivariate logistic regression analysis. In addition,
univariate and multivariate regression analysis was
performed in the subgroups of patients presenting
with sinus rhythm or AF during CMR examination
and estimation models based on polynomial data
fitting were derived. A two-tailed p-value < 0.05
was considered significant.

Results

Patient characteristics

Cardiovascular magnetic resonance exami-
nations were successfully completed in all 106
patients (Fig. 1). Patient demographics are sum-
marized in Table 1.
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Figure 2. Measurements of relative signal enhancement
(mean = standard deviation) confirmed the highest val-
ues in left atrium (5.1 = 1.5; p < 0.001) in comparison to
the pulmonary artery (2.1 £ 1.1), ascending (4.3 = 1.2)
and descending aorta (4.0 = 1.3), respectively.

Figure 3. Histogram plot of contrast agent travel timein all
patients demonstrated a wide variability (range 12-42's;
mean 18 = 4 s); the blue line indicates fitted normal
distribution.

SVC RA

Lung passage LA

Figure 4. Real-time cardiovascular magnetic resonance (CMR) bolus tracking during contrast agent passage: repre-
sentative extracted frames of contrast agent bolus passage are shown demonstrating its arrival in superior vena cava
(SVC), right atrium (RA), right ventricle (RV)/pulmonary artery (PA), lung and left atrium (LA); subsequently, the three-
-dimensional angiographic imaging sequence was started; A. Sinus rhythm (heart rate 78/min), LV-EF 64%, RV-EF
61%, LA 18 cm?, RA 17 cm?, Ml grade 1; B. Atrial fibrillation (heart rate approx. 100/min), LV-EF 23%, RV-EF 24%, LA
29 cm? RA 27 cm?, Ml grade 1; LV — left ventricular; EF — ejection fraction.

Contrast agent travel time

The relative signal enhancement of large
thoracic vessels and cardiac cavities served as
a quality measure of accurate timing of the 3D
angiographic scan with the highest relative signal
enhancement observed in the LA (LA 5.1 = 1.5;
PA 2.1 + 1.1; ascending aorta 4.3 = 1.2; descend-
ing aorta 4.0 = 1.3; p < 0.001; Fig. 2); in 100%

(106/106) and 98% (104/106) of patients relative
signal enhancement was found to be higher in
the LA when compared to the main PA and the
ascending aorta, respectively. The travel time of
the contrast agent bolus was normally distributed
(Kolmogorov-Smirnov test, p = 0.11) and dem-
onstrated a wide variability (range 12-42 s; mean
18 = 4 s; median 17 s; Figs. 3, 4).
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Table 2. Univariate and multiple linear regression (MLR) analysis (p-values) for the prediction of the

real-time tracking time.

All patients SR during CMR AF during CMR
study study
Univariate MLR Univariate MLR Univariate MLR
Age 0.02 0.14 0.07 0.79
Sex 0.06 0.1 0.22
SR during CMR-study 0.01 0.95
Heart rate during CMR-study 0.12 0.63 0.92
Body mass index 0.36 0.49 0.87
LVEF < 0.001 0.01 < 0.001 0.001 0.03 0.16
LVEDV 0.004 0.17 < 0.001 0.51 0.20
Cardiac output 0.23 0.21 0.46
RVEF < 0.001 < 0.001 < 0.001 0.002 0.013 0.057
LA 0.001 0.65 0.046 0.34 0.052
RA 0.001 0.61 0.003 0.30 0.15
Pulmonary artery diameter 0.02 0.24 0.069 0.28
Systolic PAP 0.025 0.73 0.035 0.56 0.57
Mitral regurgitation > grade 2 0.001 0.27 0.008 0.52 0.17
Tricuspid regurgitation > grade 2 0.01 0.58 0.03 0.85 0.39

CMR — cardiovascular magnetic resonance; SR — sinus rhythm; AF — atrial fibrillation; LVEF — left ventricular ejection fraction; LVEDV —
left ventricular end-diastolic volume; RVEF — right ventricular ejection fraction; LA — left atrial dimension; RA — right atrial dimension;

PAP — pulmonary arterial pressure

In order to simulate angiographic scan timing
done without real-time display of contrast agent
bolus passage, derived mean and median values
with an allowed deviation of + 1 s were employed
as “fixed” timing parameters to the current study
population: theoretically, such an approach would
have yielded successful timing in only 16% and
20% of patients within the predefined ranges of
17-19 s and 16-18 s, respectively.

To determine the influence of various routine
cardiovascular parameters on the contrast agent
travel time, univariate analysis was performed and
revealed a significant correlation of the contrast
agent travel time with age, heart rhythm, left and
right ventricular ejection fraction (LVEF, RVEF),
left ventricular end-diastolic volume, left and right
atrial size, PA diameter, presence of mitral or tri-
cuspid regurgitation and systolic PAP, respectively
(Table 2). On multivariate analysis, LVEF and
RVEF remained the only independent predictors
of the contrast agent travel time (p = 0.002 and
p < 0.001, respectively); however, the adjusted
R? of 27.5% indicated that the regression model
poorly fitted the data.

In addition, subgroup analysis in patients
presenting with sinus rhythm or AF during the
CMR examination was carried out (Table 2) using

linear regression analysis: LVEF and RVEF re-
mained the only independent predictors of contrast
agent travel time in sinus rhythm patients while
in AF patients none of the cardiovascular param-
eters reached the level of significance (adjusted
R*-values, 54% and 12%, respectively).

In order to derive estimation models for the
prediction of contrast agent travel time in patients
with sinus rhythm, LVEF and RVEF were employed
in polynomial curve fitting procedures. Based on
R? change, quadratic models were identified to
represent a favorable compromise between model
complexity and routine applicability (Table 3).
Though significant, explaining only an additional
2% or 9% of the variance was considered not to
justify rendering the model even more complex
and hence, the cubic fit was rejected. Respective
estimation models for the calculation of predicted
contrast agent travel time are provided in Table 4.

Discussion

The present study evaluated the influence of
various cardiovascular parameters on the contrast
agent travel time as assessed during contrast-
enhanced CMR PV angiography prior to catheter
ablation of AF. The main findings were as follows:
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Table 3. Polynomial regression analysis to determine the influence of left and right ventricular ejection
fraction (LVEF, RVEF) on contrast agent travel time in patients with sinus rhythm (n = 55).

LVEF RVEF
R? Adjusted R? R? change R? Adjusted R? R? change
Linear model 0.43 0.42 0.43 0.33 0.32 0.33
Quadratic model 0.56 0.54 0.13 0.55 0.54 0.22
Cubic model 0.58 0.55 0.02 0.64 0.63 0.09

Table 4. Estimation models for calculation of contrast agent travel time (given in seconds) in patients

with sinus rhythm.

LVEF-based models
Linear

Quadratic
RVEF-based models
Linear

Quadratic

Contrast agent travel time [s] = 35 - 0.33 X LVEF
Contrast agent travel time [s] = 58 — 1.4 X LVEF + 0.01 x LVEF?

Contrast agent travel time [s] = 31 - 0.33 X RVEF
Contrast agent travel time [s] = 61 — 1.8 x RVEF + 0.02 x RVEF?

LVEF — left ventricular ejection fraction (in %); RVEF — right ventricular ejection fraction (in %)

(1) on univariate analysis numerous cardiovascu-
lar parameters had an influence on contrast agent
travel time, however (2) on multivariate analysis
the only independent predictors were identified
as LVEF and RVEF; (3) a reliable prediction of
the contrast agent travel time was not accurately
possible for every individual patient in particular
in patients with AF during CMR examination;
(4) in the subgroup of patients presenting with
sinus rhythm contrast agent travel time may be
determined from LVEF and RVEF using the pro-
posed polynomial estimation model; (5) finally,
visual determination of contrast agent bolus arrival
in the target region (i.e. the LA) using a real-time
tracking sequence enabled accurate timing of image
data acquisition in all patients.
Three-dimensional angiographic determina-
tion of PV and left atrial anatomy can assist in pre-
procedural decision making (e.g. cryoablation vs.
radiofrequency ablation technique) and is particu-
larly important for anatomical guidance during the
ablation procedure [4]. Depending on the operators’
preferences, image fusion of pre-procedural CT/
/CMR anatomic 3D reconstructions with electro-
anatomical maps can contribute in facilitating
complex AF ablation procedures [12]. In addition,
high-resolution, 3D depiction of the LA and PV
morphology resulting from image fusion reportedly
increased the safety of the AF ablation procedures
[13] and is fundamental in the prevention of rare,

but severe procedure-related complications such
as PV stenosis [14].

For high-quality, contrast-enhanced 3D CMR
angiography accurate timing of bolus arrival in the
LA/PV target region is of the essence. Although
real-time tracking which permits the direct visu-
alization of the bolus passage has been established
for several years, data from a multicenter trial
revealed a high proportion of technical failures due
to timing errors of up to 25% for CMR angiography
of the pulmonary arteries with a proportion of
technically inadequate images ranging from 11%
to 52% between different centers [15]. Obviously,
a reliable prediction of the correct timing to assist
the CMR operator would be highly desirable. In
the current study population, the distribution of
the contrast agent travel time showed a high vari-
ahility which on theoretical simulation using a fixed
timing value (mean or median) would have resulted
in 84% or 80% of inaccurately timed angiographic
scans, respectively, and thus, leading to inadequate
contrast enhancement and impaired image quality
in a majority of patients.

Consequently, the current study examined
a variety of readily available cardiovascular param-
eters and tested their influence on the contrast
agent travel time with the aim to better predict
scan timing. While on univariate analysis several
cardiovascular parameters were associated signifi-
cantly with contrast agent travel time, left and right
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ventricular function remained the only independ-
ent predictors on multivariate analysis. However,
the low adjusted R” indicated that the regression
model poorly fitted the data. A subgroup analysis of
patients presenting with AF during CMR examina-
tion demonstrated that prediction of scan timing
will almost invariably fail. On the other hand, the
subgroup of sinus rhythm patients yielded a con-
siderably higher adjusted R* value suggesting that
a prediction of the contrast agent travel time may
be possible. An estimation model, using a linear fit
provided an easily applicable approach in clinical
routine by calculating 35 or 31 minus one-third of
LVEF or RVEE respectively. An improved, though
more complex estimate could be achieved by apply-
ing a quadratic model given in Table 4. However,
the adjusted R* values indicated that only 54% of
the overall variation could be explained by the
independent variables LVEF and RVEE. Thus, it
must be noted that the possibilities to predict the
contrast agent travel time in an individual patient
are severely limited.

To overcome these timing challenges, alter-
native imaging approaches have been introduced.
Free-breathing ECG-gated 3D SSFP sequences
render the correct timing process needless: in
a small patient study [16] a non-contrast enhanced
imaging approach proved to be highly accurate
with regard to PV diameter measurements when
compared to contrast-enhanced CMR angiogra-
phy. Another study [17] applied an accelerated
free-breathing, ECG-triggered contrast-enhanced
PV CMR angiographic scan with isotropic spatial
resolution using compressed sensing, resulting
in even further improvement of vessel sharpness
when compared to conventional CMR angiography.
However, the fundamental prerequisite for all these
ECG-triggered imaging approaches consists in
the presence of a regular sinus rhythm. But con-
sidering the patient population scheduled for PV
angiography prior to electrophysiological ablation
procedures, a high proportion of patients will pre-
sent with AF and, thus, a high heart rate variability.
In the present study, nearly half of the patients had
AF during the CMR examination (48%) and con-
sequently, a non-ECG triggered imaging approach
such as the conventional contrast-enhanced PV
angiography is generally preferred.

A widely used alternative to real-time tracking
of the contrast agent bolus is the administration of
a small test bolus in order to estimate the arrival
time in the target region. General disadvantages
of test bolus timing include increased examina-
tion duration and background contamination by

gadolinium (potentially leading to unfavorable
pulmonary tissue enhancement and decreased
PV conspicuity). More importantly, the arrival
times for a small contrast agent dose and the full
dose are not necessarily consistent. Finally, taking
into account the high heart rate variability of AF
patients with concomitant rapid changes of hemo-
dynamics, it is evident that the test bolus strategy
can be regarded inherently flawed in this particular
patient population.

Finally, another important CMR imaging ap-
proach has become available with the advent of
time-resolved 3D-CMR angiographic scans (so
called “4D-CMR angiography” with time repre-
senting the fourth dimension). This scan technique
allows the acquisition of full 3D-angiographic
datasets of the thorax/large thoracic vessels in
a time-resolved manner (i.e. usually every 4 to
6 s) but this is at the expense of spatial resolu-
tion. The technique mostly obviates the need
for accurate bolus timing since during post-pro-
cessing a CMR expert selects the single, high
signal enhancement 3D-dataset of the LA/the PVs
for diagnostic evaluation and volume rendering/
/mesh reconstruction. However, the lower spatial
resolution of 4D-angiographic scans (non-isotropic
datasets, typically 2.5 X 2.5 mm® in-plane resolu-
tion with 5 mm slice thickness) in comparison to
bolus-tracking directed 3D-angiographic scans
(preserved high isotropic spatial resolution, usually
in the range of 1.0 x 1.0 mm’ in-plane resolution
with 1.0 mm slice thickness) should be taken into
account when establishing a routine institutional
angiographic protocol: with 4D-CMR angiography
small caliper PV anatomical variants (early small
caliper branching of PV main ostia or accessory
PVs e.g. right middle PVs, isolated roof top veins
etc.) may be poorly visible or even missed and, if
electrically active, may represent a possible focus
for re-occurrence of AF. Hence, at our institution
the interventional electrophysiologists generally
prefer bolus-tracking directed, high spatial reso-
lution 3D-angiography for anatomical procedural
guidance.

Conclusions

For the determination of contrast agent travel
time, left and right ventricular function were
identified as the only independent predictors but
regression models poorly fitted the data, particu-
larly in patients with AF during CMR examination.
Thus, 3D, PV angiography prior to PV ablation
procedures necessitates real-time assessment
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with visual determination of individual contrast
agent passage time to ensure consistently high
CMR image quality.

Conflict of interest: None declared
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Abstract

Background: 7o date, there is little information regarding management of patients with infective
endocarditis (IE) that did not undergo an indicated surgery. Therefore, we aimed to evaluate prognosis
of these patients treated with a long-term antibiotic treatment strategy, including oral long term suppres-
stve antibiotic treatment in five referral centres with a multidisciplinary endocarditis team.

Methods: This retrospective, multicenter study retrieved individual patient-level data from five referral
centres in Spain. Among a total of 1797, 32 consecutive patients with IE were examined (median age
72 years; 78% males) who had not undergone an indicated surgery, but received long-term antibiotic
treatment (LTAT) and were followed by a multidisciplinary endocarditis team, between 2011 and 2019.
Primary outcomes were infection relapse and mortality during follow-up.

Results: Among 32 patients, 21 had IE associated with prostheses. Of the latter, 8 had an ascend-
ing aorta prosthetic graft. In 24 patients, a switch to long-term oral suppressive antibiotic treatment
(LOSAT) was considered. The median duration of LOSAT was 277 days. Four patients experienced
a relapse during follow-up. One patient died within 60 days, and 12 patients died between 60 days and
3 years. However, only 4 deaths were related to IE.

Conclusions: The present study results suggest that a LTAT strategy, including LOSAT, might be con-
sidered for patients with IE that cannot undergo an indicated surgery. After hospitalization, they should
be followed by a multidisciplinary endocarditis team. (Cardiol ] 2021; 28, 4: 566-578)
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Introduction

Infective endocarditis (IE) is a severe, complex
entity with high morbidity, inhospital mortality
(20-30%) [1], and long-term mortality (~45%) [2],
despite recent advances in diagnostic and thera-
peutic strategies [3-5]. The epidemiology of IE
has changed [6-8] towards patients with multiple
comorbidities, prostheses, devices, congenital
heart diseases, or transcatheter procedures [9].

Cardiac surgery and antibiotic treatment are
the cornerstones of IE treatment. According to
current recommendations [10], more than 70% of
patients with IE have an indication for surgery, but
less than 50% finally undergo operations, due to
surgical risk [11-13]. In-hospital mortality is high
(~70%) among patients with surgery indicated
not undergoing surgery IE (SINUS-IE). How-
ever, information is sparse regarding the clinical
characteristics and long-term outcomes for these
patients [14].

Clinical guidelines [10] do not specifically
mention antibiotic treatment or a recommended
treatment duration for patients with SINUS-IE.
Oral antibiotics have shown to be effective for
shortening intravenous treatment in selected
cases of uncomplicated left-sided IE [15]; however,
there is a lack information regarding oral long-
-term antibiotic treatment (LTAT) in the context of
SINUS-IE. Moreover, new imaging techniques [16],
such as positron emission tomography/computed
tomography (PET/CT) might play a role in moni-
toring responses and establishing an appropriate
duration for LTAT [17, 18] in SINUS-IE.

We hypothesized that an approach managed
by a multidisciplinary endocarditis team (MDET)
that included individualized LTAT, long-term oral
suppressive antibiotic treatment (LOSAT) when
needed, and close follow-up might improve the
long-term prognosis in SINUS-IE. Accordingly, this
study aimed to evaluate the clinical characteristics
and outcome of patients with SINUS-IE treated
with long-term antibiotic regimens in 5 Spanish
referral centres.

Methods

Study design and data collection

For this multicenter, retrospective, observa-
tional study, patient-level data was collected from
local, prospective databases at 5 hospitals in Spain
from January 2011 to January 2019. The 5 hospitals
were referral centres for IE with cardiac surgery
facilities. In addition, MDETs held regular meet-

ings to discuss and evaluate therapeutic strategies
for patients with IE.

We included adult patients (age > 18 years)
with a definite diagnosis of IE (based on modified
Duke criteria/European Society of Cardiology (ESC)
criteria, modified in August 2015) and an indication
for surgery or device extraction, according to clinical
guidelines [10]. None of these patients underwent
surgical procedures after an evaluation by the
MDET. All these patients survived the index hospi-
talization with a plan established by the local MDET
for long-term intravenous treatment (> 8 weeks) or
LOSAT. Patients with fungal IE were excluded. For
patients with relapses, only the episode in which
the local committee decided to treat with LTAT was
included. Patients that had been discharged with
a plan for LTAT during follow-up were also included.

Data were obtained on demographics, clinical
parameters, diagnostics (imaging, microbiological,
and analytical parameters), and follow-up. A sim-
plified, standard case-report form was designed.
Data were recorded anonymously and sent to the
coordinating institution, where a database was
created specifically for this study.

Definitions

Healthcare-associated endocarditis was
defined elsewhere [19].

The Charlson comorbidity index [20] (not
age adjusted) was used at admission to stratify
overall co-morbidity.

Moderate or severe renal disease was de-
fined as an estimated glomerular filtration rate (based
on CKD-EPI method) below 60 mL/min/1.73 m® at
admission.

Surgery was defined as the replacement or
repair of the affected heart valve during the index
hospitalization.

Indications for surgery were adjudicated
prospectively during the index episode by the local
MDET, and they included: heart failure, embolic
event prevention, and uncontrolled infection [10].
The EuroSCORE [21, 22] (logistic EuroSCORE 1
and EuroSCORE II) was calculated for all patients.
For IEs related to a cardiovascular implantable
electronic device (CIED), percutaneous device
extraction was considered an indication for surgery.

Follow-up was defined as the period from the
day antibiotic treatment for IE was started until
death for any reason or the last follow-up. Data
was collected at the end of intravenous antibiotic
treatment, the beginning of oral antibiotic treat-
ment, when administered, and at the end of an oral
antibiotic prescription, after completion.
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After discharge for IE, survivors were pro-
spectively followed at regular intervals. Each
local MDET established the periodicity of blood
cultures, clinical evaluations, and imaging (PET/CT
and/or echocardiograms).

Long-term antibiotic treatment (LTAT)
was defined as an intravenous or oral antibiotic
regimen that exceeded the standard duration (usu-
ally < 8 weeks) of the established treatment for
an episode of native, device-related, or prosthetic-
related IE. When patients were switched to oral
treatment, the term long-term oral suppres-
sive antibiotic treatment (LOSAT) was used.
The MDET determined, a priori, whether the
duration of this treatment was time-defined or
life-long. However, the treatment durations were
re-evaluated at follow-ups. Durations were based
on patient status evolution and the response to
treatment, according to analytical, clinical, and
cardiac imaging parameters. When intravenous
treatment was required, an outpatient parenteral
antibiotic therapy regimen was preferred.

Relapse was defined as a documented, posi-
tive blood culture, caused by the same microorgan-
ism that caused the initial IE, and being observed
within the first year after completing the standard
established antimicrobial treatment.

Mortality was defined as death from any
cause during follow-up. The causes of IE-related
mortality were: heart failure, stroke, uncontrolled
infection, sudden death, and other causes attribut-
able to any IE complication.

Outcomes
Primary outcomes were: infection relapse and
mortality at the last follow-up.

Ethics

This study was performed in compliance with
the Helsinki Declaration and was approved by the
local Ethics Committee of Hospital Universitari
Germans Trias i Pujol (Badalona, Barcelona, Spain).

Statistical analysis

Categorical variables are expressed as ab-
solute numbers and percentages. Continuous
variables are expressed as the mean and standard
deviation (SD) or the median and 25-75 percentile
(interquartile range [IQR]), according to the data
distribution (normal or non-normal). Survival
was evaluated with the Kaplan-Meier method
and long-rank test. All analyses were performed
with STATA V.13.0 (College Station, Texas, United
States).

Results

Baseline characteristics

Between January 2011 and January 2019, 1797
patients with IE were identified in 5 participating
centres. Among these, we identified 32 discharged
patients with SINUS-IE managed with a LTAT
strategy. The median follow-up time from diagnosis
was 487 days (IQR: 332-1210 days). The baseline
patient characteristics are detailed in Table 1. The
mean age was 72.1 = 17 years and 78% were males.
Twenty-one (66%) patients had prosthetic valve en-
docarditis (PVE). Of these, 20 were left-sided and
one was right-sided PVE. Eight patients suffered
PVE before 1 year from valvular surgery (early
PVE) and the other 13 corresponded to late PVE.
Seven patients had CIED-related IE (Table 2). In
these cases, the device was either not extracted
or incompletely extracted, which were counter-
indications for surgery. Four patients had left-sided
native valve IE; 17 (53%) had healthcare-associated
IE, and 14 (43.7%) had a history of previous IE. Of
note, 8 (25%) patients had ascending aorta pros-
thetic grafts (AAGs; Table 3).

Most patients had comorbidities. The mean
Charlson index was 5 points (range: 3—7). The main
indication for surgery was uncontrolled infection
(75%), and 18 patients had local complications. The
main reasons for not undergoing surgery, despite
the indication, were: high surgical risk (75%),
surgeon refusal, due to an unaffordable technical
risk (15.6%), and patient refusal (6.2%).

Analysis of microbiological data, imaging
data, treatment, and outcomes

Twenty-four (75%) patients underwent
transesophageal echocardiography (TEE) and 20
(63%) patients underwent a PET/CT. Remarkably,
in 7 patients (5 with AAGs), the PET/CT estab-
lished the IE diagnosis after a previous negative
or inconclusive TEE.

Blood cultures were positive in 94% of pa-
tients. The most prevalent microorganisms were
coagulase-negative staphylococci (10/32, 31%) and
Staphylococcus aureus (7/32, 22%). Blood cultures
were negative in 2 patients that had previously
received antibiotic treatment. Of these, one had
previous cardiac surgery, and the surgery wound
culture was positive for S. epidermidis; the other
had undergone surgery 2 months prior for native
aortic valve IE associated with S. sanguis; thus,
this patient was treated for a relapse/early PVE.

The median duration of parenteral antibiotic
treatment was 8 weeks (IQR: 6-12 weeks). In
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Table 1. Baseline demographic, clinical, and
microbiological characteristics of the study
subjects.

Table 1 (cont.). Baseline demographic, clinical,
and microbiological characteristics of the study
subjects.

Parameters Overall Parameters Overall
(n=32) (n = 32)
Age [years] 72 = 17 Atrioventricular block 3(9.4)
Male sex 25 (78.1) Shock 1(3.1)
Healthcare-associated IE 17 (53.1) Indication for surgery
Type of infection Hemodynamic 1(3.1)
Prosthetic valve IE 21 (65.6) Uncontrolled infection 24 (75)
Early/late PVE 8/13 Local complication 18
Intracardiac device-related IE 7 (21.9) Embolic 1(3.1)
Native |E 4(12.5) Device infection 6 (18.8)
Clinical hlStOry'comOrbldltles EuroSCORE | (0/0)1 median (IOR) 32 (17-46)
e e ey EuroSCORE Il (%), median (IQR) 9.1 (6.7-14)
PreV|o.us £ _ L) Reasons for no surgery
Chronic ren:fll -fallure 14 143.8) Unaffordable surgical risk 24 (75)
Aletuerelyie [k P Patient refusal 2 (6.3)
Diabetes mellitus 9 (28.1) .. L
Intra-surgery clinical complication* 1(3.1)
COPD 5 (15.6) . .
. . Surgeon refusal (technical risk) 5 (15.6)
Severe liver disease 4 (12.5)
Outcome
Cancer 4 (12.5) .
0 to 60-day mortality 1(3.1)
AV el Cumulative 3 l 12 (37
t - talit
Charlson comordity index, 5 (3-7) umulative S-year mortality (37)
median (IQR) Related to |IE 4 (12.5)
Laboratory tests Relapses 4(12.5)
Hemoglobin [g/dL] 10.2 £ 2.02 Data are presented as the number (%) and mean = 1 standard
. deviation, unless otherwise indicated. *Neurological complication
CRP [mg/L], median (IQR) 33 (12-124) during surgery without valve surgery attempted. COPD — chronic
. obstructive pulmonary disease; CRP — C-reactive protein; eGFR
eGFR [mL/mIn/1 73 mz] 52.9 + 24 — estimated glomerular filtration rate; HIV — human immunodefi-
Echocardiography-PET/CT ciency virus; IE — infective endocarditis; IQR — interquartile range;
PET/CT — positron emission tomography/computed tomography;
TEE performed 24 (75) PVE — prosthetic valve endocarditis; TEE — transesophageal
PET/CT performed 20 (62.5) echocardiography
Control PET/CT performed 12 (37.5)
Local complication 18 (56.3) o
Ve (e 12 (37.5) 8 cases, only par.epteral LTAT was admlmstereq,
based on a decision by the local MDET. This
Moderate or severe valve 8 (25) .
regurgitation treatment lasted 34 weeks (range: 8-34) and was
L administered in an outpatient or day care setting
Microbiology
Coagulase-negative staphylococci 10 (31.3) (Table 4).
s i . 9 Phy ' Twenty-four (75%) patients were switched to
EPPEEES EUELS [ LOSAT after prolonged (12 patients) or adjusted
Streptococcus spp 4(12.5) to guidelines (12 patients) parenteral administra-
Enterococcus faecalis 4(12.5) tion. In 23 patients, the MDET initially established
Non-HACEK Gram-negative bacili 2 (6.3) LOSAT as a life-long treatment, starting at dis-
Negative blood cultures 2 (6.3) charge. The median duration of LOSAT was 277
Others 3(9.4) days (IQR: 73-868).
Complications Nine'patients underwent PET/CTs to guide
Embolization 8 (25) the. duration and response to treatment. In these
patients, the LOSAT was stopped, based on PET/
Stroke 6 (18.8) . . . .
. /CT information. None of these patients experi-
Heart failure 5 (15.6)

enced infection relapse.

www . cardiologyjournal.org 569



Cardiology Journal 2021, Vol. 28, No. 4

Table 2. Description of seven episodes of device infective endocarditis treated with oral long suppres-

sive antibiotic treatment.

