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Innovative medical technologies in the percutaneous
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Abstract

Tricuspid regurgitation (TR) usually develops secondarily to left-sided heart diseases, whereas primary
lesions to the valve apparatus is less common. Untreated severe TR has a poor prognosis and surgical
treatment, i.e., valve repair or replacement, is the only treatment option with class I recommendation.
However, cardiac surgical procedures may be associated with a high risk of complications. Recent
advances in percutaneous approaches to managing structural heart diseases, especially mitral valve
diseases, have enabled the implementation of this therapeutic strategy in the population of patients with
TR. This paper presents data on the clinical efficacy, cost-effectiveness and expected population size for
one of these procedures, namely the TriClip TTVr System procedure. Its efficacy was assessed in the
TRILUMINATE study involving 85 patients with co-morbidities and at high surgical risk. After 1 year
of follow-up, the reduction in the TR grade was reported in 71% of patients. Clinical improvement in
New York Heart Association functional class, a 6-minute walk test, and the quality of life were also
observed. A published analysis comparing percutaneous treatment modalities with a drug therapy based
on data from medical registers was utilized, and propensity score matching was also employed. Percuta-
neous treatment reduced 1-year mortality and rehospitalization risk. The economic analysis showed the
use of TriClip TTVr System is cost-effective: the cost of an additional quality-adjusted life year ranged
from approximately PLN 85,000 to PLN 100,000, which is below the official threshold in Poland. The
potential annual number of candidates for this treatment modality in Poland is estimated at 265.
(Cardiol J 2022; 29, 3: 369-380)

Key words: tricuspid regurgitation, transcatheter tricuspid valve interventions,
transcatheter tricuspid valve repair, TriClip TTVr System, MitraClip
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Introduction

This paper summarizes the discussion held
at meetings of an advisory board comprised of
experts in interventional cardiology and cardiac
surgery. The meetings took place between May
and September 2020. They were attended by
7 clinicians representing 5 centers experienced in
treating patients with tricuspid regurgitation (TR).
This paper aims to identify a potential place for
CE-marked TriClip TTVr System (Abbott, USA;
Central illustration) in the treatment of TR in Po-
land, present clinical evidence of its effectiveness,
attempt to determine its cost-effectiveness and
estimate the number of potential Polish patients
if the technology was available.

Tricuspid regurgitation: Epidemiology

Tricuspid regurgitation is the most common
heart valve pathology. Trace or mild TR is a com-
mon finding, reported in over 70% of the popula-
tion [1]. In a study published in 2020 which included
more than 33,000 patients referred for echocar-
diography, mild TR was detected in 21.9% of pa-
tients, moderate — 8%, while severe — 0.8% [2].
OxVALVE registry showed that prevalence of
moderate/severe TR in the general population
was 2.7% [3].

The incidence of TR increases with age. In
a population-based study conducted in Olmsted
County (USA), moderate or severe TR was de-
tected in 0.05% of patients aged 18-44 years and
in 3.96% of patients aged > 75 years [4]. TR was
significantly more frequently diagnosed in females.
Similar relationships were presented in an earlier
analysis based on the Framingham study: in the
40-49-year age group, at least moderate TR was
detected in 0.5% of females and 0.3% of males
while in the 70-83-year age group — in 5.6% of
females and 1.5% of males [1]. Therefore, it can
be assumed that moderate-to-severe TR affects
approximately 4% of individuals over 75 years of
age. Isolated regurgitation was diagnosed in about
8% of patients, while others had co-existent cardiac
and non-cardiac comorbidities.

No reliable data on the incidence of TR in
Poland are available. Given the epidemiological
data for the United States, it is estimated that
some level of TR affects approximately 200,000
individuals in Poland [5].

Central illustration. TriClip XT Delivery System.

Etiology and pathogenesis
of tricuspid regurgitation

Most TR cases are secondary to right ventricu-
lar (RV) overload and dilation. The most common
mechanism underlying TR development is the
dilation of the valve annulus (at the site of insertion
of the anterior and posterior leaflets) with normal
leaflet morphology (type I) and/or RV enlargement
(which results in papillary muscle displacement
with restricted leaflet position) — type IIIb. Sec-
ondary TR occurs due to left-sided heart diseases
(including left ventricular [LV] dysfunction and
mitral valve disease), other forms of pulmonary
hypertension, atrial fibrillation, heart tumors or as
a result of RV myocardial injury in the course of
coronary artery disease or cardiomyopathy.