Age Sex Underlying Etiology Percutaneous Antibiotic Final status
[years] condition extraction treatment (follow-up,
tried and duration years)
87 Male CRF, diabetes S. epidermidis Yes CMX 160/800 mg bid Relapse (0.2)
Longlife Alive (3.2)
89 Male CRF S. aureus No CMX 160/800 mg bid  Death (0.8)
Longlife Not related
91 Male CRF S. aureus No CMX 160/800 mg bid Alive (1.6)
¢
LVF 500 mg QD
Longlife
88 Female Diabetes S. aureus Yes LVF 500 mg/2 days Alive (6.6)
Longlife
82 Male CRF, COPD S. epidermidis No LVF 250 mg/2 days Death (3.5)
(+ Rifampicine 300 mg Not related
QD 4 months)
93 Female CRF, hepatopathy Enterococcus No Amoxicilin 1 g TD Death (0.4)
faecalis Longlife Not related
69 Male COPD, hepatopathy S. epidermidis Yes Amoxicilin 1 g TD Alive (0.8)
Longlife

CMX — cotrimoxazole; COPD — chronic obstructive pulmonary disease; CRF — chronic renal failure; LVF — levofloxacine; bid — bis in die
(twice a day); QD — quaque die (once a day); TD — ter in die (three times a day)

Long-term oral suppressive antibiotic treat-
ment comprised a variety of oral antimicrobial
classes. In initial treatments, 9 patients received
beta-lactams, 9 patients received trimethoprim-
sulfamethoxazole (TMP/SMX), 2 patients received
clindamycin, and 4 patients received fluoroquinolo-
nes (levofloxacin). Others agents were combined
with the initial treatment or were used during
follow-up, including linezolid (n = 2) and rifampicin
(combined with levofloxacin, n = 1). Four (17%)
patients experienced adverse drug-related events,
including thrombocytopenia (n = 2), associated
with linezolid, and digestive intolerance (n = 1) and
a skin disorder (n = 1), associated with TMP/SMX.
Only 1 of these patients required definitive LOSAT
discontinuation. In 2 cases, in vitro resistance was
resolved with another antibiotic treatment option.
Some antibiotic regimens and doses are described
in Tables 2 and 3.

Four patients experienced infection relapses
during follow-up. All had positive blood cultures,
but no clinical repercussion. The median time to
relapse was 144 days (IQR: 72-210). The first re-
lapse was a late PVE associated with Streptococcus
viridans. An aortic abscess was treated with oral
amoxicillin (3 g/day), which was stopped after
1 year, due to clinical stability; subsequently, positive
blood cultures were documented. Life-long amoxi-
cillin was re-started, and the patient is currently

doing well in follow-up. The second relapse was
a CIED-related IE, associated with coagulase-nega-
tive Staphylococcus and incomplete extraction of the
CIED lead. The patient was switched to oral TMP/
/SMX. After 2 months, positive blood cultures were
detected, but without clinical repercussion, and
the same antibiotic regimen that was used in the
follow-up. The third relapse was a prosthetic valve
(Bentall surgery) IE, associated with coagulase-
-negative Staphylococcus. The patient was treated
with TMP/SMX LOSAT, but after 5 months, the
patient developed in vitro resistance to TMP/SMX.
After switching to oral clindamycin, the IE showed
a favourable evolution. The fourth relapse was an
early PVE, associated with coagulase-negative
Staphylococcus. The patient was switched to oral
linezolid (600 mg bid). After 3 months, during
treatment, positive blood cultures were detected,
and the treatment was switched to intravenous
vancomycin for 4 weeks. Subsequently, the patient
was treated with oral TMP/SMX (160/800 mg bid),
which was stopped after 1 year, due to stable infec-
tion and clinical stability and disease improvement,
based on PET/CT.

The estimated overall survival rates were
78% at 1 year and 62% at 3 years (Fig. 1). Only
1 patient died within 60 days, due to an uncontrolled
infection during treatment. Twelve patients died
between 60 days and 3 years, but only 4 deaths
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Figure 1. Survival in surgery indicated, but did not un-
dergo surgery for infective endocarditis patients treated
with long term antibiotic treatment.

were related to IE (due to uncontrolled infection
in 1 patient, stroke in 2 patients, and heart failure
in 1 patient). After 3 years of follow-up, 3 more
deaths occurred that were unrelated to IE. Of note,
in the group with SINUS-IE that had AAGs, only
1 IE-related death occurred after a previous relapse
(Table 3), and in the CIED device IE group, 3 deaths
occurred that were unrelated to IE (Table 2).

Discussion

According to available research, this study
included the largest series (including left sided IE)
to date in describing the experiences and outcomes
of patients with SINUS-IE treated with LTAT, in-
cluding those that switched to LOSAT. All previous
studies were small, retrospective studies or case
reports (Table 5). An overall survival of 62% at
3 years, and only 4 relapses were observed.

Successful IE treatment requires prolonged
bactericidal antibiotic treatment and surgery to
remove infected material and drain abscesses.
Current indications for surgery in IE are well de-
fined in the American Heart Association and ESC
guidelines [10, 23]. They include valve dysfunction
that leads to heart failure, uncontrolled infection
(defined as a paravalvular extension, abscess, or
persistent bacteremia), and recurrent/high risk of
embolism. More than 50% of patients with IE meet
the surgical criteria, according to clinical guidelines
[24], but of those, 20-40% do not undergo surgery
due to high perioperative risk [11, 14, 25]. In-hos-
pital mortality is high in SINUS-IE, typically due to
shock and heart failure; only one third of patients

survive past the index hospitalization [14]. In the
present study, among the patients with SINUS IE
that were treated with LTAT and survived the acute
phase of IE, the main indication for surgery was
uncontrolled infection (75% of patients), including
18 (56%) patients with local complications (mainly
perianular abscesses) detected in imaging.

Guideline recommendations concerning anti-
biotic treatments and durations are not sufficiently
evidence-based for SINUS-IE, due to the lack of
randomized controlled trials [9]. The standard
treatment for IE is 2-6 weeks of intravenous
antibiotic treatment. This treatment is suitable
for classical, uncomplicated, prosthetic-, native-,
or device-related IE, but clinical guidelines do
not mention antibiotic treatment or durations for
patients with SINUS-IE. Consequently, patients
with SINUS-IE are treated according to local ex-
perience, in a heterogeneous manner.

In the present study, 7 patients with local
complications received prolonged LTAT. A recent
study described treating IE with dalbavancin [26],
a long-acting lipoglycopeptide antibiotic with ex-
cellent anti-staphylococcal activity and a half-life
of 346 h. This treatment might be an attractive
option for staphylococcal-associated endocarditis,
in patients with SINUS-IE that cannot tolerate oral
antibiotic treatment. A recent case study showed
a favourable outcome with dalvabancin [27]. In the
present study, due to the retrospective design, no
patients were treated with dalvabancin.

The role of oral antibiotic therapy in treating
IE remains controversial [28]. Oral antibiotics
have high bioavailability and have been effective
in shortening intravenous treatment and treating
selected cases of uncomplicated IE caused by
susceptible organisms [15, 28-31]. Recently, an
intervention study [32] demonstrated that a rapid
switch to oral TMP/SMX reduced the hospital stay
and mortality in S. aureus-associated IE, including
patients with cardiac abscesses or persistent bacte-
remia. Oral LOSAT for patients with SINUS-IE has
only been described in case reports [33], in case
series for some specific situations (e.g., fungal IE
[34], CIED--related IE [35, 36], aortic grafts [37]),
and briefly, in some contemporary series [25] and
reviews [9].

Prosthetic graft infection is a fatal complication
after thoracic aorta replacement; early mortality
was reported to be 25-42% [38]. In the present
study, 8 patients with SINUS-IE that developed
PVE after a previous surgery involving the aortic
root and ascending aorta (Bentall procedure or
ascending aorta graft replacement) were treated
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with LTAT. Five of these patients were treated
orally (two life-long treatments), and only one
death occurred during follow-up. The diagnosis and
management of PVE after aortic root or ascending
aorta graft surgery are difficult and require long-
-term, combined antibiotic treatment and surgery,
when possible [39]. In patients with inconclusive
echocardiographic results, a combination of PET/
/CT and cardiac CT is recommended [40, 41]
(among our 8 patients, 5 were diagnosed with
PET/CT after inconclusive or negative TEEs).
Consistent with some previous reports [37, 42—44],
the present findings suggested that individualized
LTAT might be effective (when there is no valvular
dysfunction) in select patients with PVE compli-
cated with AAG infections that are unfit to undergo
surgery. Another option could be conservative
surgery with valvular replacement and AAG pres-
ervation. However, the risk of recurrence is high;
thus, chronic antibiotic suppressive treatment has
been recommended, in some cases [38].

Positron emission tomography/computed
tomography is a functional molecular imaging
technique that depicts metabolic activity. Several
studies [16, 17, 41] have shown its utility for di-
agnosing PVE. Recently, ESC IE guidelines [10]
have included abnormal activity around a prosthetic
valve as a major criterion and embolic phenomena
as a minor criterion for diagnosing PVE. In the pre-
sent study, PET/CT was performed as a diagnostic
tool in 62.5% of patients. Additionally, PET/CT
has shown promise in monitoring responses to
antimicrobial treatment in PVE, as suggested in
small observational studies [18]. On the other hand,
sometimes, false-negative findings have been at-
tributed to low inflammatory activity at the time of
imaging, caused by prolonged antibiotic therapy. In
the present study, PET/CT was used to guide the
cessation of LOSAT in 9 patients. Those patients
had favourable outcomes, after antibiotic treatment
was stopped, due to a reduction or termination of
metabolic uptake detected with PET/CT. More
large-scale studies are warranted to investigate
this indication.

In the present study, 7 patients with CIED-
-related IE were treated with LOSAT. Of these,
3 patients had incomplete percutaneous extractions,
and the other 4 had comorbidities that counter-
indicated percutaneous extraction, as judged by
the MDET. Of these 7 patients, only one experi-
enced arelapse, and no IE-related deaths occurred.
LOSAT was also given to select patients with de-
vice-related IE that were ineligible for device removal
(either surgical or percutaneous) or patients that

experienced incomplete removal [45]. Currently,
no comparable studies on LOSAT are available.
Therefore, the optimal choice, dose, or duration
of antibiotic treatment remain undefined; differ-
ent outcomes have been reported in the few small
observational studies that were published [35, 36].

The 5 hospitals included in the present study
had a MDET that was comprised of cardiac imag-
ing experts, cardiac surgeons, microbiologists, and
infectious disease specialists. Previous studies
showed that a team-based approach reduced the
1-year mortality in a mixed cohort of medically
and surgically managed patients with IE [46, 47].
Additionally, a recent study [48] showed improved
survival in patients that were managed medically.
The present study showed that close follow-up and
individualized treatment, supported with cardiac
imaging, could improve the long-term prognosis in
patients with SINUS-IE treated with LTSAT includ-
ing LOSAT. Based on our experience, we propose
an algorithm (Fig. 2) for guiding the management of
patients with SINUS-IE and treatment with LOSAT.

Limitations of the study

This study had several limitations. First,
antibiotic treatment was heterogeneous, because
administration was at the discretion of the physi-
cian and the center, according to local protocols.
Second, the definition of LOSAT was established ad
hoc. Third, patient-level data were retrospective,
pooled, and prospectively analyzed. Proposed algo-
rithm is based on our own local experience without
previous supporting clinical evidence.

Conclusions

Surgery indicated not undergoing surgery
IE remains a dreadful complication, and we lack
evidence-driven management guidelines. Herein,
it was shown that survivors could achieve a rea-
sonable long-term prognosis with an MDET-based,
managed approach, with close follow-up, individu-
alized antibiotic treatment, including LOSAT, and
guidance from new imaging techniques. More
multicenter prospective studies are needed to
validate the proposed algorithm and to establish an
appropriate long-term strategy for treating patients
with SINUS-IE.
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Abstract

Background: Percutaneous tricuspid repair using the edge-to-edge technique is a novel treatment op-
tion. More data are needed to better understand which aspects predict a favorable outcome

Methods: Twenty high-risk patients (78.6 = 8.3 years, EuroScore I1 9.1 + 7.7%, STS score 8.8 + 4.3)
with severe symptomatic tricuspid regurgitation (TR) were treated with the MitraClip® system. All pa-
tients underwent standardized pre-, peri-, and post-procedural evaluation. Acute success was defined
as successful edge-to-edge repair with TR reduction of > 1 grade and survival until hospital discharge.
Results: Fifteen (75%) patients showed acute success until discharge and 12 (60%) at 30-day follow-
up. In 5 (25%) patients repair failed due to either unsuccessful clip implantation (n = 2), single leaflet
device attachment (n = 1), TR reduction < 1 grade (n = 1), or in-hospital death (n = 1). Comparing
patients with successful procedure versus those with failed repair revealed similar comorbidities but
more severe right heart failure, lower left ventricular ejection fraction, worse renal function, and higher
diuretic equivalent doses in the failed repair group. No differences in conventional echocardiographic
parameters for TR severity but more dilated tricuspid annulus geometry (tricuspid valve annulus, co-
aptation depth, tenting area) in the failed repair group were observed. The success rate of non-central/
[non-anteroseptal jet location was only 25%.

Conclusions: Tricuspid annulus geometry assessment may be of crucial importance and seems to im-
Dpact procedural outcomes in patients undergoing edge-to-edge tricuspid valve repair. Further investiga-
tions including advanced imaging are needed to better understand and treat this complex valve disease.

(Cardiol J 2021; 28, 4: 579-588)

Key words: tricuspid regurgitation, percutaneous repair, transcatheter treatment,

edge-to-edge technique, echocardiography

Introduction

Current guidelines reserve surgical treat-
ment of severe tricuspid regurgitation (TR) almost
exclusively to combined left-heart procedures,
whereas indications for stand-alone surgery for
severe TR are only vaguely described [1-3]. The
tricuspid valve (TV) is commonly referred to as

“the forgotten valve” because data on single TV
surgery are sparse, randomized trials are lacking,
and there are no definite criteria guiding indica-
tion and timing of TV repair [4-6]. TV disease is
mainly of secondary nature due to left-sided heart
disease, pulmonary hypertension, atrial fibrillation,
or lead-related problems in patients with cardiac
implantable electronic devices [7-9]. TV apparatus
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anatomy and pathogenic mechanisms of TR are
complex and involve various degrees of right heart
remodeling and tricuspid annulus dysfunction.
Echocardiographic grading of TR severity has limi-
tations and seems insufficient despite introduction
of a 5-stage grading scheme in 2017 with expansion
of the ‘severe’ grade into three subcategories [10].
Recently, a more integrated approach for evaluation
of TR disease has been proposed [7, 11].
Patients with severe TR often represent
a high-risk surgical population, which relies at
least partly on late referral and advanced heart
failure (HF) after left-sided heart surgery [12].
The prognosis of functional tricuspid regurgitation
(FTR) is poor [13-15]. Benfari et al. [13] recently
reported a 5-year survival of 34% and a 10-year
survival of only 14% for patients with severe FTR
and HF with reduced ejection fraction (HFrEF). Im-
portantly, the excess mortality in TR seems to be
independent of pulmonary hypertension and other
concomitant clinical parameters, as recent studies
suggest [13-17]. Therefore, it can be speculated
that TV repair at an earlier disease stage might
be favorable before irreversible right ventricular
dysfunction and dilatation manifests [16, 18]. Such
lessons were learned for the treatment of mitral
valve regurgitation the past years. Because FTR
is not only a marker for severity of HF disease,
but also a major contributor in pathophysiological
processes, it represents a potential therapeutic
target in patients with HFrEF. Conversely, in-
hospital mortality of patients undergoing TV repair
or replacement is substantial with reported rates
between 8% and 24% [3, 12, 19, 20]. Older age
(> 60 years) and TV replacement instead of repair
can further double the risk for in-hospital death [3].
A novel treatment option for severe TR in
patients with high surgical risk is a percutaneous
tricuspid valve intervention, where the edge-to-
-edge-technique using the MitraClip® is most often
used. A variety of transcatheter treatment options
have been developed which simulate different surgi-
cal approaches like suture or ring annuloplasty (e.g.
Trialign, TriCinch, and Cardioband or Millipede,
respectively), coaptation enhancement (MitraClip,
Forma, Pascal), valve replacement (e.g. NaviGate,
TriSol, Cavi/BiCavi), or neochordae repair (e.g.
Tricentro, TricValve) [21]. Most are still under inves-
tigation and are being tested in different phases of
research. Recently published data from the TriValve
registry showed significant clinical improvement
and reduction of 1-year mortality after successful
transcatheter tricuspid edge-to-edge repair [22].

However, appropriate patient selection for
percutaneous TR repair is of crucial importance.
Data on parameters and clinical constellations that
translate into procedural success and favorable
clinical outcome after transcatheter TV interven-
tion (TTVI) are limited.

The aim of this observational, prospective
study was to analyze the clinical, echocardiograph-
ic, and procedural characteristics in patients with
successful vs. unsuccessful percutaneous tricuspid
intervention using the edge-to-edge technique.

Methods

Study design and patient population

All patients undergoing transcatheter TV
repair at our institution were prospectively in-
cluded in our TV registry. Here, we report our
first experiences with edge-to-edge repair using
the MitraClip® between 12/2017 and 07/2019
after starting this program in high-risk patients.
All patients underwent standardized pre-, peri-,
and post-procedural evaluation including clinical,
echocardiographic and invasive examination.
All parameters were prospectively entered into
a database. All patients were discussed with
the heart team and declined for conventional
TV surgery. The safety and feasibility of the
procedure, reduction of TR-grade, and clinical
outcomes were collected and analyzed at the day
of discharge and 30-day follow-up. Successful
intervention was defined as successful edge-to-
-edge repair using one or more MitraClips® with
TR reduction of > 1 grade and survival until
hospital discharge.

The study was approved by the local ethics
committee of the University Hospital of Jena (iden-
tification number: 2019-1325-BO) and conducted
according to the principles of the Declaration of
Helsinki.

Statistical analysis

All parameters were archived in a custom-
made database. Statistical calculations were done
with SPSS (version 26.0, IBM SPSS statistics).
Normal distribution was tested with the Shapiro-
-Wilks test. Continuous variables are expressed as
mean * standard deviation and analyzed with the
unpaired Student t-test. Categorical variables are
presented as counts (percentages) and analyzed
with y’-test or Fisher’s exact test for small patient
numbers. Statistical significance was assumed for
p-values < 0.05 (two-tailed).
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Results

Baseline clinical characteristics

A total of 20 high-risk patients (78.6 = 8.3
years old, EUROScore Il 9.1 = 7.7%, Society of
Thoracic Surgeons [STS] score 8.8 + 4.3) with
severe symptomatic TR were treated with the
edge-to-edge technique using the MitraClip® sys-
tem. Baseline clinical characteristics are presented
in Table 1. Most patients were in New York Heart
Association (NYHA) functional status class III
and showed chronic peripheral edema and pleural
effusion before TTVI (Table 1). All but 1 patient
had concomitant atrial fibrillation, and 18 (90%)
patients showed pulmonary hypertension with
a mean pulmonary pressure of 31.3 = 7.5 mmHg.
We found concomitant mitral regurgitation of grade
> 2 in 11 (55%) patients. Overall, liver function
was not reduced, and patients were on moderate
dosage of diuretics (24.2 = 15.6 mg torasemid
equivalent dose). Cardiopulmonary exercise test
(spiroergometry) could only be performed in
8 (40%) patients due to advanced HF and the
frailty of the patient population (exercise capacity
59.1 = 20.6 W, VO, anaerobic threshold 9.1 + 1.6,
VO, peak 11.6 = 2.9). Cardiac index was < 1.8 L/
/min/m’ in 4 (20%) patients. Concomitant percu-
taneous repair of the mitral valve, using the edge-
to-edge technique as well, was done in 2 (10%)
patients before TTVI (Table 1).

Tricuspid regurgitation:
Etiology and echocardiographic data

Left ventricular (LV) systolic function was
mostly normal or mildly reduced (ejection fraction
[EF] 54.3 = 14.6%) and only 4 (20%) patients had
a LVEF below 40% (Table 2). Conversely, 11 (55%)
patients had a reduced right ventricle (RV) function
with a RV fractional area change < 35% (Table 2).
Our patient population showed a mean TR grade of
3.9 + 0.8 (median 4.0) using the new 5-stage grad-
ing scheme, with 13 (65%) patients suffering from
massive or torrential TR (Table 2, Fig. 1A, B) [10].
The effective regurgitation orifice area (EROA),
TR volume, and TR vena contracta are outlined
in Table 2. The etiology of TR was judged as
functional in 14 (70%) patients, structural in
5 (25%) patients, and mixed in 1 (5%) patient. Of
note, chronic pulmonary disease was only noted
in 3 (15%) patients, and concomitant implantable
cardioverter-defibrillator or pacemaker leads were
detected in 3 (15%) patients (Table 1). The calcu-
lated mean TRuE risk score (https://thetruerisk.
com [23]) of 7.1 = 2.3 (median 6.0) in our sample

size represents a high risk (75" percentile) for
5-year mortality and therefore a patient population
with advanced TR disease.

TTVI: Procedural data, safety, and
acute procedural success

Overall, TR clip procedure was safe without
any major procedural complications such as emer-
gent surgery, cardiac tamponade, prolonged cardio-
pulmonary resuscitation, or myocardial infarction.
The operator learning curve for TTVI has to be
judged as steep. The procedure time of the first
two TTVIs was 290 and 314 min, which is rather
long. However, the subsequent procedure time
shortened and ranged between 54 and 200 min
with a mean of 138.2 = 42.9 min (Table 2).

In total, 15 (75%) patients had a successful
intervention. In 5 (25%) patients TTVI failed due
to either unsuccessful clip implantation (n = 2),
single leaflet device attachment (SLDA) before
discharge (n = 1), or TR reduction < 1 grade
(n = 1). One patient developed upper gastrointes-
tinal bleeding due to an esophageal Mallory-Weiss
tear that needed endoscopic clip application after
TTVI. However, there was no transfusion required.
There was 1 death due to progressive cardiogenic
shock 4 days after the procedure, but the proce-
dure was planned as the last therapeutic option in
this terminally ill patient (n = 1, 5% in-hospital
mortality).

A mean of 1.8 + 0.8 clips were implanted per
patient: in 14 (70%) patients clips were implanted
into the anteroseptal commissure, in 2 (10%)
patients solely in the posteroseptal commissure,
whereas 3 (15%) patients received clipping of both
antero- and posteroseptal commissures (Table 2,
Fig. 2). TR grade was significantly reduced from
stage 4.0 = 0.8 at baseline to stage 2.5 = 1.0 at
discharge and 2.8 *+ 0.8 at 30-day follow-up in all
patients and particularly in patients with successful
TTVI (Fig. 1A, B).

We did not see an association between clip
location and success rate. However, the main jet
location in patients with failed acute success was
posteroseptal (n = 3, 60%; Table 2). Of note, in
18 of 20 patients NTR MitraClips were implanted,
and following the market launch of the new XTR
clips the last 2 patients were successfully treated
with XTR MitraClips.

Patients showed similar comorbidities irre-
spective of procedural success (Table 1). However,
patients with a failed TTVI seemed to be sicker
because the LVEF was lower, diuretics equivalent
doses were higher, renal function was worse, and
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Table 1. Clinical characteristics of the patient population (n = 20) at baseline.

All patients Acute success Acute failure P
(n = 20) (n = 15) (n =5)

Clinical characteristics
Age [years] 78.6 + 8.3 80.3 + 5.2 73.4 + 13.8 0.11
Male sex 10 (50%) 6 (39.9%) 4 (80%) 0.13
Body mass index [kg/m?] 27.2 £ 5.7 (27.2) 27.1 £ 6.2 (27) 27.2 £ 4,5 (27.4) 0.97
NYHA class: 0.015

Il 2 (10%) 0 (0%) 2 (40%)

1l 14 (70%) 11 (73.3%) 3 (60%)

v 4 (20%) 4 (26.7%) 0 (0%)
Ejection fraction > 40% 16 (80%) 13 (86.7%) 3 (60%) 0.22
Edema 18 (90%) 13 (86.7%) 5 (100%) 0.42
Pleural effusion 10 (50%) 7 (46.6%) 3 (60%) 0.61
Ascites 8 (40%) 4 (26.7%) 4 (80%) 0.036
STS score 8.8 + 4.3 (7.6) 8.4 + 3.4 (7.9) 9.7 + 6.9 (6.4) 0.58
EuroScore Il 9.1 + 7.7 (6.6) 9.3 +7.3(7.4) 8.6 + 9.8 (3.2) 0.87
Concomitant mitral clip 2 (10%) 2(13.3%) 0(0%) 0.42
Comorbidities
Atrial fibrillation 19 (95%) 15(100%) 4(80%) 0.08
Diabetes 6 (30%) 5(33.3%) 1(20%) 0.59
COPD 3 (15%) 3(19.9%) 0(0%) 0.30
Pacemaker/ICD 3 (15%) 2 (13.3%) 1(20%) 0.74
Previous cardiac surgery 3 (15%) 2(13.3%) 1(20%) 0.74
Pulmonary hypertension 18 (90%) 14(93.3%) 4(80%) 0.42
End stage renal failure 2 (10%) 1(6.7%) 1(20%) 0.42
requiring dialysis
Coronary artery disease 5 (25%) 2 (13.3%) 3 (60%) 0.34
Co-medication
Torasemide equivalent 24.2 + 15.6 (20) 20.7 = 14.6 (20) 37.5 + 12.6 (40) 0.052
dose [mg]
Thiazide use 9 (45%) 6 (39.9%) 3 (60%) 0.24
MRA 4 (20%) 4 (26.7%) 0 (0%) 0.27
Oral anticoagulation 15 (75%) 13 (86.7%) 3 (60%) 0.21
Laboratory parameters
Creatinine [mg/dL]* 1.4 = 0.4 (1.3) 1.34 = 0.4 (1.28) 1.53 = 0.6 (1.5) 0.46
BUN [mg/dL]* 77.8 £ 46.1 (71.9) 73.1 £ 37.1 (71.9) 93.4 + 73.1 (90.1) 0.46
GFR [mL/min]* 45.2 + 13.6 (43.1) 44.1 + 12.0 (43.1) 49.2 + 20.1 (50.3) 0.53
BNP [pg/mL] 826.7 + 734.8 (540) 806.9 * 657.2 (622) 886.2 = 1023.2 (456) 0.84
Bilirubin [umol/L] 15.3 £ 5.2 (15) 15.7 = 5.2 (15) 14.4 = 5.6 (14) 0.65
ASAT [umol/L X s] 0.52 = 0.22 (0.46) 0.54 = 0.25 (0.48) 0.44 = 0.13 (0.45) 0.42
ALAT [umol/L X s] 0.29 + 0.2 (0.22) 0.31 + 0.21 (0.28) 0.21 + 0.12 (0.17) 0.36
Cholinesterasis [umol/L X s] 98.1 = 31.2 (99) 102 + 32.7 (103) 86.2 = 25.5 (78) 0.35
Hemoglobin [mmol/L] 7.6 £ 0.8 (7.8) 7.5+ 0.9 (7.6) 7.8 £ 0.4 (7.9) 0.24

Data are shown as mean = standard deviation (median) or number (percentage). *Patients on dialysis were excluded from analysis of renal
function parameters; NYHA — New York Heart Association; STS — Society of Thoracic Surgeons; COPD — chronic obstructive pulmonary
disease; ICD — implantable cardioverter-defibrillator; MRA — mineralocorticoid receptor antagonists; BUN — blood urea nitrogen;

GFR — glomerular filtration rate; BNP — B-type natriuretic peptide; ASAT — aspartate transaminase; ALAT — alanine aminotransferase
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Table 2. Echocardiographic, invasive, and procedural characteristics of the patient population (n = 20).

All patients Acute success Acute failure P
(n = 20) (n = 15) (n = 5)

Echocardiography
LVEF [%] 54.3 + 14.6 (60.0) 56.8 + 13.7 (60) 47.0 = 16.7 (46) 0.203
RV FAC [%] 35.0 = 6.3 (33.5) 35.1 = 6.6 (33) 34.8 = 6.1 (37.5) 0.95
TV annulus [mm] 45.5 + 5.6 (45.0) 43.9 + 4.6 (44) 50.0 = 6.5 (50) 0.032
Coaptation depth [mm] 7.4 £ 3.2 (7.0) 6.7 = 3.1 (6.8) 9.8 + 2.6 (11) 0.056
Tenting area [cm?] 24 + 1.0 (2.3) 2.1 £ 0.9 (2.14) 3.2 + 1.0 (3.35) 0.025
TR vena contracta [mm] 11.5 = 4.3 (10.0) 11.5 = 4.2 (10) 12.6 = 4.6 (12) 0.53
EROA [cm?] 0.73 = 0.26 (0.76) 0.71 = 0.28 (0.76) 0.78 = 0.19 (0.80) 0.59
TR volume [mL/beat] 59.7 = 19.5 (59) 58.6 = 20.9 (59) 62.8 = 15.9 (61) 0.68
TR grade at baseline (5 stages): 4.0 = 0.8 (4) 3.9 = 0.8 (4) 4.2 + 0.8 (4) 0.45

Severe 7 (35%) 6 (40%) 1(20%) 0.45

Massive 7 (35%) 5 (33.3%) 2 (40%)

Torrential 6 (30%) 4 (26.7%) 2 (40%)
Main jet location: 0.026

Central 11 (65%) 9 (60%) 2 (40%)

Anteroseptal 5 (25%) 5 (33.3%) 0 (0%)

Anteroposterior 0 (0%) 0 (0%) 0 (0%)

Posteroseptal 4 (20%) 1(6.7%) 3 (60%)
Invasive hemodynamics
Systolic PP [mmHg] 49.2 + 12.8 (50.5) 50.0 = 12.3 (53) 46.8 = 15.8 (45) 0.64
Mean PP [mmHg] 31.3 = 7.5 (31.0) 31.3 = 6.8 (32) 31.2 = 10.2 (30) 0.99
Right atrial pressure [mmHg] 12.9 = 5.6 (14.0) 12.6 = 5.7 (12) 13.6 = 5.6 (15) 0.74
PCWP [mmHg] 20.6 =+ 5.6 (20.0) 20.9 + 5.3 (20) 19.6 = 7.1 (17) 0.68
Cl [L/min/m?] 2.2 £ 0.5 (2.3) 2.2 £ 0.5(2.2) 2.2 £ 0.3(2.4) 0.92
Tricuspid valve intervention
Procedure duration [min] 170.0 = 75.8 (150.5) 163.6 = 65.6 (140) 127.4 = 60.9 (114) 0.29
Fluoroscopy time [min] 18.8 + 15.3 (15.4) 19.5 + 13.3 (16.2) 17.1 = 11.9 (12.1) 0.73
Total number of clips 1.8 £ 0.8 (2) 1.7 £ 0.6 (2) 1.4 = 1.1(1) 0.50
Clip position: 0.23

Anteroseptal 14 (70%) 10 (66.7%) 4 (20%)

Posteroseptal 2 (10%) 2 (13.3%) 0 (0%)

Both 3 (15%) 3 (20%) 0 (0%)
Bleeding requiring transfusion 2 (10%) 1(6.7%) 1(20%) 0.20
Acute renal failure 3 (15%) 2 (13.3%) 1(20%) 0.73
New dialysis 1 (5%) 0 (0%) 1 (20%) 0.08

Data are shown as mean = standard deviation (median) or number (percentage). LVEF — left ventricular ejection fraction; RV FAC — right
ventricle fractional area change; TV — tricuspid valve; TR — tricuspid regurgitation; EROA — effective regurgitation orifice area; PP — pulmo-

nary pressure; PCWP — pulmonary capillary wedge pressure; Cl — cardiac index

more often there was evidence of ascites, peripher-
al edema, and pleural effusion, even though not all
parameters reached significance in this relatively
small patient group (Table 1). Conversely, patients
with failed and successful TTVI had comparable

scores on STS and EuroScore II, but most of the
aforementioned parameters are not included in
these standardized scores, and neither are those
validated for single TV procedures. Interestingly,
we found no differences regarding invasive hemo-
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Figure 1. A. Tricuspid regurgitation grade pre- and post-tricuspid valve intervention in the total patient population
(n = 20); One patient died before discharge and another patient died within 30 days; B. Tricuspid regurgitation grade
pre- and post-tricuspid valve intervention in patients with successful transcatheter tricuspid valve intervention at
baseline (n = 15); One patient died before discharge and another patient died within 30 days.
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Figure 2. Numbers of clips implanted per patient (left) and leaflet location of implanted clips (right).

dynamics and procedural aspects, as well as RV
function (Table 2). There were no differences in
conventional echocardiographic parameters for
TR severity (vena contracta, EROA, TR grade,
TR volume; Table 2). However, echocardiographic
parameters describing tricuspid annulus geometry
(TV annulus, coaptation depth, tenting area) were
significantly larger in patients with failed TTVI
(Table 2).

Clinical outcome at 30-day follow-up
The NYHA class improved significantly be-
tween baseline and 30-day follow-up, as outlined

in Table 3 and Figure 3. At 30-day follow-up,
SLDA with worsening of TR was observed in
2 more patients, and 1 patient died due to worsen-
ing HE. Thus, the overall 30-day overall success
rate was 60% (n = 12) and 30-day mortality was
10% (n = 2). However, the deaths in this cohort
were due to progressive and terminal HF despite
TTVI rather than due to TTVI. Comparing pa-
tients at 30-day follow-up (30-day success, n = 12
vs. 30-day failure, n = 8), we still observed no
differences in conventional echocardiographic
parameters as mentioned above. In line with the
reported acute success data, tricuspid annulus ge-
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Table 3. Outcome parameters at discharge and 30-day follow-up in the overall patient population and
comparing patients with acute clinical and procedural success versus acute failure.

All patients Acute success Acute failure P
(n = 20) (n = 15) (n = 5)
TR grade at discharge 2.5 + 0.96 (2.0) 2.1 £ 0.5 (2.0) 4.0 = 0.8 (4.0) < 0.001
TR grade at 30-day follow-up 2.8 =+ 0.8 (2.5) 2.4 =+ 0.4 (2.5) 4.0 = 0.8 (4.0) < 0.001
In-hospital mortality 1(5%) 0 (0%) 1(20%) 0.99
30-day mortality 2 (10%) 1(6.7%) 1(20%) 0.42
Total hospital stay [days] 12.4 = 7.5 (8.5) 11.5 £ 6.5 (9) 15.0 = 10.1 (8) 0.37
ICU stay [days] 3.6 = 3.9 (2.5) 3.6 £4.5(2) 3.4 + 1.8 (4) 0.90
SLDA 3 (15%) 2 (13.3%) 1(20%) N/A
Time to SLDA [days] 26 = 19.1 (37) 37.0 = 0.0 (37) 4 N/A

Data are shown as mean * standard deviation (median) or number (percentage); TR — tricuspid regurgitation; ICU — intensive care unit;

SLDA — single leaflet device attachment
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Figure 3. New York Heart Association (NYHA) class at
baseline and 30-day follow-up in the total patient popu-
lation (n = 20); Two patients died within 30 days.

ometry parameters remained larger in the 30-day
failure group (tentingarea2.0 + 0.8 vs.2.9 = 1.1cm?,
p = 0.057; coaptation depth 6.1 * 2.4 vs. 9.5 =
+ 3.3,p = 0.016; TV annulus 44.6 = 4.5vs.46.8 =
+7.1,p = 0.412). Of note, in all patients (n = 3) with
a transvalvular implanted lead (cardiac implantable
electronic devices [CIED]) TTVI failed at 30-day
follow-up (p = 0.02).

Discussion

In this prospective cohort study, we analyzed
clinical, procedural, and echocardiographic data
on outcomes after TTVI using the edge-to-edge
technique. With high initial implantation success

(85%) and low in-hospital mortality rate (5%), this
procedure is a promising alternative to surgical TV
repair or replacement. While our observed 30-day
success rate was 60% lower than that reported by
other investigators (e.g. 86% in TRILUMINATE
and TriValve, 81% by Besler et al. [24]), patient
selection seems to play a pivotal role because
we included patients with advanced (right-sided)
HF [7, 24-26]. The high TRuE risk score of > 6
in our cohort underlines this disease stage and
a patient population at high risk [23].

The optimal timing for surgical or transcath-
eter TV repair remains unclear. RV and tricuspid
annular remodeling progress with advanced TR
stages and RV failure. Therefore, early TV inter-
vention during TR disease progression using the
edge-to-edge technique has been suggested to
reverse RV remodeling and failure. Echocardio-
graphic grading of TR severity is complicated and
requires extensive operator training due to the
complexity of the TV apparatus and its challenging
anatomy. Interestingly, we found no differences in
“conventional” echocardiographic parameters for
TR severity (vena contracta, EROA, TR grade,
TR volume) with respect to short-term success.
Recently, more sophisticated approaches involving
qualitative, quantitative, and semi-quantitative
criteria have been proposed. These data require
further verification regarding their predictive
power [7].

Moreover, identification of the main patho-
genic mechanism for TR might have prognostic
implications [7]. A decade ago, Min et al. [27]
demonstrated that the antero-posterior annulus
diameter and tenting volume before tricuspid an-
nuloplasty were independent predictors of residual
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TR after surgical correction. Our data underline
this observation. We show differences in tricuspid
annulus geometry expressed as TV annulus diam-
eter, coaptation depth, and tenting area, which were
all significantly larger in the patients with failed
percutaneous edge-to-edge repair of TV. However
geometric changes of the TV apparatus seem to be
an indicator of severity of TR. Therefore, coapta-
tion enhancement strategies like the edge-to-edge
technique might be a feasible approach during
mid-stage TR disease. Conversely, advanced TR
disease is characterized by progressive annular
dilatation, RV remodeling, and leaflet tethering,
which then result in geometric abnormalities of the
TV apparatus. In light of this, combined approaches
with additional annuloplasty or TV replacement
strategies might be the preferable treatment op-
tion for later stages of TR. On the other hand,
there might be “a point of no return” during TR
disease progression, reflecting the underlying left
and/or right HE. As we know from the published
trials COAPT and MITRA-FR for percutaneous
treatment of functional mitral regurgitation, valve
regurgitation needs also to be graded and judged
with respect to atrial and ventricular dimensions
and function [28, 29].

In our patient cohort, TTVI failed in most pa-
tients with the main jet located non-centrally and
non-anteroseptally (success rate 25%, 1 out of 4).
However, jet location can be verified as a predictor
for procedural outcome of the edge-to-edge repair
and is in agreement with previously published data
[22, 24]. Only 3 of our patients (15%) had a CIED,
compared to 26% in the TriValve registry. However,
all 3 CIED patients failed TTVI at 30-day follow-up,
which is contrary to the reported success rate of
78.6% in the TriValve cohort [30]. This difference in
outcome might be related to our sample size or pos-
sibly due to patient selection. The main jet location
in the TriValve registry was in the favorable central/
/anteroseptal location in CIED patients, which is
contrary to our CIED patients [30].

Comparing our patient data with those of
a previously published large cohort study on FTR,
there are distinct differences regarding the patient
population [13]. Contrary to Benfari et al. [13], our
cohort is of mixed nature regarding LV function
including both HFrEF and HF with preserved
ejection fraction patients. Moreover, we found
atrial fibrillation in all of our patients compared to
only 48% of the severe FTR patients in the Benfari
cohort. Atrial fibrillation is seen as a major con-
tributor to FTR and is strongly related to severe
FTR because it can lead to right atrium and thus

annulus dilation even in the absence of pulmonary
hypertension [31, 32]. However, because FTR is
related to a variety of cardiac dysfunction, detailed
classification of associated TR pathology, especially
for the group of functional TR, and studies on
therapeutic options with respect to the origin of
TR disease are needed. On the other hand, studies
on surgical TR repair could show that survival is
not affected by the cause of TR but rather by HF
stage and comorbidities [18].

Some studies reported excess mortality for
FTR as a result of underlying pulmonary hyperten-
sion and/or right/left HF [33-35]. This concept has
been challenged in the past years, because several
studies could show that FTR is an independent
predictor for survival [13, 16, 17]. This calls not
only for a specific treatment of TR but also for an
effort on early identification of FTR patients; in
particular, if other cardiac pathologies such as atrial
fibrillation are present with the resulting need for
close clinical monitoring.

Limitations of the study

This is an observational, prospective cohort
study reporting a single-center experience with
a small sample size and multiple comparisons. Thus,
patient bias and significances appearing by chance
cannot be excluded completely. The findings of our
study have to be judged as hypothesis-generating
and should be verified by further studies. However,
the overall available patient population for isolated
TV procedures is limited. In other studies, such as
the recently published Triluminate registry, an aver-
age of only 4 patients per study site was included
during a comparable time period [25].

Conclusions

Our data suggest the significance of tricuspid
annulus geometry, which seems to impact short-
-term outcomes after percutaneous edge-to-edge
repair of TR. Further investigations and possibly
more sophisticated interventional approaches in-
volving the tricuspid annulus are needed to better
understand and treat this complex valve disease.
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Abstract

Background: Mechanical complications represent an important cause of mortality in myocardial
wnfarction (MI) patients. This is a nationwide study performed to evaluate possible changes in epidemi-
ology or prognosis of these complications with current available strategies.

Methods: Information was obtained from the minimum basis data set of the Spanish National Health
System, including all hospitalizations for acute myocardial infarction (AMI) from 2010 to 2015. Risk-
-standardized in-hospital mortality ratio was calculated using multilevel risk adjustment models.
Results: A total of 241,760 AMI episodes were analyzed, MI mechanical complications were observed
in 842 patients: cardiac tamponade in 587, ventricular septal rupture in 126, and mitral regurgitation
due to papillary muscle or chordae tendineae rupture in 155 (there was morve than one complication in
21 patients). In-hospital mortality was 59.5%. On multivariate adjustment, variables with significant
impact on in-hospital mortality were: age (OR 1.06; 95% CI 1.04-1.07; p < 0.001), ST-segment eleva-
tion AMI (OR 2.91; 95% CI 1.88-4.5; p < 0.001), cardiogenic shock (OR 2.35; 95% CI 1.66-3.32;
p < 0.001), cardio-respiratory failure (OR 3.48; 95% CI 2.37-5.09; p < 0.001), and chronic obstructive
pulmonary disease (OR 1.85; 95% CI 1.07-3.20; p < 0.001). No significant trends in risk-adjusted
wn-hospital mortality were detected (IRR 0.997; p = 0.109). Cardiac intensive care unit availability
and more experience with mechanical complications management were associated with lower adjusted
mortality rates (56.7 = 5.8 vs. 60.1 + 4.5; and 57 + 6.1 vs. 59.9 * 5.6, respectively; p < 0.001).
Conclusions: Mechanical complications occur in 3.5 per thousand AMI, with no significant trends to
better survival over the past few years. Advanced age, cardiogenic shock and cardio-respiratory failure
are the most important risk factors for in-hospital mortality. Higher experience and specialized cardiac
intensive care units are associated with better outcomes. (Cardiol ] 2021; 28, 4: 589-597)
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Introduction

Myocardial infarction-related mechanical
complications (MI-MC) are uncommon but are
frequently associated with severe morbidity and
mortality. Presentation can vary from sudden car-
diac death, typically related to pulseless electrical
activity due to tamponade in free wall rupture, to
asymptomatic tachycardia, with a new low-sternal
murmur in some patients.

Data from different studies suggest that rep-
erfusion therapy reduces the incidence of MI-MC
when successful and performed in a timely manner
[1, 2], but MI-MC still carry a very poor prognosis,
despite important advancements in mechanical
circulatory support [3-7]. The dismal outcomes
of conservative therapy [8], leave surgical correc-
tion as a practically inevitable option with results
depending on the clinical scenario, experience and
appropriate timing [8-11]. Percutaneous closure of
septal defects is a possible alternative to surgery,
but are usually reserved for patients considered too
ill to be operated on and with experience limited
to a small number of centers and operators [12].

The past few years have witnessed a con-
siderable growth of new imaging modalities and
adjunctive therapies for the pre and postoperative
support of MI-MC [3, 5, 6, 13-15]. However, most
studies are limited to single-center experiences
and by relatively small sample sizes. In addition,
hospital characteristics may have an impact in the
outcomes of patients with MI [16]. Accordingly, we
performed a large nationwide retrospective study
to analyze contemporary epidemiology of MI-MC,
specifically examining recent trends in prevalence
and to provide new insight into the impact of cur-
rently available supportive and corrective treat-
ments on in-hospital mortality.

Methods

Data source, population and design

The present study is a retrospective longi-
tudinal study using information provided by the
minimum basis data set (MBDS) of the Spanish
National Health System (SNHS). The MBDS is
an administrative, anonymized database, with
no information available linking variables to in-
dividual patients. Thus, no specific institutional
review board authorization or patient informed
consent documents were necessary [17]. All epi-
sodes with a principal discharge diagnosis of acute
myocardial infarction (AMI) from January 2010 to
December 2015 were included. The diagnosis of

AMI was identified by international classification
of diseases-9" Revision Clinical modification (ICD-
-9-CM) codes 410.*%1 (410.71 for non-ST elevation
AMI-NSTEMI-), MI-MC were identified by ICD-
-9-CM secondary codes 423.3 (cardiac tamponade),
429.71 (ventricular septal defect, acquired), 429.6
(rupture of papillary muscle), and 429.5 (rupture of
chordae tendineae). Cardiac tamponade associated
with cardiac surgery (codes 996.03, 996.70-79) or
coronary interventions (998.2) were excluded.

Patients discharged alive at home within 1 day
after admission, or with missing important demo-
graphics or principal diagnoses were excluded. To
avoid duplications, transfers to other centers were
only excluded if we were unable to identify the
destination hospital. Secondary diagnoses were
included in groups of risk factors as described by
Pope et al. [18], updated each year by the Agency
for Health Research and Quality. The quality of this
MBDS for the study of acute coronary syndromes
has been previously validated [19].

Hospital characteristics

Hospitals were qualified as having cardiac
intensive care units (cICU) if they had: 1) a compre-
hensive critically-ill patient management capabil-
ity, including those requiring invasive mechanical
ventilation, and 2) administrative adscription of the
cICU to the cardiology department.

Statistical analysis

Continuous variables were expressed as
a mean (standard deviation) and categorical vari-
ables were expressed as numbers and rates. The
Student t-test was used to compare two categories
and ANOVA corrected by the Bonferroni test to
compare three or more. Categorical variables were
compared by the y° test or Fisher’s exact test.

Since the probability of a patient dying is, in-
deed, a combination of their individual risk factors
(case mix) and the quality of care provided (perfor-
mance), the risk-standardized in-hospital mortality
ratio (RSMR) was defined as the ratio between
predicted and expected mortality, multiplied by the
crude rate of mortality. RSMR was calculated using
multilevel logistic regression models developed
by the Medicare and Medicaid Service for risk
adjustment, adapted to the structure of the MBDS
database. Hospitals were modelled as random in-
tercept considering both inter-hospital variability
and clinical and demographic variables [20-22].
For the adjustment model, we considered only
comorbidities with an odds ratio (OR) > 1.0. The
type of AMI (non-ST-segment elevation myocardial
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Figure 1. Flow chart of study population; SNHS — Spanish National Health System; AMI — acute myocardial
infarction; STEMI — ST-segment elevation myocardial infarction; NSTEMI — non-ST-segment elevation myocar-
dial infarction; MI-MC — myocardial infarction related mechanical complication; VSR — ventricular septal repture;

PM-CTR — papillary muscle or chordae tendinae rupture; CT — cardiac tamponade.

infarction [NSTEMI] vs. ST-segment elevation
myocardial infarction [STEMI]) was included in
the adjustment models. All factors included in the
final models and their coefficients were calculated
from the present data. Levels of significance for
selecting and eliminating risk factors were p < 0.05
and p > 0.10, respectively.

Calibration of models was assessed by calculat-
ing risk terciles of the in-hospital mortality observed
and expected obtained by the logistic multilevel
model. In order to evaluate the goodness of fit,
a significant decrease in the statistical likelihood
ratio test compared to the null model was tested.
Discrimination was assessed by calculating the
receiver operating characteristics curves and their
corresponding area under the curve (AUROC).

Temporal trends for in-hospital mortality dur-
ing the observed period were modelled using the
Poisson regression analysis with year as the only
independent variable. Incidence rate ratios (IRR)
and their 95% confidence intervals (95% CI) were
calculated. All statistical tests were two-sided.
and the level of significance for p-values was set
at 0.05. Statistical analysis was performed using
STATA 13 and SPSS 21.0.

To discriminate between high and low volume
centres a K means clustering algorithm was used,

excluding hospitals with < 1 cases of MC admis-
sions in the study period. The mathematical model
was developed with two-thirds of the dataset and
validated with the remaining one third.

Results

Prevalence of MI-MC

Atotal 277,717 episodes of MI were identified
in the MBDS during the study period (2010-2015).
Figure 1 depicts the study flow-chart. A total of
13% of AMI episodes were excluded, the major-
ity of which (10.6%) for being discharged to other
unidentified hospitals (Suppl. Table 1). From the
241,760 AMI selected for analysis, MI-MC were
present in 842 patients (3.5 per thousand), and
25 patients had more than one MI-MC, resulting in
a total number of mechanical complications of 863.
Cardiac tamponade unrelated to cardiac procedures
was present in 67.4% of MI-MC cases (n = 863). A ven-
tricular septal defect was detected in 14.6% and
mitral regurgitation in 17.9% (rupture of papillary
muscle in 9.6% and rupture of chordae tendineae in
8.3%). MI-MC incidence rate was higher in STEMI
than NSTEMI (4.8 vs. 1.5 per thousand; p = 0.002).

There was a statistically significant trend to an
increase of MI-MC throughout 2010-2015 (3.1 per
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Figure 2. Trends in rates of mechanical complications in ST-segment elevation myocardial infarction (STEMI) and

non-ST-segment elevation myocardial infarction (NSTEMI).

thousand AMI vs. 4.0 per thousand AMI; IRR 1.10;
95% CI11.07-1.13; p < 0.001) with higher rates be-
tween 2013-2015 related with a higher incidence of
MC in STEMI (Fig. 2). The trend towards MI-MC
increase was due to cardiac tamponade (IRR 1.1,
95% CI 1.04-1.14; p < 0.001), without significant
changes in the other groups.

Differences between AMI patients with or
without MI-MC are displayed in Table 1. MI-MC
patients were older (72.4 + 11 vs. 68.6 = 14;
p < 0.001), with a higher prevalence of female sex
(36.7% vs. 30.3%; p < 0.001), and higher rates
of cardiac failure, cardiogenic shock or cardio-
respiratory failure and renal failure.

Risk factors associated with any MI-MC were
older age, female sex, presentation with STEMI
instead of NSTEMI, presence of valvular heart
disease or chronic pulmonary disease and cardio-
genic shock (Suppl. Table 2). The clinical charac-
teristics associated with cardiac tamponade were:
older age, presentation with STEMI instead of
NSTEMI and cardiogenic shock (Suppl. Table 3).
Risk factors for ventricular septal rupture (VSR)
were: female sex (OR 1.86; 95% CI 1.29-2.67;
p < 0.001), prior MI (OR 1.63; 95% CI 1.12-2.36;
p = 0.01), history of congestive heart failure (OR
2.23; 95% CI11.53-3.26; p < 0.001), and presenta-
tion with STEMI (OR 6.29; 95%CI 3.03-13.07;
p < 0.001) and cardiogenic shock (HR 9.44; 95% CI
6.34-14.05; p < 0.001; Suppl. Table 4). Patients
with papillary muscle or chordae tendinae rupture
more frequently had a valvular heart disease,
presentation with STEMI and cardiogenic shock
(Suppl. Table 5).

592

Management of MI-MC

A percutaneous coronary intervention (PCI) was
performed in 55.7% of the patients with AMI-MC,
a significantly lower rate compared with AMI
without MI-MC (59.7%; p = 0.009). However, coro-
nary artery bypass graft surgery (CABG) proce-
dures were more frequent in MI-MC (11.3 vs. 1.8;
p < 0.001). Along the study period, there was
a higher trend to use of PCI (IRR 1.12; 95% CI
1.08-1.17; p < 0.001) and CABG (IRR 1.16; 95% CI
1.06-1.28; p = 0.002), but no significant changes in
trends for mitral valve replacement or other major
cardiac surgery (IRR 0.99; p = 0.13 and IRR 0.99;
p = 0.05; respectively; Suppl. Fig. 1).

In-hospital outcomes

In-hospital crude mortality rate in MI-MC pa-
tients was 59.5%, while mortality in patients with-
out MI-MC was 9.6% (p < 0.001). The in-hospital
mortality was 59.1% for cardiac tamponade (344
episodes), 66.7% for VSR (84 episodes), and 58.1%
for papillary muscle/chordae rupture (90 episodes:
63.9% for papillary muscle rupture and 51.4% for
rupture of chordae tendineae). The mortality was
81% when there were two MI-MC in the same AMI
episode (17 episodes). There were no significant
changes on in-hospital crude mortality rates during
the 2010-2015 period IRR 0.99; p = 0.7).

Table 2 shows the differences in risk factors
between each MI-MC. Congestive heart failure,
cardio-respiratory failure and shock, and renal
failure were more frequent in VSR and mitral
regurgitation-related complications, compared to
the cardiac tamponade scenario. NSTEMI was rela-
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Table 1. Differences between acute myocardial infarction (Ml) patients with and without mechanical

complications (MC).

Variables Ml without MC  MI with MC P
(n = 240,918) (n = 842)
Age [years] 68.6 = 14.0 72.4 + 111 < 0.001
Female sex 30.3% 36.7% < 0.001
Cardiovascular risk factors:
Smoking (ICD-9-CM code: V15.82) 40.1% 16.9% < 0.001
Hypertension (CC 95) 49.2% 43.6% < 0.001
Dyslipidemia (CC 25) 15.0% 9.5% < 0.001
Diabetes mellitus (CC 17-19. 123) 32.4% 23.0% < 0.001
Cardiovascular disease:
Peripheral artery disease* 7.2% 8.7% 0.135
Prior myocardial infarction (ICD-9-CM code: 410.01 y 410.11) 44.8% 29.5% < 0.001
History of PCI (ICD-9-CM code: V45.82 y 996.72) 12.0% 7.6% < 0.001
Congestive heart failure (CC 85) 22.6% 34.4% < 0.001
Valvular heart disease (CC 106-108) 71% 8.2% 0.251
Comorbidity:
Renal failure (CC 135-140) 15.8% 27.0% < 0.001
Chronic obstructive pulmonary disease (CC 111) 7.5% 9.7% 0.015
Metastatic cancer, acute leukemia and other severe cancers (CC 8-9) 1.2% 0.6% 0.118
Acute MI presentation:
STEMI (410.x1 except 410.71) 60.1% 83.7% < 0.001
Cardiogenic shock (ICD-9-CM code: 785.51) 4.5% 35.2% < 0.001
Cardio-respiratory failure and shock* (CC 84 except 785.51) 9.1% 29.0% < 0.001
Pneumonia (CC 114-116) 2.3% 4.6% < 0.001
Percutaneous coronary intervention 57.9% 55.7% 0.009
Coronary artery bypass graft surgery 1.8% 11.3% < 0.001

PCI — percutaneous coronary intervention; STEMI — ST-segment elevation myocardial infarction; CC — condition categories (Pope et al. [18])
*Peripheral artery disease (ICD-9-CM codes: 040.0. 440.0. 440.1. 440.20. 440.21. 440.22. 440.23. 440.24. 440.29. 440.30. 440.31. 440.32. 440.4.
441.00. 441.01. 441.01. 441.02. 441.03. 441.1. 441.2. 441.3. 441.4. 441.5. 441.6. 441.7. 441.9. 442.0. 442.1. 442.2. 442.3. 442.81. 442.82. 442.83.
442.84. 442.89. 442.9. 443.1. 443.21. 443.22. 443.23. 443.24. 443.29. 443.81. 443.82. 443.89. 443.9. 444.01. 444.09. 444.1. 444.21. 444.21.
444.22. 444.81. 444.89. 444.9. 445.01. 445.02. 445.81. 445.89. 447.1. 447.2. 447.3. 447.5. 447.6. 447.70. 447.71. 447.72. 447.73. 447.8. 447.9.