Injury to valve leaflets or the subvalvular
apparatus, which leads to the development of the
much less common primary TR (~15%) [4], may
be caused by infective endocarditis (especially in
cases of intravenous drug abuse), rheumatic heart
disease, carcinoid syndrome, myxoid degenera-
tion, endomyocardial fibrosis, congenital defects
(Ebstein’s anomaly, congenital valve dysplasia),
chest trauma or the increasingly common iatro-
genic injury (transvenous electrodes, endomyo-
cardial biopsy, ionizing radiation, drug-induced
lesions).

Tricuspid regurgitation leads to right atrial
and RV volume overload; once the compensatory
capacity of the right heart chambers is exhausted,
the patient develops systemic venous congestion
and severe heart failure.

370 www . cardiologyjournal.org



Adam Witkowski et al., Percutaneous treatment of tricuspid regurgitation

Clinical presentation and prognosis
of patients with tricuspid regurgitation

Clinical manifestations of this defect depend
on the severity of the comorbidities and initially
tend to be non-specific (fatigue, worsened ex-
ercise tolerance, shortness of breath). Patients
develop peripheral edema, jugular vein dilatation
and hepatomegaly. Persistent, hemodynamically
significant TR results in increased venostasis and
edema (despite diuretic therapy) as well as hepatic
hyperemia, which lead to organ dysfunction and
gradual development of cardiac cirrhosis.

The diagnosis of advanced TR worsens the
prognosis. A meta-analysis of 70 studies involv-
ing over 32,500 patients with a mean follow-up of
3.2 = 2.1 years showed that moderate/severe TR
was associated with a 2-fold increase in the risk of
death compared with mild/no regurgitation (rela-
tive risk [RR] = 1.95; 95% confidence interval [CI]
= 1.75-2.17) [6]. The relationship between TR se-
verity and all-cause mortality remained significant
also after adjustment for pulmonary artery systolic
pressure (PASP; meta-analysis of 13 studies; RR
= 1.85; 95% CI = 1.44-2.39) and RV dysfunction
(meta-analysis of 15 studies; RR = 1.78; 95% CI
= 1.49-2.13). Moderate/severe TR also increased
cardiac mortality (RR = 2.56; 95% CI = 1.84-3.55)
and heart failure hospitalization rates (RR = 1.73;
95% CI = 1.14-2.62). A gradual increase in the risk
of all-cause mortality was observed (RR = 1.25;
1.61; and 3.44, respectively; p < 0.001 for the
trend) in patients with mild, moderate and severe
regurgitation compared to patients without TR.

The presence of significant TR worsens the
prognosis of patients regardless of LV function.
A large retrospective study (over 5,200 patients,
4-year follow-up) showed that moderate or higher-
grade TR was associated with increased mortality
regardless of PASP (hazard ratio [HR] = 1.31;
95% CI = 1.16-1.49 for PASP > 40 mmHg and
HR = 1.32,95% CI = 1.05-1.62 for < 40 mmHg) and
regardless of LV ejection fraction (EF) (HR = 1.49;
95% CI = 1.34-1.66 for EF < 50% and HR = 1.54;
95% CI = 1.37-1.71 for EF > 50%) [7]. Compared
with the absence of TR, patients with moderate-
to-severe defects had worse prognosis also after
adjustment for age, systolic function of both ven-
tricles, RV dimension and inferior vena cava dilata-
tion (HR 1.17; 95% CI = 0.96-1.42 for moderate
regurgitation and HR = 1.31; 95% CI = 1.05-1.66
for severe regurgitation).