448.0. 557.0. 557.1. 5657.9. 593.81. 785.4)

tively more frequent in the subgroup with rupture
of papillary muscle or chordae tendineae.

In the multilevel risk adjustment model, sev-
eral variables were independently associated with
in-hospital mortality for AMI, including age, diabe-
tes mellitus, cerebrovascular disease and STEMI
presentation (Suppl. Table 6). Presentation of any
MI-MC was also a strong predictor of in-hospital
mortality (OR 9.16; 95% CI 7.65-10.99; p < 0.001).
Applying the AMI model to the population with MI-
-MC only four variables had a significant effect: age
(OR 1.06; 95% CI 1.04-1.07; p < 0.001), STEMI
instead of NSTEMI (OR 2.90; 95% CI 1.87-4.50;
p < 0.001), cardiogenic shock (OR 2.34; 95% CI
1.66-3.31; p < 0.001), and cardio-respiratory
failure (OR 3.48; 95% CI 2.4-5.01; p < 0.001)

(Table 3). This model showed a fair discriminative
ability (AUROC 0.78; 95% CI 0.75-0.80) and good
calibration (p < 0.001). PCI and cardiac surgery
were independent risk-protective procedures for
in-hospital mortality in MI-MC (OR 0.37; 95%
CI 0.27-0.50; p < 0.001 and OR 0.43; 95% CI
0.30-0.62; p < 0.001, respectively).

In-hospital mortality risk-adjustment models
for each MI-MC showed significant differences in
risk factors and their weight (Table 4). However,
in all of them, cardiogenic shock and/or cardio-
respiratory failure were strong predictors of in-
hospital mortality. Age was an independent risk
factor only in VSR.

Risk-standardized in-hospital mortality ratio
for MI-MC patients estimated with this model was

www . cardiologyjournal.org 593



Cardiology Journal 2021, Vol. 28, No. 4

Table 2. Differences among types of mechanical complications, baseline characteristics and comorbidities.

Variables Cardiac  Ventricular Papillary Two MC
tamponade septal muscle/chordae
rupture tendinae rupture
N 582 126 155 21
Age [years] 71.78 £ 10.9 73.8 = 10.0 73.0 = 12.3 75.5 + 12.9*%
Female sex 35.2% 46.0% 34.19% 33.3%
Cardiovascular risk factors:
Smoking (ICD-9-CM code: V15.82) 10.1% 4.8% 10.3% 4.8%
Hypertension (CC 95) 44.5% 43.7% 38.1%* 28.6%
Dyslipidemia (CC 25) 30.2% 27.0% 27.7%* 23.8%
Diabetes mellitus (CC 17-19. 123) 24.4% 24.6% 16.8%* 23.8%
Cardiovascular disease:
Peripheral artery disease 9.1% 9.5% 5.8% 4.8%
Prior myocardial infarction 34.5% 49.2%* 14.2%* 33.35
(ICD-9-CM code: 410.01 y 410.11)
History of PCI (ICD-9-CM code: V45.82 y 996.72) 7.6% 7.9% 6.5%* 0.0%
Congestive heart failure (CC 85) 26.3%* 47.6%* 54.8%* 38.1%
Comorbidity:
Renal failure (CC 135-140) 22.2%* 41.3% 32.3%* 19.1%
Chronic obstructive pulmonary disease (CC 111) 10.5% 10.3% 5.8% 4.8%
Metastatic cancer, acute leukemia and other 0.7% 0.0% 0.7% 0.0%
severe cancers (CC 8-9)
Dementia or other specified brain disorders 2.6% 4.8% 4.5% 4.8%
(CC 51-53)
Trauma, other injuries (CC 166-168. 170-174) 16.5%* 15.1% 6.5% 4.8%
Acute myocardial infarction presentation
NSTEMI (410.71) 17.7% 6.4%* 20.0%* 0.0%*
Cardiogenic shock (ICD-9-CM code: 785.51) 30.2%* 47.6%* 45.2%* 47.6%
Cardio-respiratory failure (CC 84 except 785.51) 28.7% 24.65 35.5%* 42.9%
Pneumonia (CC 114-116) 5.0% 2.4% 4.5% 0.0%

*p < 0.01; MC — mechanical complications; PCl — percutaneous coronary intervention; NSTEMI — non ST-segment elevation myocardial

infarction; CC — condition categories (Pope et al. [18])

58.5% for the whole period 2010-2015, without
significant changes along the studied period (IRR
0.997; 95% CI 0.993-1; p = 0.10), while RSMR
trend for MI without MC showed a steady decrease
(IRR 0.97; 95% CI 0.96-0.98; p < 0.001; Suppl.
Fig. 2).

Hospital characteristics and impact
of availability of cICU

The availability of cICU was associated with
a lower RSMR (56.5 + 5.7 hospitals with cICU
vs. 60.2 + 5.7 without cICU; p < 0.001; OR 0.60;
95% CI 0.42-0.87; p = 0.007). An association was
also found between higher experience in MI-MC
management (11 or more MC during the study
period) and lower RSMR (57 + 6.1 vs. 59.9 £ 5.6;
p < 0.001).

594

Discussion

The present study represents one of the larg-
est series of patients with MI-MC. The main find-
ings are: 1) the rates of MI-MC are 3.5 per thousand
MI, similar to other contemporary series and with
a small increase in the past few years [23, 24];
2) the most frequent MI-MC is cardiac tamponade
(2.4 per thousand), most likely related to free wall
rupture, as PCI or CABG-related tamponade were
excluded from this analysis, followed by mitral
valve complications and VSR; 3) despite applica-
tion of current adjunctive and corrective therapies,
in-hospital mortality rates are still very high, vary-
ing from 59.1% and 58.1% in cardiac tamponade
and papillary muscle/chordae tendineae rupture,
respectively, to 63.9% in VSR; 4) age, heart failure
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Table 3. Multivariate analysis for in-hospital mortality of patients with acute myocardial infarction with

mechanical complications.

Risk factor Odds ratio 95% CI P
Age (18-44 years):
45-54 1.57 0.19-3.81 0.829
55-64 1.04 0.17-3.05 0.657
65-74 1.77 0.25-4.25 0.964
75-84 3.68 0.59-9.92 0.219
85-94 8.19 1.24-24.54 0.025
> 95 19.94 0.00-0.00 0.981
STEMI (410.*1 except 410.71) 2.91 1.94-4.49 < 0.001
Cardiogenic shock (ICD-9-CM code: 785.51) 2.35 1.83-3.62 < 0.001
Cardio-respiratory failure (%) (CC 84 except 785.51) 3.48 2.10-4.37 < 0.001
Chronic obstructive pulmonary disease (CC 111) 1.85 1.07-3.19 0.027
Percutaneous coronary intervention* 0.37 0.27-0.50 < 0.001
Other major surgery* 0.43 0.30-0.62 < 0.001

*Effect of the interventions on the risk-adjustment basal model; Cl — confidence interval; NSTEMI — non-ST-segment elevation myocardial

infarction; CC — condition categories (Pope et al. [18])

Table 4. Variables independently associated with in-hospital, all-cause mortality adjusted by risk in
a multilevel logistic regression model for different mechanical complications.

Risk factor

STEMI (410.*%1, except 410.71)
Cardiogenic shock (ICD-9-CM code: 785.51)

Cardio-respiratory failure and shock (CC 84 except 785.51)

Acute myocardial infarction (CC 86)

CT VSR PM/CT rupture

OR 95%ClI OR 95%ClI OR 95%CI
2.43 1.52-4.00

9.97 3.35-29.69 4.68 1.89-11.62

3.09 2.01-4.73 3.35 1.38-8.11
2.18 1.18-4.05

CT — cardiac tamponade; VSR — ventricular septal rupture; PM/CT — papillary muscle or chordae tendineae rupture; OR — odds ratio; Cl —
confidence interval; STEMI — ST-elevation myocardial infarction; CC — condition category (Pope et al. [18])

and cardiogenic shock are strong predictors of in-
hospital mortality; 5) hospitals with specialized
cardiac critical care units, managed by Cardiology
Departments, present better results.

The current results differ from a large database
in the United States, in which MI-MC occurred in
0.27% of all STEMI patients, and 0.06% in NSTEMI,
with a lower presence of free-wall rupture, (0.01%,
compared to 0.21% for ventricular septal defects
and 0.05% for papillary muscle rupture) [24]. Im-
portantly, the study by Elbadawi et al. [24] used the
ICD-9 code 553.9 for “free-wall rupture”. This code
matches with “hernia of unspecified site without
mention of obstruction or gangrene” and is not
used in the Spanish MBDS for the description of
post-MI free-wall rupture. Despite the important
limitation of including tamponade as a clinical cor-
relate of free-wall rupture, the present estimations

are more in accordance with our clinical experience
and other reports [1]. However, the two databases
provide similar results regarding a relatively stable
prevalence of MI-MC over the past few years and
the steady high mortality rates.

Therapeutic options for MI-MC apparently do
not impact survival, despite advances in peripheral
mechanical circulatory support and various corrective
techniques [1, 11, 15, 24]. Surgical techniques for
the repair of the infarcted tissue of ventricular septal
defects have been stable over the past decades and
the relatively low prevalence has limited surgeons’
experience to a small number of cases per year,
even in high-volume centres. Percutaneous closure
of ventricular septal defects appears feasible, but
greatly challenged by the anatomical complexity of
the defects and carries a high risk of recurrences due
to the friable borders of the infarcted septum [12].
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Unfortunately, the possible contribution of
mechanical support manoeuvres, especially veno-
arterial extracorporeal membrane oxygenation
(VA-ECMO) or percutaneous VSR repair could
not be addressed in this study due to difficulties
with non-uniform codification within the MDBS.
Advanced age, cardio-respiratory failure and cardio-
genic shock were the main independent predictors
of total mortality in this study.

Current guidelines recommend centralizing
the care of patients with cardiogenic shock in
highly specialized centres [25], since this approach
has been consistently associated with better out-
comes in this clinical setting [26]. In this study,
the availability of an cICU and higher experience
in the management of these patients were both
associated with higher survival rates, probably
reflecting the effect of specialized training and
expertise in the diagnosis and management of MI
with complications.

Limitations of the study

This study has a number of limitations that
have to be considered. First, this is a retrospec-
tive analysis. The use of administrative records
to estimate outcomes has been widely applied
to research on health service outcomes [27, 28].
Second, 10.6% of episodes were not included in
the study population for being discharged to other
acute general hospitals. This elimination process
was necessary to avoid duplications and because in-
hospital outcomes for these patients were not avail-
able. Third, as mentioned, the diagnosis of free wall
rupture is not clearly specified in ICD-9 codes and
therefore cardiac tamponade was used as probably
infarct-related, after excluding those clearly caused
by invasive procedures. We believe this variable
served as a correlate of free-wall rupture, but it is
not a substitute for autopsy or surgically-proven
rupture, because another cause could be episteno-
cardic or inflammatory pericarditis. However, the
mortality rates observed in this study (59.1%) are
not typical of post-infarction pericarditis. In addi-
tion, a certain degree of misdiagnosis could not
be excluded, as some patients may present with
sudden death or electromechanical dissociation
without imaging or autopsy confirmation of cardiac
tamponade. With respect to the adjustment models,
there are confounding factors that are impossible
to identify, but may have a significant impact. The
presence of cardio-respiratory failure and shock is
under-estimated in MBDS. The secondary diagno-
ses employed as risk-adjustment variables may cor-
respond to conditions that are present on admission

or to complications that may occasionally reflect in-
adequate treatment. Nevertheless, the models used
in this study compare favourably against models
published elsewhere regarding predictive capacity
[29]. Finally, limited information on detailed clini-
cal characteristics such as time between beginning
of symptoms and primary PCI and between culprit
vessel revascularization and diagnosis of MI-MC
precluded more detailed analysis of predictors of
different complications and outcomes.

Future perspectives

Much work needs to be done in reducing mor-
tality in this complex scenario. There is an urgent
need to explore the role of different circulatory sup-
port modalities, especially in VSR, and the impact
of emerging interventional techniques, ideally in
a prospective, randomized design.

Conclusions

Myocardial infarction-mechanical complica-
tions occur in 3.5 per thousand MIs and are more
typically related to STEMI, with a slight increase
in prevalence over the past years. Cardiac tampon-
ade is the most frequent presentation, accounting
for 69% of all MI-MC. These conditions still carry
a very high mortality risk, that has not been
changing over the past few years. Advanced age
and cardiogenic shock are the most important
risk factors for in-hospital mortality. Availabil-
ity of highly specialised and experienced CICU
favourably impact in-hospital outcomes in this
complex scenario.
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Abstract

Background: There are no well-established predictors of recurrent ischemic covonary events after
an acute coronary syndrome (ACS). Higher levels of homocysteine have been reported to be associated
with an increased atherosclerotic burden. The primary endpoint was to assess the relationship between
homocysteine at discharge and very long-term recurrent myocardial infarction (MI).

Methods: 1306 consecutive patients with ACS were evaluated (862 with non-ST-segment elevation
ACS [NSTEACS] and 444 with ST-segment elevation myocardial infarction [STEMI]) discharged
from October 2000 to June 2003 in a single teaching-center. The relationship between homocysteine at
discharge and recurrent MI was evaluated through bivariate negative binomial regression accounting
for mortality as a competitive event.

Results: The mean age was 66.8 + 12.4 years, 69.1% were men, and 32.2% showed prior diabetes
mellitus. Most of the patients were admitted for an NSTEACS (66.0%). The median (interquartile
range) GRACE risk score, Charlson comorbidity index, and homocysteine were 144 (122-175) points,
1 (1-2) points, and 11.9 (9.3-15.6) wmol/L, respectively. In-hospital revascularization was performed
n 26.3% of patients. At a median follow-up of 9.7 (4.5-15.1) years, 709 (54.3%) deaths were registered
and 779 recurrent MI in 478 (36.6%) patients. The rates of recurrent MI were higher in patients in
the upper homocysteine quartiles (p < 0.001). After a multivariate adjustment, homocysteine along its
continuum remained almost linearly associated with a higher visk of vecurrent MI (p = 0.001) and
all-cause mortality (p < 0.001).

Conclusions: In patients with ACS, higher homocysteine levels identified those at a higher risk of
recurrent MI at very long-term follow-up. (Cardiol J 2021; 28, 4: 598-606)

Key words: homocysteine, acute coronary syndrome, recurrent myocardial infarction,
coronary artery disease, risk factors
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Introduction

Ischemic heart disease (IHD) remains the
leading cause of death worldwide, despite advances
in prevention, diagnosis, and treatment [1]. Identi-
fying those at a higher risk of new cardiovascular
ischemic events is essential for tailoring monitor-
ing and therapeutics. Unfortunately, there are not
well established biomarkers for predicting the risk
of long-term recurrent myocardial infarction (MI)
after an episode of acute coronary syndrome (ACS).

Mild elevations of homocysteine, a toxic
sulfhydryl-containing amino acid formed during
the demethylation of methionine, have been as-
sociated with an increased incidence of cardio-
vascular, cerebrovascular, or peripheral vascular
diseases [2-5]. Although the exact biological
pro-atherogenic effect of homocysteine remains
to be determined, multiple mechanisms have been
proposed. Among them, endothelial dysfunction,
direct effects on platelets, smooth muscle pro-
liferation, oxidative modification of low-density
lipoproteins, endothelial-leukocyte interactions,
and inhibition of fibrinolysis have been described
in vitro and in vivo studies [6-9]. However, some
studies failed to confirm the relationship between
higher homocysteine and adverse clinical events
[10, 11]. Most of these studies were performed in
a healthy population, with a median follow-up of up
to5years, and evaluated time to a first event [3, 8, 9].
According to available research, there is no data in
the literature endorsing the role of homocysteine
for predicting long-term recurrent MI in patients
with established IHD.

In this work, the aim was to evaluate whether
homocysteine was associated with total long-term
recurrent Ml in a historical cohort of patients with
ACS.

Methods

Population and protocol

A total of 1606 consecutive patients were
hospitalized in a single-teaching center with
a diagnosis of ACS from October 2000 to August
2003. None of these patients were transferred
from other hospitals due to unsatisfactory clinical
progress. Patients who died (n = 119) during the
index admission were excluded from this analysis.
Additionally, 181 patients without homocysteine
assessment were excluded. Finally, 1306 patients
comprised the final population for this analysis (862
with non-ST-segment elevation ACS [NSTEACS]
and 444 with ST-segment elevation MI [STEMI])

(see flow chart in Suppl. Fig. 1). The baseline
characteristics between those with and without
homocysteine assessment are shown in Supple-
mentary Table 1. ACS definition and treatment
were based on current guidelines operating at the
time of patient inclusion [12-14]. The Charlson
comorbidity index [15] and the Global Registry of
Acute Coronary Events (GRACE) score [16] were
determined in all patients.

For STEMI patients, fibrinolysis was the main
reperfusion strategy at the time of enrolment. It
was indicated in those presenting with ST-segment
elevation (greater than 0.1 mV in two or more con-
tiguous leads) or new left bundle branch block and
clinical history suggesting acute MI, and time to
therapy of 12 hours or less. Rescue percutaneous
coronary intervention was considered when the
pharmacological reperfusion strategy failed [13,
14]. In patients with NSTEACS, an initial non-
invasive strategy was applied. Cardiac catheteriza-
tion during the index hospitalization was indicated
in patients with persistent or recurrent episodes of
symptomatic ischemia with or without associated
electrocardiogram changes, and in those presenting
shock, severe pulmonary congestion, or continu-
ing hypotension [13, 14]. The treatment strategy
followed was established by current national and
international guides operating at the time of the
study [13, 14].

Written informed consent was obtained from
each patient included in the study. The study pro-
tocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki. The study protocol has
been priorly approved by the Institution’s ethics
committee on research on humans.

Blood samples

Plasma total homocysteine at discharge, which
includes the sum of protein-bound and free homo-
cysteine, was measured by immunoassay of po-
larization of fluorescence (Axsym system, Abbott).
The coefficients of variation within and between
days for the analysis were < 5%.

Outcome definition and follow-up

Recurrent spontaneous MI was selected as
the primary endpoint, whereas all-cause mortality
was considered as a secondary endpoint. Patient
clinical status and endpoint ascertainment were
routinely evaluated by trained cardiologists during
ambulatory clinic visits or through a review of the
hospital or outpatient national electronic medical
records. Only spontaneous MI was selected as an
endpoint. Spontaneous MI was defined as an eleva-
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tion of myocardial markers (troponin I or creatine
kinase-MB mass) associated with chest pain or
compatible symptoms or ST-segment deviation
[12]. Personnel in charge of events adjudication
were blinded to the clinical data and exposures.

Statistical analysis

Continuous variables were expressed as mean
+ standard deviation (SD) or median (interquartile
range [IQR]) when appropriate. Differences among
homocysteine quartiles were tested with the
ANOVA or Kruskal-Wallis rank test, respectively.
Discrete variables were presented as percentages
and compared with the y” test.

Time to death and first MI (adjusting for death
as a competing event) across quartiles of homo-
cysteine were plotted with the Kaplan-Meier and
cumulative incidence function plots. Differences
among the quartiles were tested with the log-rank
test and Gray’s test, respectively. The primary
endpoint (recurrent MI) was evaluated by deter-
mining the incidence rate ratio (IRR), which is
a risk estimate used for this type of method. To
that end, a negative binomial regression was used
to assess the association between homocysteine
and the number of total recurrent MI during the
entire follow-up. Because an increase of MI is
most likely associated with an increased risk of
subsequent death, it has been suggested that
any analysis of recurrent admissions should also
account for death as a competitive and terminal
event. Thus, coefficients from this method were
estimated by accounting for the positive correla-
tion among the recurrent outcome and death as
a terminal event, by linking the two simultaneous
equations (rehospitalization count and death) with
shared frailty [17]. Thus, within the same model,
we obtain estimates of risk for both endpoints.
Covariate selection was performed based on pre-
vious medical knowledge. The multivariable frac-
tional polynomial method was used to determine
the appropriate functional form of continuous
covariates [18]. The covariates included in the
final predictive model for both endpoints were:
gender, type of ACS (NSTEACS vs. STEMI),
GRACE risk score, Charlson comorbidity index,
and revascularization during the index hospital-
ization.

A two-sided p-value of < 0.05 was set as the
threshold for statistical significance. All analyses
were performed with Stata 15.1 (Stata Statistical
Software, Release 15 [2017]; StataCorp LP, College
Station, TX, USA).

Results

The mean age of the patients was 66.8 = 12.4
years. Most of the patients were admitted for an
NSTEACS (66.0%) and showed troponin elevation
(69.5%). The proportion of males was 69.1%, 32.2%
showed prior diabetes mellitus, 19.4% exhibited
Killip class > I and 26.3% were revascularized
during the index hospitalization. The median (IQR)
GRACE risk score, Charlson comorbidity index, and
homocysteine were 144 (122-175) points, 1 (1-2)
points, and 11.9 (9.3-15.6) umol/L, respectively.

Baseline characteristics among
homocysteine quartiles

Baseline characteristics among homocysteine
quartiles are presented in Table 1. Patients in the
upper quartiles of homocysteine were older, more
frequently males, and more often showed a history
of hypertension, IHD, and Killip class > I during
the index hospitalization. Also, they exhibited
a higher GRACE score and the Charlson index.

Homocysteine and risk
of long-term recurrent MI

At a median follow-up of 9.7 (4.5-15.1) years,
709 (54.3%) deaths were registered and 779 re-
current MI in 478 (36.6%) patients (Fig. 1). The
number of recurrent MIs per patient were 1, 2, 3
and > 31in 299 (22.9%), 112 (8.6%), 37 (2.8%), and
32 (2.3%) patients, respectively. Patients in the
upper quartile of homocysteine showed the high-
est cumulative incidence rates of a first MI during
the entire follow-up (Fig. 2). Similarly, the rates of
total MI were also higher in patients in the upper
quartile (per 100-person-year): 4.1, 3.6, 3.8, and 7.3
for Q1, Q2, Q3, and Q4, respectively p < 0.001).
After a multivariate adjustment, including estab-
lished prognosticators and accounting for death as
a terminal event, homocysteine along its continuum
remained almost linearly associated with a higher
risk of recurrent MI (p = 0.001), as is presented
in Figure 3. When analyzed as quartiles, compared
to those in the lower quartile, only patients in the
upper quartile showed a significantly increased
risk of recurrent MI (IRR = 1.42, 95% confidence
interval [CI] 1.11-1.81, p = 0.005).

Subgroup analyses revealed a non-differential
effect across most representative subgroups such
as age (< 65 vs. > 65 years), gender, history of
diabetes, prior IHD, type of ACS (NSTEACS vs.
STEMI), and Charlson comorbidity index (above
vs. below median), as depicted in Supplementary
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Table 1. Baseline characteristics among homocysteine quartiles.

Variables Q1 Q2 Q3 Q4 P-value
(0.67-9.27 (9.28-11.92 (11.93-15.55 (15.60-92.3  for trend
Mumol/L) umol/L) umol/L) pumol/L)
(n = 326) (n = 327) (n = 327) (n = 326)
Demographics and medical history
Age [years] 62.1 = 12.7 65.5 = 11.0 66.8 = 12.2 73.0 = 11.0 < 0.001
Sex (male) 203 (62.3%) 230 (70.3%) 242 (74.0%) 228 (69.9%) 0.020
Hypertension 176 (54.0%) 206 (63.0%) 197 (60.2%) 225 (69.0%) < 0.001
Diabetes 116 (35.6%) 106 (32.4%) 101 (30.9%) 97 (29.7%) 0.100
Dyslipidemia 152 (46.6%) 139 (42.5%) 143 (43.7%) 122 (37.4%) 0.031
Smoker 121 (37.1%) 104 (31.8%) 111 (33.9%) 72 (20.1%) < 0.001
Prior smoker 70 (21.5%) 85 (26.0%) 99 (30.3%) 101 (31.0%) 0.003
Family history of IHD 45 (13.8%) 30 (9.2%) 24 (7.3%) 21 (6.4%) 0.001
Prior IHD 105 (32.2%) 112 (34.2%) 124 (37.9%) 157 (48.2%) < 0.001
Prior Ml 56 (17.2%) 69 (21.1%) 69 (21.1%) 91 (27.9%) 0.002
Previous PCI 21 (6.4%) 18 (5.5%) 19 (5.8%) 14 (4.3%) 0.677
Previous CABG 11 (3.4%) 18 (5.5%) 10 (3.1%) 18 (5.5%) 0.431
Charlson comorbidity index [points]® 1(1-2) 1(1-2) 1(1-2) 1.5 (1-2) < 0.001
ACS type: 0.210
STEMI 114 (35.0%) 116 (35.5%) 116 (35.5%) 98 (30.1%)
NSTEACS 212 (65.0%) 211 (64.5%) 211 (64.5%) 228 (69.9%)
Killip class > | 52 (15.9%) 46 (14.1%) 56 (17.1%) 99 (30.4%) < 0.001
GRACE score [points] 136 (110-165) 139 (118-170) 144 (124-173) 164 (136-196) < 0.001
Vital signs on admission
Heart rate [bpm] 85 + 19 83 + 19 84 + 17 87 + 22 0.073
SBP [mmHg] 145 + 26 144 + 24 147 + 24 145 + 26 0.542
Electrocardiogram and echocardiography
ST segment deviation 175 (53.7%) 167 (51.1%) 173 (52.9%) 150 (46.0%) 0.088
LVEF [%]° 60 + 13 59 + 12 58 + 13 56 = 14 0.002
Laboratory
Creatinine [mg/dL] 0.97 = 0.49 1.05 = 0.40 1.16 = 0.85 1.62 = 1.23 < 0.001
Total cholesterol [mg/dL]° 194 + 49 194 + 38 192 + 44 192 + 41 0.626
Troponin | elevation (> 1 ng/mL)® 215 (67.6%) 216 (67.5%) 220 (69.2%) 236 (75.5%) 0.092
Revascularization during admission
Coronary angiography 184 (56.4%) 162 (49.5%) 168 (51.4%) 121 (37.1%) < 0.001
Revascularization 105 (32.2%) 91 (27.8%) 87 (26.6%) 60 (18.4%) < 0.001

Continuous variables are expressed as mean (standard deviation) unless otherwise specified. *Values are expressed as median (interquartile
range); "Data available in 976 (74.7%) patients; “Data available in 1298 (99.4%) patients; “Data available in 1277 (97.8%) patients; ACS — acute
coronary syndrome; CABG — coronary artery by-pass graft; GRACE — Global Registry of Acute Coronary Events; IHD — ischemic heart dis-
ease; LVEF — left ventricle ejection fraction; Ml — myocardial infarction; NSTEACS — non-ST-segment elevation acute coronary syndrome;
PCl — percutaneous coronary intervention; SBP — systolic blood pressure; STEMI — ST-segment elevation acute myocardial infarction

Figures 2, 3a and 3b. A significant differential
association was found for the GRACE risk score
(above vs. below median: p-value for interaction:
0.003). This interaction revealed the magnitude of
the association between homocysteine and the risk
of recurrent MI was greater in those with GRACE
risk scores below the median (Suppl. Fig. 3c).

A sensitivity analysis, forcing treatments
at discharge (antiplatelets [dual treatment with
acetylsalicylic acid plus clopidogrel], renin—angio-
tensin—aldosterone inhibitors, beta-blockers, and
statins) and hemoglobin (as a potential confounder)
as covariates into the multivariate analysis, showed
that homocysteine remained positively associated
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Figure 2. Time to a first myocardial infarction among homocysteine quartiles.

with the risk of MI (p = 0.002). Indeed, under this
multivariate scenario, patients in the upper vs.

602

lowest quartile displayed a significant excess of
risk (IRR = 1.41, 95% CI 1.10-1.80, p = 0.006).
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Figure 3. Homocysteine and baseline hazard of recurrent reinfarction; IRR — incidence rate ratio.

Homocysteine and risk
of long-term mortality

During the follow-up, the incidence of death
(per 100-person-year) significantly increased
across homocysteine quartiles (3.7, 4.9, 5.7,
and 10.7 for Q1, Q2, Q3, and Q4, respectively;
p < 0.001). The Kaplan-Meier curves revealed
a stepwise and sustained separation of the curves
through the entire follow-up, especially for patients
belonging to the upper quartile (Fig. 4A). Multi-
variate analysis confirmed that higher homocyst-
eine during index admission was associated with
a higher risk of death (p < 0.001). This adjusted
association also revealed an almost linear gradient
of risk (Fig. 4B). When compared to patients in the
lower quartile, adjusted-risk estimates showed
a significative and stepwise increase of risk for
Q2 (1.25,95% CI1 0.95-1.63, p = 0.107), Q3 (1.41,
95% CI 1.08-1.84, p = 0.012), and Q4 (2.00, 95%
CI1.53-2.61, p < 0.001).

Discussion

This work evaluated the relationship between
homocysteine and recurrent MI and mortality at
very long-term follow-up in a historical cohort of
consecutive non-selected patients with an ACS.
The main finding herein, is that those patients
with higher homocysteine values, assessed during
hospitalization for an ACS, showed a higher risk of
recurrent MI and mortality. Both associations were
independent of traditional and relevant prognosti-

cators and potential confounders. These findings
support the role of homocysteine in the pathogen-
esis of new acute coronary events in patients with
coronary artery disease (CAD).

Homocysteine and atherosclerosis

Homocysteine, a sulfur-containing amino acid,
1s an intermediate product formed as a result of the
catabolism of methionine. It is known that severe
hyperhomocysteinemia (>100 umol/L) in patients
with homozygous homocystinuria is associated
with premature atherosclerosis [19]. Although
this is a very rare pathology, minor elevated levels
(15-30 umol/L) have been described in up to 7%
of the population [20].

The suggested mechanisms involved in homo-
cysteine-induced atherosclerosis include: a) endothe-
lial injury, which appears to be mediated by oxidative
stress [21]; b) smooth muscle proliferation [22];
¢) oxidative modification of low-density lipoproteins
[6, 23, 24]; d) endothelial-leukocyte interactions [25];
e) reduced fibrinolytic activity [9, 26], and f) direct ef-
fects on platelets [27]. However, the specific weight of
each of these mechanisms remains elusive, especially
because many observations have been obtained from
in vitro studies with homocysteine concentrations
much higher than found in humans [8].

Homocysteine and prognosis in CAD
Several epidemiological studies have de-

scribed a high prevalence of elevated plasma levels

of homocysteine in patients with CAD, stroke,
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Figure 4. Homocysteine and all-cause mortality; A. Time to all-cause mortality among homocysteine quartiles;
B. Baseline hazard of all-cause mortality; IRR — incidence rate ratio.

peripheral artery disease, and venous thrombosis
[2-5]. Prospective studies correlated serum homo-
cysteine levels to long-term outcomes in patients
with STEMI [28], NSTACS [3], and without pre-
vious CAD [29]. In a meta-analysis, Boushey et
al. [30] estimated that a 5-mmol/L homocysteine
increment elevates CAD risk by as much as choles-
terol increases of 0.5 mmol/L. However, other au-
thors failed to confirm this association [10, 11]. For
example, Ubbink et al. [11] showed no significant
increase in CAD in those with higher homocysteine

values in 2290 men in the Caerphilly cohort during
a 5-year follow-up. Also, some randomized clinical
trials, performed in subject with and without CAD,
have failed to demonstrate any benefit in terms of
reducing major cardiovascular events by lowering
the homocysteine levels with diet supplementation
with folic acid and B vitamins [31-33].

More recently, a higher risk of short-term
mortality and nonfatal ischemic events has been
reported in patients with NSTEACS [34] and STEMI
[35]. In these studies, the risk of new recurrent coro-
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nary ischemic events at long-term follow-up was not
addressed. Thus, this is the first study showing that
higher levels of homocysteine are related to a higher
risk of new coronary ischemic events.

Clinical implications

Reinfarction risk prediction in patients with
established CAD is still an unmet need. The utility
of homocysteine measurement after an index MI
is not well-established. According to the present
findings, higher levels of homocysteine may iden-
tify a subset of patients at a higher risk of new
coronary ischemic events. These patients may
probably benefit from a closer follow-up and more
aggressive treatment. Further studies are neces-
sary to confirm the present findings in cohorts
with more contemporary treatments, elucidate the
mechanisms behind these findings, and re-evaluate
the long-term effects of therapies for reducing
homocysteine in patients with prior ACS.

Strengths and limitations

The main strength of the present study is
the very-long follow-up, which allowed recording
a large number of repeated new ischemic coronary
events. Some important limitations need to be ad-
dressed: a) this is an observational single-center
study, which may influence the applicability of these
results to other populations; b) the generalization of
our findings to the current era is limited by the fact
that revascularization strategies and medical treat-
ment have substantially changed. In addition, given
the low proportion of patients that received coronary
artery bypass during the index admission, the po-
tential differential effect of type of revascularization
along the continuum of homocysteine could not be
evaluated; c) we did not assess the revascularization
procedures nor medical treatment changes during
the post-discharge follow-up, which may operate
as important confounders; d) finally, in this study
the longitudinal trajectory of homocysteine was not
measured, precluding to infer how its trajectory may
be associated with the risk of recurrent MI. Neverthe-
less, it has been reported that the occurrence of an
MI does not change homocysteine plasma levels [36].

Conclusions

In patients with ACS, higher homocysteine
levels identified those at a higher risk of recurrent
MI very long-term follow-up. The present study
results provide new evidence about the utility of
homocysteine as a potential risk predictor of new
coronary ischemic events. Further contemporary

studies are warranted to re-evaluate the applicabil-
ity of the present findings to more contemporary
cohorts and the role of homocysteine as a thera-
peutic target in this scenario.
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Abstract

The risk of ischemic events gradually decreases after acute coronary syndrome (ACS), reaching a stable
level after 1 month, while the risk of bleeding remains steady during the whole period of dual antiplatelet
treatment (DAPT). Several de-escalation strategies of antiplatelet treatment aiming to enhance safety of
DAPT without depriving it of its efficacy have been evaluated so far.

We hypothesized that reduction of the ticagrelor maintenance dose 1 month after ACS and its continua-
tion until 12 months after ACS may improve adherence to antiplatelet treatment due to better tolerability
compared with the standard dose of ticagrelor. Moreoves, improved safety of treatment and preserved
anti-ischemic benefit may also be expected with additional acetylsalicylic acid (ASA) withdrawal. To
evaluate these hypotheses, we designed the Evaluating Safety and Efficacy of Two Ticagrelor-based
De-escalation Antiplatelet Strategies in Acute Coronary Syndrome — a randomized clinical trial
(ELECTRA-SIRIO 2), to assess the influence of ticagrelor dose reduction with or without continuation
of ASA versus DAPT with standard dose ticagrelor in reducing clinically relevant bleeding and main-
taining anti-ischemic efficacy in ACS patients.

The study was designed as a phase III, randomized, multicenter;, double-blind, investigator-initiated
clinical study with a 12-month follow-up (ClinicalTrials.gov Identifier: NCT04718025; EudraCT
number: 2020-005130-15). (Cardiol ] 2021; 28, 4: 607-614)

Key words: acute coronary syndrome, ticagrelor, antiplatelet therapy, de-escalation,
ELECTRA-SIRIO 2

Introduction reactivity during this period. The risk of major

adverse cardiovascular events (MACE), including

Elevated rates of ischemic events cluster- cardiovascular death, myocardial infarction (MI),

ing during the first month after acute coronary and stroke, gradually decreases, reaching a stable
syndrome (ACS) is reflective of elevated platelet level after 1 month, while the risk of bleeding is
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mainly related to the type and dosage of antiplatelet
drugs and remains steady during the whole period
of dual antiplatelet treatment (DAPT). Therefore,
in the earliest phase after ACS, the ischemic
component should be especially targeted with
potent antiplatelet strategies, whereas after the
clinical stabilization occurs, de-escalation of the
antiplatelet therapy may be justified [1-8]. Treat-
ment with ticagrelor or prasugrel is recommended
over clopidogrel due to better efficacy, albeit
with more bleeding complications. These higher
bleeding rates have provoked trials investigat-
ing de-escalation from ticagrelor or prasugrel to
clopidogrel in the hope of reducing bleeding with-
out increasing rates of thrombotic events [4, 5].
Several strategies aiming to enhance the safety of
antiplatelet treatment without depriving it of its
efficacy have been evaluated so far.

Replacing a potent P2Y12 receptor inhibitor
(prasugrel or ticagrelor) with a weaker one (clopi-
dogrel) was the first de-escalation strategy tested.
In the TOPIC study downgrading of DAPT (from
prasugrel or ticagrelor to clopidogrel) 1 month af-
ter ACS was associated with a net clinical benefit
mainly driven by a significant reduction in bleeding
complications, while the risk of recurrent ischemic
events remained unchanged [9]. The limitations of
this study, including small study sample size (645
patients), non-homogenous treatment at baseline
and in the control arm (prasugrel or ticagrelor), and
moderate adherence to the treatment, warrant cau-
tious interpretation of these results. On the other
hand, the SCOPE registry (n = 1363) reported
switching from clopidogrel to novel P2Y12 recep-
tor inhibitors to be safe, while a downgrade was an
independent predictor of net adverse cerebrovas-
cular events in patients with ACS [10]. The safety
and efficacy of early de-escalation of antiplatelet
treatment from prasugrel to clopidogrel were
tested in the TROPICAL-ACS study (n = 2610)
[11]. High platelet reactivity is associated with an
increased risk of recurrent ischemic events, while
the use of clopidogrel is burdened with high inter-
individual variability of the antiplatelet effect and
the possibility of drug interactions [12]. Hence,
platelet function testing was applied for guidance
of de-escalation of antiplatelet treatment in this
study. In the de-escalation group as much as 39%
of patients required a switch-back to prasugrel due
to insufficient platelet inhibition with clopidogrel
defined as high platelet reactivity [11]. The primary
endpoint, defined as net clinical benefit (cardio-
vascular death, MI, stroke, or bleeding grade 2 or
higher according to Bleeding Academic Research

Consortium [BARC] criteria) 1 year after randomi-
zation, occurred in 7% of patients in the guided de-
escalation group and in 9% of patients in the control
group (Pyoninferioriy = 0-0004; hazard ratio [HR] 0.81;
95% confidence interval [CI] 0.62-1.06, Dsuperiority
= (0.12). The prevalence of ischemic events (car-
diovascular death, MI, and stroke) was 3% in both
study arms, while the prevalence of BARC grade 2
or higher was 5% and 6%, respectively. Despite
of the lack of significant differences in the whole
study population, subgroup analyses revealed
a net clinical benefit from guided de-escalation in
ST-segment elevation MI patients, subjects < 70
years of age, and those without diabetes. Summing
up, this investigator-initiated, randomized, open-
-label, assessor-blinded, multicenter trial showed
that platelet function testing-guided de-escalation
from prasugrel to clopidogrel was non-inferior to
standard treatment with prasugrel at 1 year after
percutaneous coronary intervention (PCI) in terms
of net clinical benefit in patients with ACS [11].
Kheiri et al. [13] conducted a meta-analysis
(3 randomized clinical trials with 3391 patients)
aimed at evaluating the clinical outcomes of an-
tiplatelet de-escalation based on switching from
prasugrel or ticagrelor to clopidogrel compared
with continuation of DAPT with more potent P2Y12
receptor inhibitor in patients treated with PCI.
The net clinical outcome (composite of bleeding or
thrombotic events) was significantly reduced in the
group switched to clopidogrel; however, no differ-
ences between the groups in a separate analysis for
MACE, as well as for bleedings, were found [13].
Pharmacodynamic data show that reduction of
ticagrelor bioavailability by one-third significantly
decreases the antiplatelet effect of ticagrelor in
patients with acute MI, but not in subjects without
ACS [14-16]. More pronounced ticagrelor-induced
platelet inhibition seen in a stable setting compared
with MI reflects the excessive platelet activation
occurring during the initial phase of ACS. Subse-
quently, the enhanced platelet reactivity and ag-
gregation decrease over time when ACS patients
become stable [17-22]. This observation was
confirmed in a sub-study of the PEGASUS-TIMI
54 trial showing similar platelet inhibition with
reduced (60 mg b.i.d) and standard (90 mg b.i.d)
maintenance doses in stable patients more than
1 year after MI, despite one-third lower ticagre-
lor plasma concentrations in the lower dose arm
[23-25]. Recently, we demonstrated in a rand-
omized, pharmacodynamic trial that a reduced tica-
grelor maintenance dose of 60 mg b.i.d. provides
a comparable antiplatelet effect to the standard
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90 mg b.i.d. dose in patients already 1 month post
MI, when the disease proceeds to its stable phase.
Importantly, no differences in the prevalence of
on-ticagrelor high platelet reactivity between
patients receiving the reduced and standard main-
tenance doses was observed in this trial [26, 27].

The number of studies reporting clinical out-
comes in coronary artery disease patients receiving
reduced maintenance dose of ticagrelor is limited;
however, available results indicate that in a stable
setting this strategy offers improved safety with
preserved efficacy in the prevention of thrombotic
events [7]. The PEGASUS-TIMI 54 study showed
comparable clinical efficacy of two ticagrelor doses
(90 mg b.i.d. and 60 mg b.i.d.) administered with
acetylsalicylic acid (ASA); however, better tol-
erability of treatment with the lower dose was
observed in stable patients 1 year after MI [23].

Another strategy to optimize antiplatelet treat-
ment, by adjusting its potency to time-changing
required platelet inhibition, has been validated in
the TWILIGHT study [28]. The primary endpoint
was the first occurrence of BARC type 2, 3, or
5 bleeding between randomization and 1 year in
a time-to-event analysis. The key secondary end-
point was the first occurrence of death from any
cause, nonfatal MI, or nonfatal stroke in a time-to-
-event analysis. The results of this randomized trial
showed that in 7119 high-risk patients who had
undergone PCI and were treated with ticagrelor
90 mg b.i.d. and ASA for 3 months, subsequent
monotherapy with ticagrelor resulted in substan-
tially fewer bleeding events than in the ticagrelor
plus ASA arm (4.0% vs. 7.1%, respectively; HR
0.56; 95% CI 0.45-0.68; p < 0.001), without any
ischemic harm over a period of 1 year; the key
secondary endpoint occurred in 3.9% of patients
in both study arms [28]. Even in high-risk patients
after complex PCI, the DAPT downgrade to tica-
grelor monotherapy was associated with lower
incidence of bleeding without increased risk of
ischemic events compared with continuation of
DAPT [29, 30].

Khan et al. [31] performed a Bayesian network
meta-analysis comparing early de-escalation of
DAPT (1-3 months) to monotherapy with either
P2Y12 inhibitor or ASA versus 12 months de-
escalation of DAPT after PCI with drug-eluting
stent. Among the 7 trials included (35,821 pa-
tients), 52.6% of patients presented with ACS.
No significant differences in terms of ischemic
endpoints among different DAPT strategies were
found; however, early de-escalation of DAPT to
monotherapy with a P2Y12 inhibitor instead of

ASA might be a safer approach compared with 12
months of DAPT in patients treated with PCI [31].

Taking into account these data, we hypoth-
esized that reduction of ticagrelor maintenance
dose to 60 mg b.i.d. 1 month after ACS and its con-
tinuation until 12 months may improve adherence
to antiplatelet treatment due to better tolerability
compared with DAPT including standard dose tica-
grelor. Moreover, based on the TWILIGHT study
results [29], improved safety of treatment and pre-
served anti-ischemic benefit with additional ASA
withdrawal may also be expected. To evaluate these
hypotheses, we designed the Evaluating Safety and
Efficacy of Two Ticagrelor-based De-escalation An-
tiplatelet Strategies in Acute Coronary Syndrome
— arandomized clinical trial (ELECTRA-SIRIO 2),
to assess the influence of ticagrelor dose reduction
with or without continuation of ASA versus DAPT
with standard-dose ticagrelor in reducing clinically
relevant bleeding and maintaining anti-ischemic
efficacy in ACS patients.

Current standard of treatment
according to the guidelines

In ACS patients DAPT with a P2Y12 recep-
tor inhibitor on top of ASA is recommended for 12
months to reduce platelet reactivity and adverse
thrombotic events (class of recommendation I)
[1, 2, 4]. However, in specific clinical scenarios the
DAPT duration can be shortened (< 12 months),
extended (> 12 months), or modified (switching
DAPT, DAPT de-escalation), and these decisions
depend on individual clinical judgement being
driven by the patient’s ischemic and bleeding risk,
the occurrence of adverse events, comorbidities,
co-medications, and availability of drugs [2]. Early
discontinuation of P2Y12 receptor inhibitor therapy
3 months after non-ST-elevation ACS should be
considered in those who are at high bleeding risk
(High Bleeding Risk according to Academic Bleed-
ing Consortium — ABC-HBR criteria or > 25 score
in PREdicting bleeding Complications In patients
undergoing Stent implantation and subsEquent
Dual AntiPlatelet Therapy — PRECISE-DAPT
score) (class of recommendation IIa) [4]. Termina-
tion of treatment with ASA 3-6 months after ACS
in patients treated with PCI with stent implantation
should be considered, depending on the balance
between bleeding and ischemic risk (class of rec-
ommendation Ila). Moreover, patients at very high
bleeding risk, i.e. those who experienced bleeding
episode within a month preceding the index ACS
or those scheduled for surgical intervention in the
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early future, may benefit from 1-month DAPT com-
prising ASA and clopidogrel, with the intention to
continue monotherapy with clopidogrel afterwards
(class of recommendation Ila) [4].

De-escalation of treatment with P2Y12 recep-
tor inhibitor (e.g. switch from prasugrel or ticagre-
lor to clopidogrel) may be considered in patients
after ACS deemed unsuitable for potent platelet
inhibition. De-escalation may be unguided, based
solely on clinical judgment or guided by platelet
function testing or CYP2C19 genotyping, depend-
ing on the patient’s risk profile and availability of
respective assays (class of recommendation IIb) [4].

Dual antiplatelet treatment with ASA and
P2Y12 receptor inhibitor (ticagrelor may be pre-
ferred over clopidogrel and prasugrel) or with a low
dose of rivaroxaban is recommended in subjects
without atrial fibrillation at high/moderate ischemic
risk and low bleeding risk beyond 12 months post
ACS (class of recommendation IIa/IIb) [4, 5].

Adherence to DAPT after ACS

Despite the numerous advantages of a po-
tent antiplatelet treatment, this therapy is also
burdened with non-negligible side effects, greatly
related to bleeding. These adverse effects quite of-
ten require medical attention or lead to discontinu-
ation of treatment. Of note, the rate of premature
discontinuation of antiplatelet treatment in the
landmark PLATO study was 23% of patients receiv-
ing ticagrelor and 22% treated with clopidogrel,
which shows the magnitude of the problem [17].
Premature discontinuation of antiplatelet therapy,
especially in invasively treated ACS patients, may
lead to detrimental cardiovascular and thrombotic
events, such as recurrent ACS or stent thrombosis
[12, 17-21, 32, 33].

Premature discontinuation of treatment with
ticagrelor in the PEGASUS-TIMI 54 was mostly
driven by non-serious adverse events that oc-
curred primarily early after randomization, and it
was more common in patients receiving standard
compared with reduced ticagrelor maintenance
dose [23-25]. Thus, better adherence to treat-
ment would be expected with low-dose ticagrelor
in real-life practice.

The ELECTRA-SIRIO 2 study

The ELECTRA-SIRIO 2 study was designed
as a phase III, randomized, multicenter, double-
-blind, placebo-controlled, investigator-initiated
clinical study with a 12-month follow-up (Clinical-

Trials.gov Identifier: NCT04718025; EudraCT
number: 2020-005130-15). The study is aimed to
test two ticagrelor-based de-escalation strategies
versus standard treatment.

During the first month after ACS subjects
from all three arms will receive a standard DAPT
with ticagrelor 90 mg b.i.d and 100 mg ASA once
daily. Patients assigned to the control group will
continue this standard treatment for a total of
12 months, while in both experimental arms after
1 month the maintenance dose of ticagrelor will be
reduced to 60 mg b.i.d. Then, 3 months after ACS,
treatment with ASA will be terminated in one of the
experimental arms. The primary safety composite
endpoint of this study is the first occurrence of type
2, 3, or 5 bleeding according to the BARC criteria,
occurring during the first 12 months after ACS.
The primary efficacy endpoint is the composite of
time to death from any cause, first nonfatal MI, or
first nonfatal stroke.

Special care will be applied with regard to
adherence to the study treatment (tablet count-
ing at follow-up visits and evaluation with use of
the Adherence in Chronic Diseases Scale). The
adherence to treatment is of vast importance
because early termination of ticagrelor leaves the
ACS patients in the monotherapy arm unprotected
against ischemic consequences, such as recurrent
ACS [34-40].

To increase adherence to treatment all patients
will undergo continuous multilevel educational
and motivational interventions according to
the Multilevel Educational and Motivational In-
tervention in Patients After Myocardial Infarction
(MEDMOTION) project, including assessment
with the Readiness for Hospital Discharge after
Myocardial Infarction Scale at the end of hospitali-
zation, and with the Functioning in Chronic Illness
Scale during follow-ups [41-48].

Summary

To date, de-escalation of antiplatelet therapy
in ACS patients based on lowering the dose of tica-
grelor with or without discontinuation of ASA has
not been tested in a large randomized clinical trial.

Taking into account existing evidence, one
would expect equal clinical efficacy of reduced and
standard maintenance doses of ticagrelor already
after 1 month post ACS based on their documented
antiplatelet effects. The two antiplatelet de-escala-
tion strategies proposed in the ELECTRA-SIRIO 2
study are expected to essentially decrease the
incidence of clinically significant bleeding events
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during the first year after ACS, without negative
impact on the antithrombotic efficacy. In contrast
to the platelet function testing-guided de-escalation
strategy applied in the TROPICAL-ACS study [11],
the strategy proposed in the ELECTRA-SIRIO 2
study does not require a platelet reactivity as-
sessment, making this step-down approach more
feasible for wide application in clinical practice.

Moreover, the quality of life in post-ACS
patients on the tested regimen may increase due
to lower incidence of dyspnea, an adverse effect
typical for ticagrelor. This assumption is based on
observations from the PEGASUS-TIMI 54 trial,
where dyspnea occurred less frequently in patients
who received the lower dose of ticagrelor compared
with those treated with the standard dose (16% vs.
19%) [23-25]. Thus, a lower number of patients
are expected to permanently and prematurely
discontinue ticagrelor.
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Abstract

Although drug-eluting stents (DES) have become the mainstay of percutaneous coronary intervention,
late and very late stent thrombosis remains a concern. Drug-coated balloons (DCB) have the advantage
of preserving the anti-restenotic benefits of DES while minimizing potential long-term safety concerns.
Currently the two methods to ensure successful DCB treatment of a stenotic lesion are angiography or
physiology-guided DCB application. This review will evaluate these two methods based on previous
evidence and make suggestions on how to perform DCB treatment more efficiently and safely. (Cardiol J

2021; 28, 4: 615-622)
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Introduction

The successful restoration of coronary flow
is the goal of percutaneous coronary intervention
(PCI) for obstructive coronary artery disease. Due
to the limitations of accurately measuring blood
flow in clinical practice, anatomical assessment
using diameter stenosis (DS) or minimal lumen
diameter by coronary angiography has been used
to guide the procedure. However, coronary angio-
graphy alone is inherently limited by its inability
to provide information pertaining to the functional

significance of stenoses. Fractional flow reserve
(FFR) was developed as a technique to enable
physiological assessment of coronary lesions. FFR
expresses the maximum achievable blood flow to
the myocardium supplied by a stenotic artery as
a fraction of normal maximum flow. As such, it
provides an objective measure of the hemodynamic
significance of an epicardial stenosis and FFR-
-guided PCI is associated with a better prognosis
than angiography-guided PCI [1].

Drug-coated balloons (DCB) provide local
drug delivery after successful balloon angioplasty
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(BA) to inhibit restenosis, however concerns over
acute vessel closure, have hampered their use for
de novo lesions. During the BA era, Bech et al. [2]
demonstrated that patients with a residual DS of
< 35% and an FFR value after BA of > 0.90 had
excellent clinical outcomes to 2-years. Further, in
a previous study, it was demonstrated that DCB
treatment after successful BA with a resultant FFR
value > 0.75 was safe and effective, without the
additional risk of acute vessel closure [3].

One of the advantages using a DCB over
drug-eluting stent (DES) is the short duration
of dual antiplatelet therapy (DAPT) especially in
patients with high risk of bleeding, and in those
with contraindications to long term DAPT, since
they require only 1 month of DAPT. Although the
latest data from the Onyx ONE and EVOVE Short
DAPT studies demonstrated that 1 to 3 months
of DAPT is noninferior to the standard 12-month
DAPT in terms of the risk of stent thrombosis
[4, 5], neoatherosclerosis with DES is inevitable
over time, and this is known to progress faster
than de novo lesions, resulting in stent failure
manifesting as restenosis and thrombosis [6].
Nevertheless, unlike the BA era, there are now two
available options — DCB and DES — for the local
delivery of antiproliferative drugs allowing patients
to receive different treatment options. There have
been many efforts to examine the pros and cons of
DCB compared to DES, and an indication standard
for DCB treatment is expected in the near future.
This review discusses a safe and effective method
for the use of DCBs in the treatment of obstructive
coronary artery disease.