Diagnostic evaluation

Transthoracic echocardiography (and transeso-
phageal echocardiography in selected cases) is the
most important diagnostic method in evaluation of TR
prior to intervention. It requires advanced skills and
high-quality equipment utilizing full range of echo-
cardiographic techniques, including 3-dimensional
(3D) imaging. Echocardiography plays a key role in
differentiating between primary and secondary valve
regurgitation for determining the main mechanism
and etiology of the defect and assessing its severity.
The evaluation should involve assessment of the
morphology of the valve itself, the size of the right
heart chambers and tricuspid annulus, dimension
and collapsibility of the inferior vena cava and as-
sessment of RV systolic function. Doppler analysis
of the regurgitation jet and the assessment of the
RV systolic pressure are also crucial elements of
comprehensive assessment. Despite the use of new
echocardiographic techniques (including 3D imaging),
valve assessment is challenging in some patients be-
cause of poor echogenicity of leaflets and difficulties
in obtaining a good acoustic window. Special skills are
required to carry out transesophageal assessment
because, in contrast to mitral valve, tricuspid valve
is located distally and non-axially to the oesophagus.

Tricuspid regurgitation grading is based on
a combined analysis of multiple parameters [8]:
qualitative, semi-quantitative and quantitative.
Qualitative criteria apply to valve morphology
(leaflet thickening/prolapse/restriction/substantial
coaptation defect), regurgitation jet assessment in
color Doppler (very large central jet or eccentric jet
striking the right atrial wall) and assessment of the
regurgitation jet by continuous wave Doppler signal
(dense/triangular with early peaking [peak veloc-
ity of < 2.0 m/s in severe TR]). Semi-quantitative
criteria are as follows:

— regurgitation vena contracta width > 7 mm,;

— proximal isovelocity surface area radius
> 9 mm at Nyquist cutoff value of 0.3 m/s;

— hepatic veins systolic flow reversal;

— tricuspid inflow pattern with E wave domi-

nance > 1.0 m/s.

Echocardiographic quantitative criteria for
severe TR include:

— effective regurgitant orifice area (EROA)

> 40 mm?;

— regurgitation jet volume > 45 mL;
— enlargement of the right heart chambers, and
dilatation of the inferior vena cava.
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It should be noted that so far, no cut-off points
for moderate and mild regurgitation have been
established for quantitative parameters of TR
(EROA, regurgitation jet volume). However, as
demonstrated by clinical studies of new percuta-
neous valve repair techniques, severe TR affects
patients with very advanced defects and regurgita-
tion jet quantitative parameters significantly above
the cutoffs proposed. To allow for precise grading
of TR in this group of patients in the context of
enrolment for percutaneous interventions and
their outcome monitoring, Hahn and Zamorano [9]
presented a new, 5-grade classification of TR. They
proposed additional massive regurgitation and tor-
rential regurgitation based on the assessment of
vena contracta (14-20 mm for massive regurgita-
tion and > 21 mm for torrential regurgitation) and
EROA (60-79 mm® for massive regurgitation and
> 80 mm” for torrential regurgitation). Further-
more, they introduced another echocardiographic
assessment criterion, namely 3D vena contracta
area with the cutoffs of 75-94 mm” for severe re-
gurgitation, 95-114 mm? for massive regurgitation,
and > 115 mm® for torrential regurgitation. This
expanded TR classification also has a prognostic
value, because the outcomes of patients with mas-
sive and torrential TR have incremental risk of
mortality in comparison to severe TR.

In turn, Dreyfus et al. [10] proposed clas-
sification of functional TR and qualification for
surgical treatment based not on regurgitation jet
assessment alone but also on the tricuspid annular
size (diastolic diameter of > 40 mm is considered
a significant dilatation) and tricuspid leaflet coap-
tation (normal/leaflet restriction/no coaptation).

Current recommendations of scientific
societies on the management
and treatment of tricuspid regurgitation

Tricuspid regurgitation is a major challenge
not only in terms of diagnostics but primarily in
terms of treatment. Currently, surgical treatment
is the standard of care in severe symptomatic iso-
lated valve regurgitation. In the presence of other
left-sided valve defects requiring surgery, indica-
tions for tricuspid valve repair include severe TR
or moderate TR with coexistent tricuspid annular
dilatation.

Several valve repair techniques have been
proposed for cardiac surgery for TR [11]. The first
method, introduced by Kay et al. [12], involves pos-
terior leaflet plication, which leads to the formation
of the bicuspid tricuspid valve. Subsequently, de

Vega [13] introduced tricuspid valve annuloplasty
with suture placement in the posterior and anterior
part of the annulus (bypassing atrioventricular
node). Another modification of surgery was an-
nuloplasty using a synthetic ring that restores the
normal shape of the valve. Insertion of a semi-open
rigid ring is currently the most widely used method
of surgical tricuspid valve repair.

In cases of RV enlargement and remodeling
with leaflet restriction, annular reduction as the
only treatment option may not be effective enough.
In such a situation, anterior tricuspid leaflet exten-
sion or the clover technique is applied, i.e., suturing
valve leaflet edges (similar to the Alfieri technique
for mitral valve).

In severe leaflet restriction or organic lesions
preventing effective repair, artificial (mechanical
or biological) valve implantation is necessary. Bio-
logical valves are preferred due to a lower risk of
thrombosis and possibly the chances of subsequent
percutaneous treatment of its dysfunction (valve-
-in-valve procedure).

According to the 2017 guidelines of the Euro-
pean Society of Cardiology (ESC) and the European
Association for Cardiothoracic Surgery (EACTS)
on the treatment of valvular heart defects [14],
a surgical procedure is indicated (class I) in patients
with severe primary or secondary TR undergoing
left heart defect surgery. Surgery should also be
considered (class Ila recommendation) in patients
with moderate primary TR undergoing left heart
surgery, as well as in patients with mild to moderate
secondary valve insufficiency with tricuspid annu-
lus dilatation (= 40 mm or > 21 mm/m?, evaluated
using 2D echocardiography) undergoing left heart
surgery. Surgical treatment may be considered at
a time of left heart surgery (class IIb recommenda-
tion) in patients with a history of right-sided heart
failure and mild-to-moderate secondary TR, even
if the tricuspid valve annulus is not dilated.

Indications for surgical treatment of isolated
TR include symptomatic disease with severe
isolated primary TR without severe RV dysfunc-
tion (class I recommendation). Surgery should be
considered in asymptomatic patients or patients
with mild symptoms with severe primary TR and
progressive RV dilatation or worsening RV function
(class IIa). After surgery for left heart defects and
in the absence of recurrent left valve dysfunction,
surgery should be considered in patients with se-
vere secondary tricuspid insufficiency who develop
symptoms or progressive RV dilatation/dysfunc-
tion, in the absence of severe RV or LV dysfunction
and severe pulmonary vascular disease/pulmonary
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hypertension (class IIa). Both ESC/EACTS recom-
mendations on the surgical treatment of TR have
the level of evidence C, which means that they are
based on an agreed expert opinion or data from
small retrospective studies or registries.

Similar recommendations on the intervention-
al treatment of TR were provided by the American
Heart Association/American College of Cardiology
(AHA/ACC) in 2020 [15]. The recommendations
concern valve repair primarily in patients undergo-
ing left heart surgery. As for the surgical treatment
of symptomatic patients with severe primary TR,
a lower class (Ila) recommendation was provided
compared to the European guidelines. In addition,
special attention is paid to atrial fibrillation in the
USA guidelines as the cause of isolated secondary
TR resulting primarily from annular dilatation.

Eligibility for surgical treatment should be
based on the patient’s clinical status, co-morbidi-
ties, and perioperative risk. The right moment for
the surgery of the defect has not been determined.
Similarly, no optimal drug therapy for TR has been
defined. According to the AHA’s position statement
on the diagnosis and treatment of RV insufficiency
of 2018, drug therapy for RV insufficiency should be
based on diuretics (or renal replacement therapy, if
increased diuretics doses failed); afterload-reduc-
ing agents are also used (vasodilators for pulmo-
nary circulation), and in extreme cases, mechanical
circulatory support [16]. Late-onset symptoms of
TR and delayed qualification for surgical treatment
of the defect have a negative impact on treatment
outcomes [17]. Early and late outcomes of surgical
treatment of TR are still unsatisfactory.