Optimal lesion preparation
for DCB application

The use of DCBs has been proven to be very
effective for in-stent restenosis (ISR) and is rec-
ommended by European, German, and Asia-Pacific
consensus groups [7-9]. Although DCB treatment
is a reasonable option for ISR, recurrent target
lesion failure (TLF) still occurs in some patients
after treatment. Optimal lesion preparation for
ISR plays an important role in reducing adverse
clinical outcomes after DCB treatment. The RIBS
IV study investigated the treatment of patients
with DES-ISR, and showed that re-stenting with
a DES reduced the 1-year composite outcome
of cardiac death, myocardial infarction (MI), and
target vessel revascularization (TVR) compared
with using a DCB (10% vs. 18%; hazard ratio [HR]:
0.58; 95% confidence interval [CI]: 0.35-0.98;

p = 0.04). However, this benefit was driven in
part due to sub-optimal lesion preparation and
inadequate flow after balloon angioplasty in the
DCB arm [10]. Another recent study showed that
modifiable independent predictors of recurrent
TLF were residual DS after lesion preparation,
DCB-to-stent ratio, and DCB inflation time [11].
In their study, TLF occurred in 20.3% and the best
cutoff values were 20%, 0.91, and 60 s for residual
DS, DCB-to-stent ratio, and DCB inflation time,
respectively. TLF rates were significantly higher in
groups with residual DS > 20% (34.7% vs. 12.5%;
HR: 2.15; 95% CI: 1.86-2.48; p < 0.001), DCB-to-
stent ratio < 0.91 (46.4% vs. 21.9%; HR: 2.02; 95%
CI: 1.75-2.34; p < 0.001), and inflation time < 60 s
(26.2% vs. 14.0%; HR: 1.82; 95% CI: 1.36-2.45;
p < 0.001). When classifying ISR lesions by combi-
nation of three procedure-related factors, TLF oc-
curred in 8.3% in the fully optimized procedure group
and 66.7% in the non-optimized group (p < 0.001),
demonstrating clearly that fully optimized DCB
treatment with ideal lesion preparation, sufficient
dilatation, and prolonged inflation could reduce TLE
Appropriate lesion preparation can create an environ-
ment that allows homogeneous drug delivery to the
lesion efficiently and thus, has a significant impact on
the efficacy and safety of DCB treatment.

There is no evidence of criteria for optimal
lesion preparation for de novo coronary artery
lesions. In ISR as well as in de novo lesions, con-
ventional lesion preparation is performed using
a non- or semi-compliant balloon. In complex
lesions, however, the use of high-pressure non-
compliant balloons or scoring/cutting balloons
should be considered to provide better lesion
preparation. The shortcomings of conventional bal-
loon angioplasty include balloon slippage and edge
dissections, post procedure, and these problems
could be reduced with the use of a scoring balloon,
which may also allow enhanced local drug uptake.

In an early intravascular ultrasound evaluation
study comparing cutting balloons with conventional
balloons for the treatment of ISR, the luminal area
acute gain was larger in the cutting balloon group
due to more effective tissue extrusion, while
late loss was smaller [12]. Cutting or scoring the
neointimal plaque lessens the elastic and fibrotic
continuity of the internal fibrous layer and makes
the tissue more amenable to being pushed outward
through the stent struts. In the ISAR-DESIRE 4
study, neointimal modification with scoring balloon
before DCB was compared with standard DCB ther-
apy in patients with ISR [13]. Pre-dilatation with
a scoring balloon resulted in a significantly lower
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rate of in-segment percentage DS (35.0 = 16.8%
vs.40.4 * 21.4%, p = 0.047) and binary angiographic
restenosis rate (18.5% vs. 32.0%, p = 0.026)
at 6-8 month follow-up. The results demonstrated that
the use of a scoring balloon improves the complete ex-
pansion of a re-stenosed stent, neointimal modification,
and homogeneous drug delivery and hence, increases
the anti-restenotic efficacy of DCB treatment.

ST-segment elevation myocardial infarction
(STEMI) is the most representative disease of
atherothrombotic lesions. In STEMI patients,
stent implantation reduces target lesion revas-
cularization (TLR), however, it tends to increase
the long-term risk of stent-related events such as
stent thrombosis and ISR [14-16]. In the majority
of STEMI patients, rapid restoration of coronary
flow is the main purpose of treatment, and this
can be achieved by a combined approach of phar-
macologic and interventional treatments without
stenting. Thrombus aspiration is an adjunctive
non-pharmacological strategy during primary PCI
designed to improve epicardial and myocardial
reperfusion. However, recent studies failed to show
the clinical benefit of aspiration thrombectomy
in STEMI patients due to insufficient removal of
thrombus at the culprit lesion [17-19].

Stenting has been shown to reduce the need
for TVR in acute MI, however, this was not associ-
ated with a significant reduction in mortality or
reinfarction compared with BA [20]. To avoid the
long-term risk of stent-related events in STEMI
patients, a DCB strategy in primary PCI could be
a safe and feasible alternative strategy to DES treat-
ment if coronary flow is restored and no significant
residual stenosis persists after balloon dilatation or
thrombo-suction. Before using a DCB, successful
thrombus aspiration is important and has beneficial
effects considering that adequate lesion prepara-
tion helps facilitate homogeneous drug delivery.
In the REVELATION study, a DCB strategy was
noninferior to DES in STEMI patients in terms of
FFR assessed at 9 months (0.92 + 0.05 vs. 0.91 +
+ 0.06, p = 0.27), and during follow-up, only 2 pa-
tients received a non-urgent TLR (1 in each group)
[21]. One option in STEMI patients where coronary
flow is restored and no significant residual stenosis
is observed after balloon pre-dilatation, is medical
treatment with an anticoagulant and antiplatelet
agent without any further immediate intervention,
followed by a repeat coronary angiogram after 1-2
weeks to decide whether to use a DCB or DES.
The high risk of restenosis and stent thrombosis
in patients with a chronic total occlusion (CTO)
is still a major problem. In the PEPCAD-CTO

study, the use of DCB plus BMS was associated
with similar clinical results and a non-significantly
higher in-stent late loss compared with DES [22].
The DCB only approach studies for CTO cases are
scarce but recent registry data has suggested it was
a feasible and well-tolerated treatment method if the
pre-dilatation result is good [23]. In their feasibil-
ity and safety study, the incidence of angiographic
restenosis was 11.8% at mean 8-month follow-up,
which were similar or lower than prior CTO stud-
ies using either DES or BMS. Furthermore, late
lumen gain was found in 67.6% of patients and was
caused by an increase in vessel size rather than
plaque regression.

When a DES is used after successful reca-
nalization of a CTO, the stent may be undersized
because the lesion was occluded, and the vessel
did not grow soon after reperfusion. CTO lesions
have negative remodeled distal vessels because
they have not had any flow for a long time. After
BA, antegrade flow increases and vessels become
larger, however this may take from several weeks
to months. Therefore, immediately after balloon
angioplasty of a CTO, it is easy to under-estimate
the true vessel size, increasing the risk of stent
under-sizing and subsequent risks of restenosis,
late stent mal-apposition and stent thrombosis.
Moreover, the metallic cage can inhibit positive
remodeling leaving a small luminal size after
vessel recovery. However, after treatment with
a DCB, it is possible that vessels will return to their
original size over time, which is one of the great-
est advantages of DCB treatment in CTO lesions.
Furthermore, in cases of DCB only treatment, the
presence of heavy calcification could support the
vessel as a DES does, and could give the vessel
a chance to grow and heal. However, larger, rand-
omized controlled trials are necessary to further
evaluate the DCB-only approach for CTO lesions.

Provisional strategy guided by physiology

According to the German Consensus Group,
lesion characteristics determined by angiography
after BA can identify acceptable lesion preparation
by assessing for the absence of a flow-limiting dis-
section and a non-significant residual DS <30% [8].
Angiographically significant parameters after BA
are residual DS > 30% or dissection type C or
more. Recently it was demonstrated that DCB
treatment could be performed safely and effectively
after successful BA (Thrombolysis In Myocardial
Infarction [TIMI] flow grade 3 after BA) with an
FFR value > 0.75, without any increased risk of
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Figure 1. Correlation between fractional flow reserve (FFR) after balloon angioplasty (BA) and residual diameter steno-
sis (DS); A. Overall population; B. Left anterior descending artery; C. Left circumflex artery; D. Right coronary artery.

Reused with permission from: [1].

acute vessel closure and a lower rate of restenosis.
Of note, a high frequency of non-concordance was
found between angiographic and functional char-
acteristics when using an FFR after BA cutoff of
0.75 to define functionally significant lesions [1].
The results showed a mismatch of 68.7% (residual
DS > 30% and FFR after BA>(0.75) withareverse mis-
match (residual DS <30% and FFR after BA < 0.75)
in 7.1% (Fig. 1A). If these mismatch lesions were
treated solely using angiography, as recommended
by the German consensus group, all of them
should be treated with stent implantation, since
the residual DS was above 30%, even though the
post-balloon FFR was > 0.75. Previous mid- and
long-term follow-up studies in patients with an
FFR after BA > 0.75 showed comparable clinical
outcomes between DCB and stent treatments
[1, 3, 24]. Therefore, FFR-guided DCB treatment

could safely reduce the number of unnecessary
stent implantations in this mismatch population.
In the reverse mismatch population, the guide-
lines suggest using a DCB over a stent, since the
residual DS was < 30%. If the guidelines are fol-
lowed, only severe dissections (type C dissection)
should be treated with a stent, whilst the rest of
them could receive DCB treatment (6.0% of DS
< 30%) [1]. It is well known that in patients with
functionally significant stenoses, FFR-guided PCI
decreases the need of urgent revascularization
compared with medical therapy alone [25]. Thus,
these reverse mismatch lesions pose a higher clini-
cal risk of future events and it is appropriate for
them to be treated with stent implantation.

In the left anterior descending artery (LAD)
the majority of lesions with severe dissection had
an FFR after BA of > 0.75 which was independent
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of the severity of the dissection (Fig. 1B). Of note,
all severe dissections in non-LAD lesions had an
FFR after BA > 0.75 (Fig. 1C, D). The dissection
type after BA does not correlate with residual FFR
as seen in Figure 2. Thus, FFR after BA measure-
ments in LAD lesions could be recommended not
just to reduce the number of stents in mismatch
lesions, but also to prevent future adverse clinical
events in reverse mismatch lesions, while lesions
in the circumflex and right coronary artery could
be safely treated with angiography alone. FFR-guid-
ed DCB treatment has several advantages compared
to angiography-guided DCB application. A recent
recommendation from an Asia-Pacific consensus
group reported both angiographic and functional
criteria for large de novo coronary lesions [9].
The provisional strategy guided by physiology
for de novo lesions are summarized in Figure 3.
The first step for successful DCB treatment is to
achieve optimal lesion preparation by pre-dilation
balloon (non-compliant or scoring/cutting bal-
loons) or a non-balloon device like atherectomy
or rotablator. A balloon to artery ratio of 0.8 to
1.0 and an inflation pressure higher than nominal
should be used. Thrombus aspiration for patients
with STEMI should be performed in appropri-
ate situations. The acceptable angiographic and
functional criteria after BA to perform DCB treat-
ment are TIMI grade 3 flow and FFR > 0.75. In
this FFR-guided DCB strategy, if the FFR after
BA is > 0.75, DCB treatment can be performed

www . cardiologyjournal.org
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Figure 3. Provisional drug-coated balloon (DCB) strat-
egy guided by fractional flow reserve (FFR). The accept-
able angiographic and functional criteria after balloon
angioplasty to perform DCB treatment are Thrombolysis
In Myocardial Infarction (TIMI) 3 grade flow and FFR
> 0.75; iFR — instantaneous wave-free ratio; DES —
drug-eluting stent. *Lesion preparation by optimal sized
balloon (balloon-to-vessel ratio 0.8-1.0) or non-balloon
catheters.

safely [3, 24]. The provisional DCB treatment
guided by physiology aims to provide safer DCB
treatment based on physiology according to all
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Figure 4. Representative cases for provisional drug-coated balloon strategy guided by fractional flow reserve (FFR).

anatomical changes like dissection presence or se-
verity, and residual stenosis occurring after BA. In
a previous study comparing angiography to FFR-
-guided DCB treatment for 167 lesions, there was
a mismatch in 68.7% (57 of 83) of the population
and a reverse mismatch in 7.1% (6 of 84) [1]. If an
angiography-guided strategy was used, 57.5% (96
of 167) would need treatment with a DES, whilst
using an FFR-guided strategy only 19.2% (32 of
167) need a DES; this 66.7% reduction in stent
usage occurred without increasing safety concerns.
Lesions in the reverse mismatch population pose
a higher clinical risk of future events however
whilst the angio-guided approach recommends
treating with a DCB since the residual DS is < 30%),
the FFR-guided approach recommends treating
with a DES since the residual FFR is < 0.75 and
hence, it could prevent possible future events.
Recently, it was demonstrated that instan-
taneous wave-free ratio (1IFR), an alternative
measure that does not require the administration
of adenosine, measured right after BA is safe and
effective for de novo coronary lesions [26]. The
cutoff value of iFR right after BA used to define
functionally nonsignificant residual stenotic lesions
was 0.86 that iFR-guided paclitaxel-coated balloon
treatment is safe and effective for de novo major
epicardial coronary lesions with good anatomical
patency at 9-month follow-up and showed good

long-term clinical outcomes in patients with iFR
> (.86 after BA. As alternative methods to FFR
or iFR, functional coronary imaging, quantitative
flow ratio, have recently emerged, allowing wire-
-free functional assessment of stenosis severity
based on a computational fluid dynamics model
or mathematical assumptions of coronary flow.
Although previous studies have demonstrated
excellent correlations and diagnostic agreements
with FFR [27, 28], an evaluation of the diagnostic
performance and agreement of QFR using FFR or
iFR as reference standards in the situation of BA
is needed (Figs. 3, 4).

Medical treatment

Easy to heal and the lower risk of target lesion
thrombosis in lesions treated with a DCB makes
prolonged DAPT therapy unnecessary. The Euro-
pean Society of Cardiology guideline recommends
6 months of DAPT treatment, however, shorter
durations of 1-3 months after DCB have not been
associated with any increased risk of long-term
adverse outcomes compared with BMS or DES [7].
Looking at the previous data, when 1* generation
DES was used, stent thrombosis occurred 0.6%
per year [29], and 2™ generation stent occurred
0.3% of stent thrombosis per year [30]. In the BAS-
KET--SMALL 2 study for small de novo lesions
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(n = 758 patients), DCB was non-inferior to DES
for major adverse cardiovascular events (cardiac
death, non-fatal MI, and target vessel revascu-
larization) for up to 12 months (7.5% vs. 7.3%;
HR 0.97 [95% CI 0.58-1.64], p = 0.918) [31]. The
thrombosis rate (probable or definite) in DCB
treated lesions was numerically lower than DES
(0.8% vs.1.1%; HR 0.73[0.16-3.26]) despite DAPT
being continued for only 1 month in the DCB arm
and 6-12 months in the DES arm. Major bleeding
in DCB arm was also numerically lower than the
DES arm (1.1% vs. 2.4%; HR 0.45 [0.14-1.46]).

High-intensity statin therapy may provide
incremental clinical benefits after DCB application.
It is well known that statin treatment causes plaque
regression and improves clinical outcomes when
used for either primary or secondary prevention.
BA creates iatrogenic plaque dissection and causes
plaque redistribution, and DCB provides local
drug delivery to prevent restenosis. After DCB
treatment, cholesterol-lowering drugs may cause
greater plaque regression compared to statin only
treatment without PCI. Regarding the effects of
statin therapy, a previous study demonstrated that
a clear reduction of lipid core was only observed in
thin-cap fibroatheromas, suggesting that changes in
plaque composition following statin therapy might
occur earlier and to a greater degree in vulnerable
plaque compared to stable plaque [32]. Another
study showed that DCB treatment with high dose
statins caused persistent patency with plaque
redistribution without chronic elastic recoil and
restored coronary blood flow resulting in increased
lumen areas at follow-up [33]. These results sug-
gest that there will be regression of plaque after
DCB treatment through high dose statin therapy.
Therefore, high intensity statin therapy can rein-
force the efficacy of DCB treatment.

Conclusions

For successful DCB treatment, optimal lesion
preparation using optimally sized scoring balloons
is essential. Ideal lesion preparation should be as-
sessed by measuring flow status using physiologi-
cal indexes such as FFR rather than by estimating
stenotic severity from angiography alone. Although
not all coronary lesions require FFR measurement,
if the lesion subtends a large amount of myocardium
such as lesions in the proximal LAD, they should
be assessed with FFR. The physiology-guided
provisional strategy suggests that DCB treatment
should only be performed if adequate coronary
flow is obtained after optimal balloon angioplasty,

with newer generation DES used in cases of inad-
equate flow. For successful DCB treatment, there is
a need for better technology that can make plaque
modifications safe and effective. In addition, the
importance of medical treatment to maximize the
effect of DCB (anti-thrombotics and cholesterol-
lowering drugs) cannot be overemphasized.

Conflict of interest: Dr. Bon-Kwon Koo has re-
ceived institutional research grant from St. Jude
Medical. Dr. Joo Myung Lee received a research
grant from St. Jude Medical (Abbott Vascular) and
Philips Volcano. All other authors declare that there
1s no conflict of interest relevant to the submitted
work.

References

1. Chung JH, Lee KE, Her AY, et al. Comparison of fractional flow
reserve and angiographic characteristics after balloon angioplas-
ty in de novo coronary lesions. Int ] Cardiovasc Imaging. 2019;
35(11): 1945-1954, doi: 10.1007/s10554-019-01649-y, indexed in
Pubmed: 31214851.

2. Bech GJ, Pijls NH, De Bruyne B, et al. Usefulness of fractional
flow reserve to predict clinical outcome after balloon angioplasty.
Circulation. 1999; 99(7): 833-888, doi: 10.1161/01.c¢ir.99.7.883,
indexed in Pubmed: 10027810.

3. Her AY, Shin ES, Lee JM, et al. Paclitaxel-coated balloon treat-
ment for functionally nonsignificant residual coronary lesions
after balloon angioplasty. Int J Cardiovasc Imaging. 2018; 34(9):
1339-1347, doi: 10.1007/s10554-018-1351-z, indexed in Pubmed:
29696453.

4. Kedhi E, Latib A, Abizaid A, et al. Rationale and design of the
Onyx ONE global randomized trial: A randomized controlled trial
of high-bleeding risk patients after stent placement with 1 month
of dual antiplatelet therapy. Am Heart J. 2019; 214: 134-141, doi:
10.1016/j.ahj.2019.04.017, indexed in Pubmed: 31203158.

5. Mauri L, Kirtane AJ, Windecker S, et al. Rationale and design of
the EVOLVE Short DAPT Study to assess 3-month dual antiplate-
let therapy in subjects at high risk for bleeding undergoing percu-
taneous coronary intervention. Am Heart J. 2018; 205: 110-117,
doi: 10.1016/j.ahj.2018.08.004, indexed in Pubmed: 30218844.

6. Yahagi K, Kolodgie FD, Otsuka F, et al. Pathophysiology of native
coronary, vein graft, and in-stent atherosclerosis. Nat Rev Car-
diol. 2016; 13(2): 79-98, doi: 10.1038/nrcardio.2015.164, indexed
in Pubmed: 26503410.

7. Neumann FJ, Sousa-Uva M, Ahlsson A, et al. 2018 ESC/EACTS
Guidelines on myocardial revascularization. Eur Heart J. 2019;
40(2): 87-165, doi: 10.1093/eurheartj/ehy394, indexed in Pub-
med: 30165437.

8. Kleber FX, Rittger H, Bonaventura K, et al. Drug-coated bal-
loons for treatment of coronary artery disease: updated recom-
mendations from a consensus group. Clin Res Cardiol. 2013;
102(11): 785-797, doi: 10.1007/s00392-013-0609-7, indexed in
Pubmed: 23982467.

9. Her AY, Shin ES, Bang LH, et al. Drug-coated balloon treatment
in coronary artery disease: Recommendations from an Asia-
Pacific Consensus Group. Cardiol J. 2021; 28(1): 136-149, doi:
10.5603/CJ.a2019.0093, indexed in Pubmed: 31565793.

www . cardiologyjournal.org 621


http://dx.doi.org/10.1007/s10554-019-01649-y
https://www.ncbi.nlm.nih.gov/pubmed/31214851
http://dx.doi.org/10.1161/01.cir.99.7.883
https://www.ncbi.nlm.nih.gov/pubmed/10027810
http://dx.doi.org/10.1007/s10554-018-1351-z
https://www.ncbi.nlm.nih.gov/pubmed/29696453
http://dx.doi.org/10.1016/j.ahj.2019.04.017
https://www.ncbi.nlm.nih.gov/pubmed/31203158
http://dx.doi.org/10.1016/j.ahj.2018.08.004
https://www.ncbi.nlm.nih.gov/pubmed/30218844
http://dx.doi.org/10.1038/nrcardio.2015.164
https://www.ncbi.nlm.nih.gov/pubmed/26503410
http://dx.doi.org/10.1093/eurheartj/ehy394
https://www.ncbi.nlm.nih.gov/pubmed/30165437
http://dx.doi.org/10.1007/s00392-013-0609-7
https://www.ncbi.nlm.nih.gov/pubmed/23982467
http://dx.doi.org/10.5603/CJ.a2019.0093
https://www.ncbi.nlm.nih.gov/pubmed/31565793

Cardiology Journal 2021, Vol. 28, No. 4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

622

Alfonso F, Pérez-Vizcayno MJ, Cardenas A, et al. A Prospective
Randomized Trial of Drug-Eluting Balloons Versus Everolimus-
Eluting Stents in Patients With In-Stent Restenosis of Drug-
Eluting Stents: The RIBS IV Randomized Clinical Trial. ] Am
Coll Cardiol. 2015; 66(1): 23-33, doi: 10.1016/j.jacc.2015.04.063,
indexed in Pubmed: 26139054.

Rhee TM, Lee JM, Shin ES, et al. Impact of optimized procedure-
related factors in drug-eluting balloon angioplasty for treatment
of in-stent restenosis. JACC Cardiovasc Interv. 2018; 11(10):
969-978, doi: 10.1016/).jcin.2018.02.002, indexed in Pubmed:
29798774.

Muramatsu T, Tsukahara R, Ho M, et al. Efficacy of cutting
balloon angioplasty for in-stent restenosis: an intravascular ul-
trasound evaluation. J Invasive Cardiol. 2001; 13(6): 439-444,
indexed in Pubmed: 11385165.

Kufner S, Joner M, Schneider S, et al. ISAR-DESIRE 4 Investiga-
tors. Neointimal Modification With Scoring Balloon and Efficacy
of Drug-Coated Balloon Therapy in Patients With Restenosis in
Drug-Eluting Coronary Stents: A Randomized Controlled Trial.
JACC Cardiovasc Interv. 2017; 10(13): 1332-1340, doi: 10.1016/j.
jcin.2017.04.024, indexed in Pubmed: 28683939.

Gonzalo N, Barlis P, Serruys PW, et al. Incomplete stent ap-
position and delayed tissue coverage are more frequent in drug-
eluting stents implanted during primary percutaneous coronary
intervention for ST-segment elevation myocardial infarction
than in drug-eluting stents implanted for stable/unstable angina:
insights from optical coherence tomography. JACC Cardiovasc
Interv. 2009; 2(5): 445-452, doi: 10.1016/j.jcin.2009.01.012, in-
dexed in Pubmed: 19463469.

Nakazawa G, Finn AV, Joner M, et al. Delayed arterial healing and
increased late stent thrombosis at culprit sites after drug-eluting
stent placement for acute myocardial infarction patients: an au-
topsy study. Circulation. 2008; 118(11): 1138-1145, doi: 10.1161/
CIRCULATIONAHA.107.762047, indexed in Pubmed: 18725485.
Stone SG, Serrao GW, Mehran R, et al. Incidence, predictors,
and implications of reinfarction after primary percutaneous coro-
nary intervention in ST-segment-elevation myocardial infarc-
tion: the Harmonizing Outcomes with Revascularization and
Stents in Acute Myocardial Infarction Trial. Circ Cardiovasc
Interv. 2014; 7(4): 543-551, doi: 10.1161/CIRCINTERVEN-
TIONS.114.001360, indexed in Pubmed: 24939928.

Frobert O, Lagerqvist Bo, Olivecrona GK, et al. TASTE Trial.
Thrombus aspiration during ST-segment elevation myocardial
infarction. N Engl ] Med. 2013; 369(17): 1587-1597, doi: 10.1056/
NEJMo0al308789, indexed in Pubmed: 23991656.

Higuma T, Soeda T, Yamada M, et al. Does residual thrombus
after aspiration thrombectomy affect the outcome of primary PCI
in patients with ST-segment elevation myocardial infarction? An
optical coherence tomography study. JACC Cardiovasc Interv.
2016; 9(19): 2002-2011, doi: 10.1016/].jcin.2016.06.050, indexed
in Pubmed: 27712735.

Jolly SS, Cairns JA, Yusuf S, et al. TOTAL Investigators. Ran-
domized trial of primary PCI with or without routine manual
thrombectomy. N Engl J Med. 2015; 372(15): 1389-1398, doi:
10.1056/NEJMo0al415098, indexed in Pubmed: 25853743.

De Luca G, Suryapranata H, Stone GW, et al. Coronary stent-
ing versus balloon angioplasty for acute myocardial infarction:
a meta-regression analysis of randomized trials. Int J Cardiol.
2008; 126(1): 37-44, doi: 10.1016/j.ijcard.2007.03.112, indexed
in Pubmed: 17544528.

Vos NS, Fagel ND, Amoroso G, et al. Paclitaxel-Coated balloon
angioplasty versus drug-eluting stent in acute myocardial in-

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

farction: the REVELATION randomized trial. JACC Cardiovasc
Interv. 2019; 12(17): 1691-1699, doi: 10.1016/;.jcin.2019.04.016,
indexed in Pubmed: 31126887.

Wohrle J, Werner GS. Paclitaxel-coated balloon with bare-metal
stenting in patients with chronic total occlusions in native coro-
nary arteries. Catheter Cardiovasc Interv. 2013; 81(5): 793-799,
doi: 10.1002/ccd.24409, indexed in Pubmed: 22511572.

Koln PJ, Scheller B, Liew HB, et al. Treatment of chronic total
occlusions in native coronary arteries by drug-coated balloons
without stenting - A feasibility and safety study. Int J Cardiol.
2016; 225: 262-267, doi: 10.1016/.ijcard.2016.09.105, indexed
in Pubmed: 27741486.

Shin ES, Ann SH, Balbir Singh G, et al. Fractional flow reserve-
guided paclitaxel-coated balloon treatment for de novo coronary
lesions. Catheter Cardiovasc Interv. 2016; 88(2): 193-200, doi:
10.1002/ccd.26257, indexed in Pubmed: 26423017.

De Bruyne B, Pijls NHJ, Kalesan B, et al. FAME 2 Trial In-
vestigators. Fractional flow reserve-guided PCI versus medical
therapy in stable coronary disease. N Engl ] Med. 2012; 367(11):
991-1001, doi: 10.1056/NEJMo0al205361, indexed in Pubmed:
22924638.

Chung JH, Shin ES, Her AY, et al. Instantaneous wave-free ratio-
guided paclitaxel-coated balloon treatment for de novo coronary
lesions. Int J Cardiovasc Imaging. 2020; 36(2): 179-185, doi:
10.1007/s10554-019-01707-5, indexed in Pubmed: 31598811.
Collet C, Onuma Y, Sonck ], et al. Diagnostic performance of
angiography-derived fractional flow reserve: a systematic re-
view and Bayesian meta-analysis. Eur Heart J. 2018; 39(35):
3314-3321, doi: 10.1093/eurheartj/ehy445, indexed in Pubmed:
30137305.

Xu Bo, Tu S, Qiao S, et al. Diagnostic accuracy of angiography-
based quantitative flow ratio measurements for online assess-
ment of coronary stenosis. ] Am Coll Cardiol. 2017; 70(25):
3077-3087, doi: 10.1016/j.jacc.2017.10.035, indexed in Pubmed:
29101020.

Daemen ], Wenaweser P, Tsuchida K, et al. Early and late coro-
nary stent thrombosis of sirolimus-eluting and paclitaxel-eluting
stents in routine clinical practice: data from a large two-insti-
tutional cohort study. Lancet. 2007; 369(9562): 667-678, doi:
10.1016/S0140-6736(07)60314-6, indexed in Pubmed: 17321312.
von Birgelen C, van der Heijden LC, Basalus MWZ, et al. Five-
Year outcome after implantation of zotarolimus- and everolimus-
eluting stents in randomized trial participants and nonenrolled
eligible patients: a secondary analysis of a randomized clinical
trial. JAMA Cardiol. 2017; 2(3): 268-276, doi: 10.1001/jamacar-
di0.2016.5190, indexed in Pubmed: 28114618.

Jeger RV, Farah A, Ohlow MA, et al. BASKET-SMALL 2 Inves-
tigators. Drug-coated balloons for small coronary artery disease
(BASKET-SMALL 2): an open-label randomised non-inferiority
trial. Lancet. 2018; 392(10150): 849-856, doi: 10.1016/S0140-
6736(18)31719-7, indexed in Pubmed: 30170854.

Hwang DS, Shin ES, Kim SJ, et al. Early differential changes in
coronary plaque composition according to plaque stability follow-
ing statin initiation in acute coronary syndrome: classification
and analysis by intravascular ultrasound-virtual histology. Yonsei
Med J. 2013; 54(2): 336-344, doi: 10.3349/ym;j.2013.54.2.336,
indexed in Pubmed: 23364965.

Ann SH, Balbir Singh G, Lim KH, et al. Anatomical and Physi-
ological Changes after Paclitaxel-Coated Balloon for Athero-
sclerotic De Novo Coronary Lesions: Serial IVUS-VH and FFR
Study. PLoS One. 2016; 11(1): 0147057, doi: 10.1371/journal.
pone.0147057, indexed in Pubmed: 26824602.

www.cardiologyjournal.org


http://dx.doi.org/10.1016/j.jacc.2015.04.063
https://www.ncbi.nlm.nih.gov/pubmed/26139054
http://dx.doi.org/10.1016/j.jcin.2018.02.002
https://www.ncbi.nlm.nih.gov/pubmed/29798774
https://www.ncbi.nlm.nih.gov/pubmed/11385165
http://dx.doi.org/10.1016/j.jcin.2017.04.024
http://dx.doi.org/10.1016/j.jcin.2017.04.024
https://www.ncbi.nlm.nih.gov/pubmed/28683939
http://dx.doi.org/10.1016/j.jcin.2009.01.012
https://www.ncbi.nlm.nih.gov/pubmed/19463469
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.762047
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.762047
https://www.ncbi.nlm.nih.gov/pubmed/18725485
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.114.001360
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.114.001360
https://www.ncbi.nlm.nih.gov/pubmed/24939928
http://dx.doi.org/10.1056/NEJMoa1308789
http://dx.doi.org/10.1056/NEJMoa1308789
https://www.ncbi.nlm.nih.gov/pubmed/23991656
http://dx.doi.org/10.1016/j.jcin.2016.06.050
https://www.ncbi.nlm.nih.gov/pubmed/27712735
http://dx.doi.org/10.1056/NEJMoa1415098
https://www.ncbi.nlm.nih.gov/pubmed/25853743
http://dx.doi.org/10.1016/j.ijcard.2007.03.112
https://www.ncbi.nlm.nih.gov/pubmed/17544528
http://dx.doi.org/10.1016/j.jcin.2019.04.016
https://www.ncbi.nlm.nih.gov/pubmed/31126887
http://dx.doi.org/10.1002/ccd.24409
https://www.ncbi.nlm.nih.gov/pubmed/22511572
http://dx.doi.org/10.1016/j.ijcard.2016.09.105
https://www.ncbi.nlm.nih.gov/pubmed/27741486
http://dx.doi.org/10.1002/ccd.26257
https://www.ncbi.nlm.nih.gov/pubmed/26423017
http://dx.doi.org/10.1056/NEJMoa1205361
https://www.ncbi.nlm.nih.gov/pubmed/22924638
http://dx.doi.org/10.1007/s10554-019-01707-5
https://www.ncbi.nlm.nih.gov/pubmed/31598811
http://dx.doi.org/10.1093/eurheartj/ehy445
https://www.ncbi.nlm.nih.gov/pubmed/30137305
http://dx.doi.org/10.1016/j.jacc.2017.10.035
https://www.ncbi.nlm.nih.gov/pubmed/29101020
http://dx.doi.org/10.1016/S0140-6736(07)60314-6
https://www.ncbi.nlm.nih.gov/pubmed/17321312
http://dx.doi.org/10.1001/jamacardio.2016.5190
http://dx.doi.org/10.1001/jamacardio.2016.5190
https://www.ncbi.nlm.nih.gov/pubmed/28114618
http://dx.doi.org/10.1016/S0140-6736(18)31719-7
http://dx.doi.org/10.1016/S0140-6736(18)31719-7
https://www.ncbi.nlm.nih.gov/pubmed/30170854
http://dx.doi.org/10.3349/ymj.2013.54.2.336
https://www.ncbi.nlm.nih.gov/pubmed/23364965
http://dx.doi.org/10.1371/journal.pone.0147057
http://dx.doi.org/10.1371/journal.pone.0147057
https://www.ncbi.nlm.nih.gov/pubmed/26824602

INTERVENTIONAL CARDIOLOGY

VEY

VIA MEDICA

RESEARCH LETTER

Cardiology Journal

2021, Vol. 28, No. 4, 623-626
DOI: 10.5603/CJ.a2021.0038
Copyright © 2021 Via Medica
ISSN 1897-5593

elSSN 1898-018X

Three-dimensional reconstruction of conventional
catheter angiography-identified coronary artery
aneurysms and ectasias

Jakub Chmiel'®, Krzysztof Piotr Malinowski*®, Kacper Milosz Ksigzek',
Grazyna Wnuk', Jagoda Dradrach’, Klaudia Proniewska®,
Lukasz Partyka®, Kenneth Rosenfield’, Piotr Musiatek'

"Department of Cardiac and Vascular Diseases, Jagiellonian University Medical College,
John Paul II Hospital, Krakow, Poland
*Second Department of Cardiology, Jagiellonian University Medical College, Krakow, Poland
*KCRI Angiographic Corelab and Division of Statistics, Krakow, Poland
‘Jagiellonian University Medical College, Department of Bioinformatics and Telemedicine, Krakow, Poland
*Department of Cardiology, Massachusetts General Hospital, Boston, United States

Coronary artery aneurysms and ectasias
(CAAE) occur in the course of atherosclerotic or
connective tissue/inflammatory disease [1]. Focal
dilations > 1.5 times greater than the adjacent seg-
ments’ reference diameter (RD) are typically de-
scribed as an ‘aneurysms’ (example in Fig. 1A, B),
whereas the term ‘ectasia’ is usually used for dif-
fuse and long-segmental dilations [2].

Coronary artery aneurysms and ectasias are
mostly incidental findings of conventional coronary
artery angiography (CAG, 1.2-4.9%) [1]. Some
CAAEs occur in relation to coronary stenosis [1].
CAEAs disturb coronary flow and may enhance
thrombus formation, serving as a culprit for acute
myocardial infarction and sudden cardiac death [1, 3].
Furthermore, CAAE progressive enlargement may
result in its rupture and cardiac tamponade [1].
A significant diagnostic and clinical problem
of CAAE [1] starts with the present lack of
a standardized definition; an issue largely related
to limitations of CAAE characterization using CAG
planar images [2]. Indeed, conventional (catheter)
CAG characterization of CAAEs may be prone to
significant errors [2, 4].

In a series of consecutive CAGs in our data-
base [5], we evaluated the feasibility of routine

three-dimensional (3D) CAAE characterizations
using a commercially available 3D image angio-
graphic reconstruction system (CAAS Workstation
7.4, Pie Medical Imaging, The Netherlands). The
system is semi-automated; it involves identification
of the region of interest and delineation of CAAE
and reference segments [4]. To enable 3D recon-
struction (3DR), the software requires calibration
and planar image characteristics including rotation
and angulation details [6]. Specifically, a ‘green-
-zone’ for 3DR feasibility needs to be established,
with the two planes having a difference of at least
30 degrees as a fundamental requirement [6].

Beyond routine CAAE characteristics such as
the feeding vessel RD, CAAE mean diameter, maxi-
mal diameter and length, several new parameters
were evaluated such as the length of CAAE seg-
ment, with dilation exceeding the RD > 1.0-fold,
> 1.5-fold, and > 2.0-fold. Measurements were
performed with the agreement of two angiographic
Corelab analysts.

Out of 20 consecutive CAAE angiograms in
the sample, 15 (75%) were suitable for 3DR as
per the software-demanded parameters. The rea-
sons for 3DR unsuitability were as follows: lack of
the software ‘green-zone’ for any of the available
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Figure 1. Typical example of coronary artery aneurysms and ectasias (CAAE) raw planar images and three-dimensional
(3D) reconstruction (3DR), and the individual data charts for all studied CAAEs; A-C. Typical example of an CAAE
two-dimensional (2D) planar images (A, B) and its 3DR (C); D-E. Relations between the 2D and 3D numeric values for
CAAE (D) reference diameter, (E) maximal diameter and (F) length.

two-dimensional (2D) projections (3 out of 5 cases), branch of another artery in one of the two projec-
poor recording quality in one of the two required tions in the ‘green’ zone (1 case). Table 1 shows, for
projections (1 case) and CAEA overlap with a large each major coronary segment, suggested projec-
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Table 1. Guideline on two-dimensional angiography projections spatial distribution to enable three-
-dimensional reconstruction (as per each major coronary segment). According to [6] (modified).
Note that per-patient optimal angulations may vary, and an adjustment of the projection(s) may

be needed.

Coronary artery

Projection 1

Projection 2

Left main and bifurcation
Left circumflex artery
LAD and diagonal(s)
RCA proximal, RCA mid
RCA distal

RAO 20, caudal 40
LAO 10, caudal 25
RAO 0, cranial 40
LAO 40, caudal 0
LAO 40, caudal 0

RAO 0, caudal 10
RAO 25, caudal 25
RAO 30, cranial 15
RAO 0, caudal 0
LAO 30, caudal 30

LAD — left anterior descending artery; LAO — left anterior obilque; RAO — right anterior obilque; RCA — right coronary artery

tions to enable 3DR; these should be considered
in prospective data acquisition.

Significant stenoses (> 50% of lumen diame-
ter) were present at the proximal end in 6 and distal
end in 4 CAAEs, with both in 1 CAAE. One-third
CAAEs had a maximal diameter > 2 times greater
than RD. 3DR average values (range) [mm] were as
follows: RD 2.52 (1.51-3.62), mean diameter 3.90
(2.45-5.45), maximal diameter 4.89 (3.01-6.71),
length 13.05 (4.15-25.27), length of segment
dilated > 1 RD 12.10 (3.52-24.01), > 1.5 RD 7.94
(2.31-22.11), and > 2 RD 3.89 (3.25-6.49). The
CAAE volume, as obtained via 3D reconstruc-
tion, was 144.86 (33-402) mm®. The following
differences between the 2D and 3D parameters
[mm] were identified: RD 0.05 (0.02-0.09; 2.30%;
p = 0.0072), mean diameter 0.12 (0.01-0.22; 2.84%;
p = 0.0312), maximal diameter 0.22 (0.12-0.32;
4.19%; p = 0.0004), length —-0.69 (-1.30 — —0.08;
-5.50%;p = 0.0284),length of fragment dilated > 1RD
-0.77 (-1.32--0.22; -7.61%; p = 0.0095), > 1.5RD
-0.22 (-0.82 — -0.38; p = 0.4404) and > 2 RD
0.08 (-0.29-0.14; 11.84%; p = 0.4566). Individual
relations between the 2D and 3DR numeric values
for CAAE RD, maximal diameter and length are
shown in Figure 1.

Principal findings from this work, evaluating
performance of an angiographic 3DR software in
relation to its application for CAAE characteristics,
are the following: (1) CAAE 3DR appears feasible
for a majority of CAAEs identified on routine
CAG; (2) numeric parameters of 3D-reconstructed
CAAEs are not a “simple” mean of those in 2D
projections; and (3) not infrequently (> 40%, see
Fig. 1D-F) the numeric values of 3D assessment
fall outside the 2D planar values (Fig. 1D-F), sug-
gesting potential new information from 3DR. In
addition, 3DR enabled evaluation of the CAAE vol-
ume; a parameter not available on 2D projections

that may have a prognostic value [1, 2]. Despite the
fact that the 2D and 3D parameters appeared sig-
nificantly correlated, some 3D measurements fell
below conventional CAG measurements whereas
others fell above (Fig. 1). Thus, on 3DR, CAEAs
may tend to appear longer and narrower than on
plain 2D projections; an observation that requires
further elucidation.

While these findings require confirmation in
a larger CAAE series in relation to computed
tomography angiography (CTA), their consist-
ency in the present sample of unselected routine
angiograms with CAAE suggests that CAAE 3DR
based on standard CAG images might provide new
information relevant to monitoring the course
of the disease and patient risk. Indeed, autopsy
data show that CAAEs often have a complex 3D
structure whose prior knowledge would have, in
a proportion of cases, affected management [2].
Optimizing the methodology of CAAEs qualitative
and quantitative evaluation based on routine image
acquisition may play a role in both triggering the
intervention and selecting the type of intervention
(percutaneous vs. surgical) [2]. Stent revasculari-
sation of lesions involving CAAE poses particular
difficulties in relation to stent sizing (diameter,
length) and the risk (and consequences) of stent
malapposition [7]. On the other hand, aneurysm
formation may occur as a late complication of (drug-
eluting in particular) stent use [8].

Computed tomography angiography is today
the #1 tool to obtain CAAE 3D characteristics [4].
CTA, however, it is not performed prior to CAG
identification of CAAE but, rather, as a subsequent
step in arbitrarily selected cases [9]. Importantly,
CTA resolution is > 2-fold lower than that of CAG
(= 0.5 vs. # 0.2 mm) [6, 7], and CTA is prone to
gating-related (increased heart rate, arrhythmias)
and calcifications-related artifacts [4]. Further-
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more, CTA following CAG requires another con-
trast medium dose and X-ray exposure [10]. For
these reasons it would be of interest to employ 3D
reconstructions as a potential replacement of CTA
verification or as a guidance to selective CTA use.
This is one of the major issues of interest today
[9, 10]; thus CAAE 3D reconstruction against CTA
in a larger series of patients is required to fully
validate this method.

In conclusion, present findings indicate that
CAAE 3DR using routinely-acquired planar CAG
images may be feasible for a majority of CAAE
identified on CAG. In a significant proportion of
CAAEs, the numeric values of (both the conven-
tional and novel) CAAE parameters may fall beyond
the 2D projection values. Thus, 3DR may provide
information quantitatively (and perhaps prognosti-
cally) different from the one based on analysis of
standard 2D images.
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To achieve more satisfactory outcomes,
healthcare providers need to communicate with
the patients effectively, mainly in terms of lan-
guage used between both parties [1]. Numerous
studies have revealed that medical jargon may be
highly incomprehensible for patients, and the less-
educated and marginalized groups are particularly
sensitive to this kind of communication [2]. The
language used in patient materials includes difficult
terms which cannot be easily understood without
a formal education and this may be the reason why
drug leaflets — the primary source of drug-related
information for most patients — are considered
unfriendly for their users [3]. Low readability of
drug leaflets is associated with poorer patient
adherence to recommended therapy; thus, it can
have a significant impact on achieved outcomes,
and the rate of therapeutic success, particularly in
chronic diseases [4]. Different techniques aimed
at evaluating the readability of written texts have
been widely used in medicine and pharmacy for
more than two decades. Among other tools, the
Gunning Fox Index (FOG index) is one of the
most frequently applied in modern linguistics [5].
What should be emphasized here, in our opinion,
readability is also important from an ethical point
of view. Participants in clinical trials should pro-
vide informed consent before being introduced to
a study or control group. Informed consent, how-
ever, is also the matter of language which is used
between trialists and patients; the use of difficult

language may limit a patient’s ability to provide
informed consent.

The presented study aimed at comparing Pol-
ish and English (United Kingdom) drug leaflets
(patient-oriented documents) in terms of readabil-
ity. Readability was investigated using the above-
mentioned FOG index. The selection of leaflets
was based on convenient sampling. In each case,
a different part of the leaflets was selected. More-
over, in terms of language variation, the analogous
part of drug leaflets was used to achieve greater
opportunities to compare the results. English
texts were analysed using http://gunning-fog-
index.com/; Polish by using http:/www.jasnopis.
pl. Jasnopis provides additional comments which
were attached to the analysis (qualitative analysis).
Results were presented in additional comments
corresponding to United States of America grade
level, and explanation obtained from the Jasnopis
website. Three drug leaflets were selected: drugs
containing i) metoprolol tartrate — in this case,
warnings and precautions were analysed; ii) carve-
dilol — indications were analysed so as to evaluate
readability, and iii) a fixed-dose combination (FDC)
contains three active pharmaceutical ingredients
(a combination of perindopril, indapamide, and
amlodipine was selected) — ‘how to take the drug’
section was analysed.

Table 1 summarizes the findings revealed by
our analysis. First of all, the overall value of the
FOG index should be considered as relatively too
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Table 1. Results of analysis.

Extract

Result and interpretation

1a

Do not take Metoprolol Tartrate tablets if you.

Are allergic to metoprolol, other beta-blockers or any other
ingredients of this medicine (listed in section 6).

Suffer with heart conduction or rhythm problems.

Have severe or uncontrolled heart failure.

Are in shock caused by heart problems.

Suffer with blocked blood vessels, including blood circulation
problems (which may cause your fingers and toes to tingle

or turn pale or blue).

Have a slow heart rate or have suffered a heart attack which has

been complicated by a significantly slow heart rate.

Suffer from a tight, painful feeling in the chest in periods of rest

(Prinzmetal’s angina).

Have or have had breathing difficulties or asthma including COPD
(chronic obstructive pulmonary disease).
Causing cough, wheezing or breathlessness, phlegm or an increase

in chest infections).

Suffer with untreated phaeochromocytoma (high blood pressure due

to a tumour near the kidney).

Suffer from increased acidity of the blood (metabolic acidosis).

Have low blood pressure.

Suffer with diabetes associated with frequent episodes of low blood

sugar (hypoglycaemia).
Have liver or kidney disease or failure.

Are given other medicines for blood pressure by injection especially

verapamil, diltiazem or disopyramide.

The FOG index is: 12.16 (12)

The number of words in extract:
187.

The number of 3+ syllable words:
35.

High school senior.

Fairly simple language, understand-
able for high school students.

1b

Kiedy nie stosowac leku Betaloc ZOK.

Jesli pacjent ma uczulenie na metoprololu winian lub ktérykolwiek
z pozostatych sktadnikéw tego leku (wymienionych w punkcie 6).

Jesli pacjent ma uczulenie na inne leki blokujgce receptory

Jesli u pacjenta wystepuje.
Wstrzas kardiogenny.

Zespot chorego wezta zatokowego (chyba ze wszczepiony jest

rozrusznik serca).

p-adrenergiczne, np. atenolol, propranolol.

Blok przedsionkowo-komorowy Il lub Ill stopnia.

Niewyrownana niewydolnos$¢ serca (dusznos¢, obrzek okolicy

kostek).

Bradykardia (zwolnienie rytmu serca ponizej 45 skurczéw na minute).
Bardzo niskie cisnienie tetnicze, ktére moze powodowaé omdlenie.

Ciezkie zaburzenia krazenia w tetnicach obwodowych.

Kwasica metaboliczna.

Nieleczony guz chromochtonny nadnerczy.

Podejrzenie swiezego zawatu miesnia sercowego, jesli czynnos¢ serca
jest wolniejsza niz 45 skurczow na minute, odstep PQ jest dtuzszy
niz 0,24 s lub cisnienie skurczowe jest mniejsze niz 100 mmHg.

Jesli pacjentowi podawane sg (krotko- lub dtugotrwale) leki o dziataniu
inotropowym dodatnim, pobudzajace receptory g-adrenergiczne.

The FOG index is: 11.94 (12)
The number of words in extract:
131.
The number of 4+ syllable words:
17.
High school senior.
Fairly simple language, understand-
able for high school students.
Additional comments from
Jasnopis:
— the text should be considered as
difficult for average Polish user,
— significantly more difficult parts
of the text were highlighted
in bold font (typeface).

2a

Talk to your doctor or pharmacist before using Metoprolol Tartrate

50 mg tablets if you.

Have a history of allergic reactions, for example to insect stings,

foods or other substances.

Have diabetes mellitus (low blood sugar levels may be hidden by

this medicine).
Have controlled heart failure.

Have a slow heart rate or blood vessel disorder.

Suffer from treated phaeochromocytoma (high blood pressure

due to tumors near the kidney).

Have or have suffered from psoriasis (severe skin rashes).

Have liver cirrhosis.

Are elderly.

Have myasthenia gravis.

If you suffer from dry eyes.

The FOG index is: 9.33 (9)

The number of words in extract:

92.

The number of 3+ syllable words:
13.

High school freshman.

Simple language understandable for
junior high school pupils.
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Table 1 (cont.). Results of analysis.

Extract Result and interpretation

2b  Przed rozpoczeciem stosowania leku Betaloc ZOK nalezy omoéwié to The FOG index is: 9.68 (10)
z lekarzem. Nalezy poinformowac lekarza, jesli u pacjenta wystepuje. The number of words in extract:
Astma oskrzelowa, $wiszczacy oddech lub inne, podobne zaburzenia  87.
oddychania albo reakcje alergiczne, np. na jad owadoéw, pokarm lub The number of 4+ syllable words:
inne substancje. Jesli u pacjenta kiedykolwiek wystgpit napad ast- 4,
matyczny lub $wiszczagcy oddech — nie nalezy stosowac tego leku High school sophomore.
bez konsultacji z lekarzem. Simple language understandable for
Bdl w klatce piersiowej, spowodowany dtawica Prinzmetala. high school pupils.
Zaburzenia krazenia lub niewydolnosé serca. Additional comments from Jasnopis:
Choroba watroby. — the text should be considered as
Blok serca I° (zaburzenia przewodzenia w sercu). difficult for average Polish user,
Chromanie przestankowe (meczenie sie i stabniecie jednej lub obu — significantly more difficult parts
ndg podczas chodzenia). of the text were highlighted in
Cukrzyca (lekarz moze zaleci¢ zmiane dawek lekéw przeciwcukrzycowych). bold font (typeface).
Nadczynnos¢ tarczycy — lek Betaloc ZOK moze maskowaé objawy.
Guz chromochtonny nadnerczy.
tuszczyca.

3a  Carvedilol belongs to a group of medicines called beta-blockers that The FOG index is: 11.43 (11)
work by relaxing and widening the blood vessels. This makes it easier The number of words in extract:
for your heart to pump blood around the body and reduces blood 98.
pressure and strain on your heart. The number of 3+ syllable words:
Carvedilol is used: 12.
For the treatment of high blood pressure (hypertension). High school junior.
For the treatment of chest pain that occurs when the arteries that Simple language understandable
supply your heart with blood carrying oxygen are narrowed which for high school pupils.
results in less oxygen reaching your heart muscles (angina).
For the treatment of weakening of the heart muscle (heart failure),
in combination with other medicines.

3b  Lek Dilatrend w postaci tabletek o mocy 6,25 mg, 12,5 mg lub 25 mg  The FOG index is: 13.43 (13)
zawiera substancje czynna. The number of words in extract:
Karwedylol, ktérego dziatanie polega na rozszerzaniu naczyn 81.
krwionosnych poprzez blokowanie receptoréw adrenergicznych The number of 4+ syllable words:
typu alfa1 oraz hamowaniu aktywnosci uktadu renina—angioten- 8.
syna-aldosteron poprzez blokade receptoréw beta. College freshman.
Lek Dilatrend wskazany jest w leczeniu. A language quite difficult, under-
Przewlektej niewydolnosci serca (stabilnej postaci przewlektej standable for undergraduate stu-
niewydolnosci serca o tagodnym, umiarkowanym i ciezkim dents.
nasileniu), jako uzupetnienie zazwyczaj stosowanego leczenia Additional comments from Jasnopis:
podstawowego. — very complicated and profession-
Nadcis$nienia tetniczego. al text, understanding of which may
Stabilnej choroby wiencowe;. require specialist knowledge,
Pacjentow po przebytym zawale mie$nia serca ze stwierdzonymi — significantly more difficult parts
zaburzeniami czynnosci lewej komory (frakcja wyrzutowa lewej ko- of the text were highlighted in bold
mory (LVEF) < 40%). font (typeface).

4a  Always take this medicine exactly as your doctor or pharmacist has The FOG index is: 11.97 (12)

told you.

Check with your doctor or pharmacist if you are not sure.

Swallow the tablet with a glass of water preferably in the morning and
before a meal. Your doctor will decide on the correct dose for you.
This will normally be one tablet once a day.

If you take more Coverdine than you should.

Taking too many tablets may cause you blood pressure to become
low or even dangerously low sometimes associated with nausea,
vomiting, cramps, dizziness, sleepiness, mental confusion, oliguria
(passing less urine than is normal), anuria (no production or passing
of urine). You may feel lightheaded, faint, or weak. If blood pressure
drop is severe enough shock can occur. Your skin could feel cool and
clammy and you could lose consciousness. Seek immediate medical
attention if you take too many Coverdine tablets.

If you forget to take Coverdine.

The number of words in extract:
243.

The number of 3+ syllable words:
38.

High school senior.

www . cardiologyjournal.org
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Table 1 (cont.). Results of analysis.

Extract

Result and interpretation

It is important to take your medicine every day as regular treatment
is more effective. However, if you forget to take a dose of Coverdine,
take the next dose at the usual time. Do not take a double dose to
make up for a forgotten dose.

If you stop taking Coverdine.

As the treatment for high blood pressure is usually life-long, you
should discuss with your doctor before stopping this medicinal
product.

If you have any further questions on the use of this medicine,

ask your doctor, pharmacist or nurse.

4b

Ten lek nalezy zawsze stosowac zgodnie z zaleceniami lekarza lub
farmaceuty. W razie watpliwosci nalezy zwréci¢ sie do lekarza lub far-
maceuty. Tabletke nalezy potkngé, popijajac szklankg wody, najlepiej

rano, przed positkiem. Lekarz okresli odpowiednig dawke dla pacjenta.

Zazwyczaj zalecana dawka to jedna tabletka raz na dobe.
Zastosowanie wiekszej niz zalecana dawki leku Triplixam.

Zazycie zbyt wielu tabletek moze spowodowag, ze ci$nienie tetnicze
obnizy sie, nawet w niebezpiecznym stopniu, czemu czasami moga
towarzyszy¢ nudnosci, wymioty, kurcze, zawroty gtowy, sennos¢,
dezorientacja, skapomocz (wydalanie mniejszej ilo$ci moczu niz
zwykle), bezmocz (brak wytwarzania lub wydalania moczu). Pacjent
moze odczuwacé ,pustke” w gtowie, moze wystgpi¢ uczucie omdle-
wania lub stabniecia. Jesli obnizenie ci$nienia tetniczego jest znaczne,
moze wystgpi¢ wstrzags, w przypadku ktérego skora staje sie chfodna

i wilgotna, a pacjent moze straci¢ przytomnos¢. W razie zazycia zbyt
wielu tabletek leku Triplixam nalezy niezwtocznie skontaktowaé sie

z lekarzem lub zgtosi¢ sie do oddziatu pomocy doraznej najblizszego
szpitala.

Pominiecie przyjecia leku Triplixam.

Wazne jest, aby przyjmowac lek codziennie, poniewaz regularne sto-
sowanie zapewnia skuteczniejsze dziatanie. Jesli jednak pominie sig
dawke leku Triplixam, nastepng dawke nalezy przyja¢ o zwyktej porze.
Nie nalezy stosowaé dawki podwadjnej w celu uzupetnienia pominietej
dawki.