In an analysis of nearly 55,000 tricuspid valve
surgeries in the USA between 2000 and 2010 (in
85.7% of cases, the procedure on tricuspid valve
accompanied other procedures, with 88.9% of
valve repairs), the perioperative mortality rate was
10.6% in 2000 and 8.2% 10 years later [18]. Pre-
dictors of mortality included: older age, high cre-
atinine level, renal failure requiring dialysis prior
to surgery, cardiogenic shock, use of intra-aortic
counterpulsation or inotropic agents, presence of
significant peripheral or cerebrovascular disease,
mitral stenosis, myocardial infarction, tricuspid
valve replacement, chronic pulmonary disease,
diabetes mellitus, coronary artery disease, urgent
surgery, reoperation, congestive heart failure,
and all other procedures except for double valve
replacement (mitral or aortic).

More recent data (2007-2017) on the outcomes
of surgical treatment of isolated TR come from
12 centers in France [19]. Most of the 466 patients

who underwent surgery for tricuspid valve alone
(8% of all TR surgeries) had an advanced disease
(47% New York Heart Association [NYHA] class
II/TV; 57% with symptoms of right-ventricular fail-
ure). Of these patients, 49% were diagnosed with
functional TR (22% after left heart surgery, 27% —
1solated TR) and 51% had an organic defect (includ-
ing 31% with infective endocarditis). Overall, in-
hospital mortality following surgery for isolated TR
was 10%, including 16% of patients after left heart
surgery, 13% of patients with isolated functional
TR, 5% of patients with infective endocarditis and
8% of patients with organic TR of another etiology.
A multivariate analysis showed that independent
risk factors for in-hospital mortality were as fol-
lows: NYHA class III/IV (odds ratio [OR] = 2.7;
95% CI = 1.2-6.1; p = 0.01), moderate/severe RV
dysfunction (OR = 2.6; 95% CI = 1.2-5.8; p = 0.02)
and lower prothrombin time (OR = 0.98; 95% CI =
0.96-0.99; p = 0.008); clinical signs of heart failure
fell just short of statistical significance (OR = 2.4;
95% CI = 0.9-6.5; p = 0.06). Overall, the 1-year
survival rate following surgery for isolated TR was
86%, while the 5-year survival rate was 75%. Inde-
pendent predictors of mortality in longer follow-up
were as follows: NYHA class III/IV (HR = 1.7; 95%
CI =1.1-2.8; p = 0.04), clinical signs of right heart
failure (OR = 1.8; 95% CI = 1.01-3.3; p < 0.05),
and lower prothrombin time (OR 0.98; 95% CI =
0.97-0.99; p = 0.04).

New methods of percutaneous
tricuspid valve repair

Minimally invasive surgical procedures and
percutaneous valve repair have recently been used
to treat valvular heart disease. However, due to
technical challenges resulting from the tricuspid
annulus structure, the tricuspid valve was called
a ‘forgotten valve’ in terms of the percutaneous
treatment of heart defects. Only in recent years
have attempts been made at the transcatheter
treatment of TR, based on percutaneous mitral
valve treatment experience [20].

Percutaneous treatment modalities for TR
are based on:

1. Reduction in the tricuspid annular dimension

(percutaneous annuloplasty):

a. Cardioband (ValtechCardio) — direct an-
nuloplasty using an anchoring system to
fix and then reduce the size of an artificial
annulus, technique originally introduced
in the percutaneous treatment of mitral
regurgitation,
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Figure 1. TriClip NT-TriClip XT implant.

b. The Trialign System (Mitralign, Inc.) —
sutures are placed percutaneously in the
commissural area; cinching of the sutures
results in plication of the posterior cusp
and bicuspidisation of the valve,

¢. The TriCinch System (4Tech Cardio) —
by placing one end of the system in the
anteroposterior commissure area and the
other in the inferior vena cava, a chan-
ge in the tricuspid annular geometry is
achieved;

2. Improvement of cusp coaptation:

a. TheFormaSystem (Edwards Lifesciences)
— apolymer balloon is placed in the tricu-
spid orifice and anchored in the RV apex.
The balloon fills up the regurgitant orifice,

b. The MitraClip System (Abbott Vascular)
— a system for percutaneous treatment
of mitral valve regurgitation, based on the
Alfieri surgical technique (edge-to-edge),

d. The PASCAL System (Edwards Life-
sciences) — involving the approximation
of valve leaflets, used for percutaneous
mitral valve repair,

e. The TriClip TTVr System (Abbott Vascu-
lar) — based on the MitraClip System in
which the control and clip delivery sy-
stem were re-designed for the anatomy
and morphology of the right atrioventri-
cular valve (Fig. 1), soon to be comple-
mented by a new generation TriClip G4
TTVr System;