Przerwanie stosowania leku Triplixam.

Leczenie wysokiego cisnienia tetniczego jest zwykle dtugotrwate, dla-
tego przed przerwaniem przyjmowania tego leku nalezy skontaktowaé
sie z lekarzem. W razie jakichkolwiek dalszych watpliwosci zwigzanych
ze stosowaniem tego leku nalezy zwréci¢ sie do lekarza, farmaceuty
lub pielegniarki.

The FOG index is: 13.01 (13)

The number of words in extract:
230.

The number of 4+ syllable words:
6.

College freshman.

A language quite difficult, under-
standable for undergraduate stu-
dents.

Sources of extracts: 1a — English version — metoprolol — precautions; 1b — Polish version — metoprolol — precautions; 2a — English
version — metoprolol — warnings; 2b — Polish version — metoprolol — warnings; 3a — English version — carvedilol — indication(s);

3b — Polish version — carvedilol — indication(s); 4a — English version — fixed-dose combination — how to take the drug/use of drug;
4b — Polish version — fixed-dose combination — how to take the drug/use of drug

high and varies from the language understood by
junior high school pupils (metoprolol, English
leaflet) to language which is comprehended by un-
dergraduate students (FDC, Polish leaflet). Taking
into consideration that a relatively significant part
of society may not achieve these levels of educa-
tion, the language used in drug leaflets, at least
those under evaluation, seem to be too difficult.
Moreover, the present findings significantly exceed
the readability guidelines authorized by the Na-
tional Institutes of Health and the American Medi-
cal Association, which strongly recommend that
these kinds of documents should not be written
at greater than a sixth-grade reading level (lower
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intermediate level) [6]. Since overall capacity for
understanding medical information deteriorates
with aging, and the use of drugs is more frequent
among the elderly, current findings revealed that
the situation seems to be even worse than it would
have, resulting from a simple analysis of the as-
sociation between the complexity of language
and level of education. Moreover, the number of
complex words, though defined differently in Polish
and English, varies from 4 to 38; still, this number
might be considered too high, and the language
requires substantial simplification. Although the
aim of this paper is not qualitative, some qualita-
tive aspects should be mentioned, at least briefly.
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Polish drug leaflets contain some highly specialized
vocabulary, which is understood only by people
with a medical background. Among other exam-
ples, it is worth citing the following expressions:
‘blok przedsionkowo-komorowy II lub III stopnia,
wstrzgs kardiogenny, niewyrownana niewydolnosc
serca’ (as it was used in the analyzed material).
Hopefully, in the last example, the drug leaflet
contains symptoms of unstable heart failure, which
may be helpful for patients to correctly recognize
their condition. ‘Guz chromochionny nadnerczy’ is
a term recognized in both language versions;
however, in the English one, an easier descrip-
tive form was added: ‘high blood pressure due to
a tumor near the kidney’. This explanation does
not denote an explanation of the disease, rather is
focused on the most important and life-threatening
symptoms of the tumor, particularly important
from the perspective of drug-disease interaction.
This approach is also identified in the case of
a more common disease (psoriasis); symptoms
of this condition were described in the English
version. Finally, the Polish sentences are signifi-
cantly longer than English, which can be seen in
this example: ‘podejrzenie Swiezego zawalu migsnia
sercowego, jesli czynnosc serca jest wolniejsza niz
45 skurczow na minute, odstep PQ jest dluzszy niz
0,24 s lub cisnienie skurczowe jest mniejsze niz
100 mmHg’ (as it was used in the analyzed mate-
rial). This sentence contains highly precise values,
which are difficult for patients to interpret.
Numerous studies have revealed that patient-
-oriented documents contain difficult language
which may be an important problem for patients.
Huang et al. [7] revealed that ophthalmologic on-
line patient education materials are written in the
style highly above that recommended by experts;
in terms of the FOG index, authors estimated it in
the range from 12.4 to 18.4, which is even higher
than noticed in this study. A level higher than rec-
ommended was also observed in a similar study
aimed at evaluating the readability of online patient
information for vestibular schwannoma [5]. Also,
materials for pregnant women are provided above
recommendations, and only 0.5% of materials ana-
lyzed by Storr et al. [8] were written below grade
six. Even documents provided by the medical as-
sociation need substantial improvement in terms of
readability as it was depicted by Betschart et al. [9],
who highlighted some improvements in quality
of documents prepared by European Association

of Urology; however, much more effort should be
paid in order to achieve acceptable transparency.

Although the value of the FOG index of both
analyzed language variation is comparable, the
qualitative analysis revealed that the Polish lan-
guage version seems to be more difficult for
patients, due to the significant number of highly-
-specialized vocabulary, length of sentences, and
lack of easy explanations of some medical terms.
Nevertheless, a more advanced analysis should be
performed to provide further more valid evidence,
e.g. different kinds of research tools may add new
relevant findings. It is worth remembering that the
present study is exploratory.
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after drug-coated balloon treatment for
an isolated ostial lesion of a diagonal branch
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A 55-year-old man was admitted with worsen-
ing effort angina for over 1 week. Hypertension
was the only coronary risk factor in this patient,
and resting electrocardiography and echocardio-
graphy findings, as well as cardiac enzyme levels
were normal. Coronary angiography revealed ostial
stenosis of the first diagonal branch (90% diameter
narrowing) (Fig. 1A, Suppl. Video 1). The patient
declined complex stent implantation but agreed
to receive drug-coated balloon (DCB) treatment.
Informed consent was obtained, and the patient
underwent careful evaluation.

The ostium of the diagonal branch was dilated
several times using a 3.0 X 13 mm scoring balloon
at a pressure of 10 atm, followed by placement
of a DCB (3.0 x 20 mm), which was inflated to
a pressure of 8 atm for 60 s. Final angiography
revealed no significant dissection or residual ostial

stenosis of the diagonal branch and the main ves-
sel of the left anterior descending artery (Fig. 1B,
Suppl. Video 1). Intravascular ultrasound revealed
increased luminal area with plaque dissection at the
ostium of the diagonal branch (Fig. 1B4, arrow),
and the patient’s angina was resolved. Nine-month
follow-up angiography (Fig. 1C, Suppl. Video 1)
and intravascular ultrasound findings confirmed ex-
cellent results with plaque reduction (Fig. 1C1-C5)
and a healed dissected ostial plaque (Fig. 1C4).
Percutaneous coronary intervention for isolated
ostial lesions is challenging. It was observed that
DCB treatment resulted in a significant reduction
in the plaque burden with ostial lumen enlargement
without any left anterior descending artery compro-
mise. These findings suggest that DCB treatment
may potentially be indicated for ostial lesions, par-
ticularly in patients who refuse to undergo stenting.
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Figure 1. Pre-procedure images (A), post-drug-coated balloon treatment images (B), follow-up angiographic images (C),
and those coupled with serial corresponding intravascular ultrasound images. Nine-month follow-up intravascular
ultrasound showing significantly increased luminal area with a decreased plaque area at the ostium of the diagonal
branch without a significant change in the main vessel of the left anterior descending artery; V — vessel area (mm?);
L — lumen area (mm?); PB — plaque burden (%).
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Intravascular lithotripsy of an underexpanded
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atherectomy in a patient with severely

calcified coronary artery
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A 66-year-old man with hypertension was ad-
mitted to hospital with non-ST-segment elevation
myocardial infarction. Emergency coronary angio-
graphy demonstrated critical stenosis in the medial
and distal segment of the right coronary artery
(RCA) (Fig. 1A). During the same procedure rota-
tional atherectomy was unsuccessfully attempted,
because the RotaWire guide wire (Boston Scientific,
Marlborough, USA) did not reach the distal part of
the RCA. One month later another RCA rotational
atherectomy was attempted using the RotaLink
System (Boston Scientific, Marlborough, USA).
Rotablation with 1.5 burr was performed followed
by predilatation with two noncompliant (NC) bal-
loons (2.5 X 20 mm) and (3.0 X 20 mm) (Fig. 1B).
Afterwards, two drug-eluting stents (Onyx, USA)
(3.0 x 30 mm) distally and (3.5 X 38 mm) proxi-
mally were implanted. Despite postdilatation with
NC balloons (3.5 X 12 mm, 14 atm and 4.0 X
X 12 mm, 24 atm) it was not possible to expand
the proximal stent optimally (Fig. 1C).

In the next step, we decided to attempt adjunc-
tive intravascular lithotripsy for stent optimaliza-
tion in the proximal RCA. Shockwave halloon was
delivered in the underexpanded stent and 8 rounds
of 10 pulses were applied (with balloon inflation at
2-4-6 atm) (Fig. 1D). Postdilatation with a NC high-
-pressure balloon 4.0 X 12 mm (infl. 18-20 atm)
was used to optimize the final result (Fig. 1E).
The angiography confirmed significant expansion
of the implanted stent with residual 20% diameter
stenosis (Fig. 1F).

Rotational atherectomy was performed to
reduce the volume of calcium in the vessel
and to prepare it for the stent implantation.
However, massive calcification of the RCA was
a major obstacle for the optimal stent expansion
despite NC balloons for the postdilatation ap-
plied. The intravascular lithotripsy procedure
is an alternative for the management of stent
underexpansion due to calcific coronary artery
disease.
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Figure 1. A. Severely calcified artery disease at the medial and distal part of the right coronary artery (RCA); B. Rota-
tional atherectomy with 1.5 burr; C. Underexpanded proximal stent in the RCA — CLEAR stent view; D. Angiography
after intravascular lithotripsy on CLEAR stent visualization; E. Postdilatation with 4.0 noncompliant high-pressure
balloon; F. Final angiographic result.
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The focal takotsubo syndrome presenting
with the snail-like left ventricle

Alicja Genc®, Jakub Sobolewski, Witold Bachorski,
Izabela Pisowodzka, Mitosz Jaguszewski, Marcin Fijatkowski

First Department of Cardiology, Medical University of Gdansk, Poland
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Focal takotsubo syndrome (TTS) is a rare,
atypical type of TTS reported in 2004 as anterior
akinesis of the left ventricle (LV) with no coronary
changes. Based on the International Takotsubo
Registry, it occurs in about 1.5% of cases. To date,
this uncommon form has not been called anything
other than “focal”. Typical left ventricular apical
ballooning resembled a takotsubo (jap. tako — oc-
topus, tsubo — pot), hence the then-novel disease
was named after it. In our observation, the LV in
focal TTS can resemble a snail in imaging studies.

A 70-year-old female was referred to the
hospital due to severe angina. It started 2 days
before admission caused by severe emotional dis-
tress. The electrocardiogram showed ST-segment
elevation in leads II, III, and aVE, with a QTc inter-
val of 454 ms, a heart rate of 74 bpm and increased
high sensitivity troponin I levels (3.4 ng/mL),
while the maximum B-type natriuretic pep-

tide concentration did not exceed 120 pg/mL.
Vital signs remained stable. The patient was
subsequently qualified for urgent cardiac cath-
eterization, which revealed no obstructive coro-
nary artery disease and akinesis of the mid-
-anterior heart segment on ventriculography.
The LV shape during systole resembled a snail
(Fig. 1A, B, Suppl. Video 1). Echocardiography
confirmed the presence of LV anterior wall akine-
sis (Fig. 1C, D), which was visualized objectively
with longitudinal strain (Fig. 1E). However, the
echo abnormalities were transient — a feature
typical for TTS. The patient remained asymp-
tomatic and was discharged home on the 6™ day
of hospitalization. Contractile disfunction was not
observed after a 5-week follow-up.

In such cases, even if the initial imaging is
not typical for TTS (snail-like image) and clinical
suspicion is high, TTS should not be excluded.
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Figure 1. Ventriculography showing the snail-like shape of left ventricle (LV) and focal akinesis of its anterior wall in
systole (A) and LV in diastole (B). The same regional wall motion abnormalities were observed in echocardiography
during systole (C) and in diastole (D). White arrows mark the akinetic segment. Display of regional longitudinal strain
(Bull's Eye Plot) showed abnormal LV longitudinal strain, systolic lengthening of mid anterolateral segment (E).
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Acute coronary syndrome
featuring dynamic J waves

Andreas Y. Andreou?

"Department of Cardiology, Limassol General Hospital, Limassol, Cyprus

*University of Nicosia Medical School, Nicosia, Cyprus

A 59-year-old male patient with a history of
percutaneous coronary intervention (PCI) to the
left anterior descending (LAD) artery presented
because of angina at rest. Admission electrocardio-
graphy (ECG) (Fig. 1A) revealed at least 0.05 mV
ST-segment depression at the J point in leads II,
aVE aVL, I, and V3-V6, at least 0.1 mV ST-segment
elevation (STE) at the J point in leads aVR and
V1 with STE in lead aVR > V1 and notch-type ]
waves in leads aVL and I. Coronary angiography
performed due to refractory angina showed high-
grade lesions in the LAD and left circumflex (LCx)
arteries. Electrocardiography (Fig. 1B) after PCI
to a proximal LCx artery culprit lesion (Fig. 1C)
revealed resolution of ST-segment changes, reduc-
tion of ] waves amplitude in lead aVL and disap-
pearance of ] waves in lead I. His serum troponin I
peaked at 3.5 ng/mL (normal < 0.5 ng/mL). He was

discharged following staged PCI of the LAD artery
lesions (Fig. 1C).

Ischemia-induced ] waves have been widely
reported in vasospastic angina and less frequently
in acute myocardial infarction; in both these clinical
entities, they have been shown to confer an increased
risk of ventricular fibrillation. They are registered
in ECG leads facing the ischemic territory and fol-
lowed by STE in persistent ischemia. Accordingly,
ischemia-induced J waves would be useful in local-
izing the infarct-related artery. The dynamic ] waves
presented herein were clearly ischemia-induced as
no other conditions reported to induce J waves such
as hypothermia, hypercalcemia or Brugada syndrome
were documented. This case highlights that dynamic
J waves registered in leads aVL and I in patients with
acute coronary syndrome suggest the presence of
a culprit lesion in the LCx artery.
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Figure 1. Electrocardiogram (ECG) on admission (A) and after percutaneous coronary intervention (PCI) to the culprit
artery (B) and coronary angiographic images at baseline (C). ECG on admission: note the notch-type J waves in lead |
(embedded panel: arrows) and in lead aVL (embedded panel; asterisks) where they were particularly prominent
(> 0.1 mV). ECG after PCI to a left circumflex (LCx) artery culprit lesion depicted J waves of reduced amplitude
(< 0.1 mV) in lead aVL (embedded panel; asterisk) and absent J waves in lead | (embedded panel; arrow). Note, that
leads V2 and V3 have been reversed. Baseline coronary angiography depicted a high-grade, hazy stenosis with ir-
regular borders (dotted arrows) in the proximal LCx artery (culprit lesion) and bystander high-grade lesions in the left
anterior descending artery (solid arrows).
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Coronary steal syndrome:
A greedy neighbour!

Quentin Chatelain®, Juan F. Iglesias, Rene Nkoulou, Stephane Noble

Structural Heart Unit, Cardiology Division, Department of Medicine,

University Hospital of Geneva, Switzerland

A 71-year-old male, known for quadruple coro-
nary artery bypass grafting in 2002 (left internal
mammary artery [LIMA] to the left anterior descend-
ing [LAD] coronary artery and first diagonal branch
and two saphenous vein grafts, to the first mar-
ginal and the intermediate arteries), was admitted
for unstable angina in 2019. A cardiac positron
emission tomography-computed tomography
(PET-CT) showed moderate-to-severe ischemia in
the distal LAD territory and a coronary flow reserve
below 1.0, related to coronary steal (Fig. 1A, B).
Coronary angiogram revealed a subtotal ostium
stenosis of the saphenous veins’ grafts to the
intermediate artery — treated by percutaneous
coronary intervention with drug eluting stent
implantation (Resolute Onyx 4.0 mm X 18 mm,
Medtronic MN, USA) — and an unligated LIMA
side branch (Fig. 1C).

Subsequently, using left transradial access,
transcatheter occlusion of the LIMA side branch
was performed with one vascular plug (MVP®

18 mm-MicroVascular plug, Reverse Medical,
Medtronic) (Fig. 1D-F) and two hydrocoils (AZUR®
Hydrocoil Pushable-18, Terumo, Tokyo, Japan)
deployed through a 21G Terumo-Progreat® mi-
crocatheter. The two hydrocoils were added since
there was persistent flow post MicroVascular plug
deployment, probably in relation with the double
antiplatelet therapy and the 5000 UI of heparin
injected after radial puncture.

At 3 month follow-up, the patient was free of
angina and the cardiac PET-CT showed complete
coronary flow reserve normalization and significant
improvement of the LAD ischemia (Fig. 1G, H).
The coronary angiogram at 6 months, showed
avery good result with a complete occlusion of the
LIMA side branch (Fig. 10).

Coronary steal due to an unligated LIMA
side branch is a potential cause of reversible is-
chemia in coronary artery bypass grafting patients.
A transcatheter approach using vascular plugs and
coil embolization, provides good results.
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Figure 1. A. Positron emission tomography-computed tomography (PET-CT) before side branch occlusion show-
ing ischemia in 18% of the left ventricle in the distal left anterior descending coronary artery territory; B. Signs of
coronary steal with coronary flow reserve below 1.0; C. Coronary angiography showing the unligated side branch;
D, E. Reverse Medical MVP® 18 mm-MicroVascular plug; F. MicroVascular plug deployment; G, H. PET-CT post side
branch occlusion showing no residual ischemia and complete coronary flow reserve normalization; I. Final coronary
angiography showing the occluded side branch; LIMA — left internal mammary artery.
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intravascular ultrasound in hyperthyroidism
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Introduction

The incidence of iodine-induced thyrotoxico-
sis after the administration of iodinated contrast
agent remains low in various patient cohorts
(0.2% to 1.9% [1, 2]). In patients with coexisting
subclinical hyperthyroidism and ischemic heart
disease, however, contrast administration may
provoke or worsen its clinical condition requiring
additional endocrinology treatment and clinical
follow-up after the initial coronary angiography
(CAG) or percutaneous coronary intervention
(PCD) [3]. Alternative contrast agents — such as
gadolinium — replacing iodinated contrast media
during coronary angiography have been introduced
previously in small cohorts and case reports to
avoid nephrotoxicity [4, 5], contrast allergy [6], or
iodinated-contrast-induced thrombocytopenia [7].
The present study, describes a case using a low
amount of gadolinium for coronary anatomy re-
construction assisting the coronary physiology and
imaging guided PCI in an elderly patient with acute
coronary syndrome (ACS) who was simultaneously
diagnosed with hyperthyroidism.

Case report

An 85-year-old-man, with a history of coro-
nary artery disease (CAD), was referred to the
documented center with severe ongoing chest
pain and progressive dyspnea. The patient had

a prior PCI of the right coronary artery and distal
left circumflex artery (LCX) performed 1 year prior
to the current admission to hospital. Additionally,
the patient had severe peripheral artery disease
and had undergone multiple prior percutaneous
transluminal angioplasty of the limbs. Relevant
coronary risk factors included hypertension, hy-
percholesterinemia and positive family history of
CAD. The patient was hemodynamically stable, and
on physical examination no relevant abnormalities
were detected. Initial laboratory testing revealed
an elevated level of high sensitive troponin T and
anormal level of creatine kinase (CK), and creatine
kinase myocardial band (CK-MB). An electrocar-
diogram showed no relevant ST segment changes,
and transthoracic echocardiography showed normal
biventricular function (left ventricular ejection
fraction of 55%) without significant valve disease.
The estimated glomerular filtration rate was
74 mL/min/1.73 m®. Additionally, thyroid stim-
ulating hormone was suppressed, 0.11 plU/L
(normal range [NR] 0.27-4.2 ulU/L), whereas T,
(4.2 pmol/L [NR 3.1-6.8 pmol/L]) and T, was nor-
mal (16.7 pmol/L [NR 12-22 pmol/L]). Due to the
possibly underlying subclinical hyperthyroidism,
an endocrinological consultation took place which
revealed the first diagnosis of an ongoing thyroid
autonomy.

A decision was made to proceed with invasive
CAG within 72 hours due to intermediate risk, us-
ing low-dose gadolinium for anatomy road mapping.

Address for correspondence: Kambis Mashayekhi, MD, Deputy Medical Director — Director of CTO and High Risk
Angioplasty, Interventional Cardiology Department, Cardiology and Angiology II, University Heartcenter Freiburg
— Bad Krozingen, Siidring 15, 79189 Bad Krozingen, Germany, e-mail: kambis.mashayekhi@universitaets-herzzentrum.de

Received: 15.06.2020 Accepted: 13.07.2020

*P Tagti and M. Ayoub contributed equally to this manuscript.

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.

642 www.cardiologyjournal.org


mailto:kambis.mashayekhi@universitaets-herzzentrum.de

Peter Tajti et al., Gadolinium road mapping for coronary physiology and IVUS guided PCI

Figure 1. Percutaneous coronary intervention road mapping with intra-arterial gadolinium injection assisting frac-
tional flow reserve coronary physiology assessment and intravascular ultrasound (IVUS) guided stent implantation;
A, B. Left and right coronary injections with gadolinium; C. IVUS in the left anterior descending artery (LAD);
D, E. Predilation of the proximal LAD and stenting; F. Distal edge dissection (arrowhead); G. IVUS in the left circumflex

artery; H. Final result.

According to a previously reported risk of cardiac ar-
rhythmia and potential hemodynamic instability [8],
5 mg of metoprolol intravenously (relative beta-1
selectivity) was administered, defibrillator paddles
were applied, hemodynamics were continuously
measured and 1-2 cc first time injections before
angiography of the left and right coronaries were
administered (Fig. 1A, B). Coronary physiol-
ogy assessment of fractional flow reserve (FFR)
(Comet pressure wire, Boston Scientific, Natick,
Massachusetts, USA) was performed. At maximum
hyperemia, FFR of the left anterior descend-
ing artery (LAD) was positive (0.77), whereas
LCX remained functionally insignificant (0.89).
Thereafter proceeding with PCI, exchanging for
regular workhorse wire (Sion Blue [Asahii Intecc.
Nagoya, Japan]) and evaluating the plaque bur-
den, vessel diameter and lesion length (Fig. 1C)
with intravascular ultrasound (IVUS [Eagle Eye,
Philips Volcano, Amsterdam, Netherlands]). Two
drug eluting stents were implanted (2.5 X 12 mm,
2.75 X 38 mm) in the middle and proximal LAD
segments. After post-dilation optimal stent expan-
sion was confirmed with control IVUS (Fig. 2).
Total procedure and fluoroscopy times were 55
and 10 minutes, respectively. 35 mL of gadolinium

was used overall. The patient was discharged on
dual antiplatelet therapy on the 4™ day post-PCI.
Endocrinology control was scheduled to evalu-
ate the thyroid autonomy 2 weeks post-PCI, and
thiamazole was added to his therapy at discharge.

Discussion

This report illustrates the concept of us-
ing gadolinium to map the coronary anatomy in
patients with absolute contraindication of using
conventional iodinated contrast agents, that can
assist coronary physiology and IVUS for percuta-
neous management of CAD without any iodinated
contrast use.

The incidence of iodine-induced thyrotoxicosis
after administration of iodinated contrast agent
remains low, which mostly results in subclinical
hyperthyroidism in euthyroid patients regard-
less [1, 2]. Nevertheless, coexisting subclinical
hyperthyroidism and ischemic heart disease com-
bined with iodinate contrast load after CAG has
a significant impact on worsening its clinical condi-
tions that may require further treatment, clinical
follow-up or even re-hospitalization after 1 year
of CAG/PCI [3]. Bonelli et al. [3] analyzed an 810
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Figure 2. Images of intravascular ultrasound (IVUS) pullbacks performed in the left anterior descending artery (LAD),
and the left circumflex artery (LCX); A-C. Pullback IVUS images of the LAD; D-F. Pullback IVUS images of the LCX.

patient cohort without known thyroid diseases who
had undergone elective CAG. At baseline, 7.2% of
the patients had hyperthyroidism, that increased
to 10% after CAG. Independent predictors of hy-
perthyroidism development were baseline free T,
levels, thyroid nodules, age > 60, male gender, and
positive family history of thyroid diseases. Despite
endocrinology follow up and therapy optimization,
4.2% at 3 months, and 2.5% at one year still had
hyperthyroidism [3]. Additionally, in elderly pa-
tients, the risk of thyrotoxicosis after CAG with
underlying thyroid disease is increased [9], and
can be potentially life threatening, that may lead to
cardiac tachyarrhythmias, heart failure, pulmonary
arterial hypertension, pulmonary embolism, and
cardiomyopathy.

Current guidelines propose early decision
making on timing of angiography and possible inter-
vention, especially in high-risk patient subgroups
(elevated cardiac biomarkers at baseline, coexisting
diabetes mellitus, Global Registry of Acute Coro-
nary Events Risk Score [GRACE score > 140], age
of 75 < years) with the ultimate goals of reducing
length of hospital stay, refractory ischemia and mor-

tality. In the present report, the patient’s GRACE
score was 137, thus current ESC/EACTS guide-
lines indicates invasive treatment in < 72 hours
(Class I, Level A) [10]. The use of coronary physi-
ology (such as FFR or instant wave-free ratio) has
been established as a feasible and effective option
for culprit lesion identification in ACS patients with
multivessel disease, nevertheless its prognostic
value remains limited [10]. Moreover, identification
of the culprit lesion remains challenging in a non-
negligible number of cases with non-ST elevation
ACS, that may require additional tools — such as
intravascular imaging — which may further assist
clinical decision making. Coronary physiology
combined with intravascular imaging IVUS in the
current report) provides a meticulous assessment
of plaque instability and flow limitation, that has
also confirmed the need for intervention in the
aforementioned clinical scenario where conven-
tional iodinated contrast use was not amenable.
Zero contrast and ultra-low contrast use [11]
during PCIs treatment of complex CAD (such
as chronic total occlusions) has been previously
reported. The latter studies, however, reported

644 www.cardiologyjournal.org



Peter Tajti et al., Gadolinium road mapping for coronary physiology and IVUS guided PCI

contrast administration (zero contrast PCI was
defined < 15 mL use of contrast medium), or re-
cent diagnostic angiography was available before
PCI that served as a road map for these technically
challenging cases.

The use of gadolinium, as an alternative option
for replacing iodinated contrast media for coronary
angiography has been previously introduced [8],
however its use has been limited due to (a) lower
image quality, (b) potential adverse events of ven-
tricular tachycardia/fibrillation or hemodynamic
instability, and (c) its relatively high cost. The
combination of IVUS and gadolinium has been re-
ported to overcome an adverse reaction of iodinated
contrast induced thrombocytopenia [7].

Applying gadolinium only for coronary road
mapping (limiting its use only for the initial and
final angiography) in combination with coronary
physiology and IVUS is a potential option to guide
complex coronary interventions with the benefit
of fully avoiding using low osmolality iodinated
contrast agents and hindering nephrotoxicity, ad-
verse allergic reactions or thyrotoxicosis post-PCI.
Before gadolinium injection, precautionary steps
are mandatory to avoid adverse cardiac events.
Herein, protocol included the following steps:
(a) administration of intravenous beta-blocker,
(b) applying defibrillator paddles, (¢) monitoring
arterial pressure, (d) avoiding pressure dampening
of guiding catheters (use of guiding catheters with
side holes however, could further reduce image
quality), (e) and adding slow and low amounts of
test injections.

Conclusions

This report demonstrates the feasibility of
a concept combining gadolinium, IVUS, and cor-
onary physiology to treat patients with CAD
and severe coexisting comorbidities that can be
aggravated by iodinated contrast media.
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