3. Caval valve implantation (CAVI):

a. Sapien XT and Sapien 3 valves (Edwards
Lifesciences) implanted into the inferior
vena cava,

b. The TricValve System (P+F PRODUCTS
+ FEATURES GMBH) based on the im-
plantation of biological valves mounted
to nitinol stents into the superior and
inferior vena cava;

4. Percutaneous tricuspid valve implantation (to
replace dysfunctional bioprosthesis implanted
in the tricuspid orifice):

a. The Melody valve (Medtronic),

b. The NAVIGATE valve (NaviGate Cardiac
Structures Inc.),

c. TheSapien valve (Edwards Lifesciences);

5. Transcatheter percutaneous implantation of
a dedicated self-expanding valve:

a. TheEvoque valve (Edwards Lifesciences).

The outcomes of percutaneous treatment of

TR were analyzed, among others, using data from

the international TRIVALVE registry. The first data

concerned 106 patients with severe symptomatic

TR undergoing percutaneous interventions at

11 centers in Europe, the USA and Canada between

January 2014 and December 2016 [21]. The mean

patient age was 76 + 9 years, 60.4% of patients

were females, and the EuroScore (European Sys-

tem for Cardiac Operative Risk Evaluation) II

score was 7.6 = 5.7%. In total, 35% of patients had

undergone left heart valve surgery. RV dysfunction

(defined as tricuspid annular plane systolic excur-

sion < 17 mm) was observed in 56.3% of patients,

95% were in NYHA class III/IV. In patients who

underwent the intervention, functional regurgita-

tion predominated (95.2%); the tricuspid annular
diameter was 45.4 = 11 mm, and pre-intervention

PASP was 39.7 = 13.8 mmHg. The MitraClip

System was most frequently used (n = 58); other

devices used were: Trialign (n = 17), TriCinch

(n = 15), FORMA (n = 7), Cardioband (n = 5),

and venae cavae valves (n = 3). Procedure efficacy,

defined as successful implantation of the device and

TR reduction to grade < 2, was observed in 62%

of patients. In the 30-day follow-up period, overall

mortality was 3.7% and the incidence of serious
cardiovascular and cerebrovascular events was

26%. More than half of the patients (58%) were in

NYHA class I/IT 30 days after the procedure.
Since most patients with TR underwent the

‘edge-to-edge’ procedure with the use of the

MitraClip System, the authors of the TRIVALVE

registry summarized the procedure effective-

ness at 1 year of follow-up [22]. The analysis

included 249 patients with a mean age of 77 + 9
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(EuroScore II mean score: 6.4%). With the use
of two clips on average (standard deviation = 1),
the procedure was effective in 77% of patients. At
1 year of follow-up, sustained improvement in the TR
grade was observed in 72% of patients, and 69% of
patients were in NYHA class I/II. Overall, 1 year
mortality was 20%, and the composite endpoint
of mortality and unscheduled hospitalizations for
heart failure was 35%. Predictors of annual mortal-
ity were as follows: ineffective procedure, worsen-
ing of renal function and absence of sinus rhythm.

Data from the TRIVALVE registry showed
that ‘edge-to-edge’ procedures are effective in
most patients and demonstrated marked clinical
improvement in high-risk patients subjected to
percutaneous TR repair.

The estimated effectiveness
of percutaneous tricuspid regurgitation
treatment using the MitraClip TMVr
and TriClip TTVr Systems

A systematic review of primary studies of
percutaneous TR repair (regardless of the devices
used) was conducted. The search strategy allowed
for both experimental and observational (including
non-comparative) studies and was not limited to
specific devices used for valve repair. The review
included PubMed, Embase and Cochrane Library
data (search cut-off date March 20, 2020).

A total of 58 papers were included in the
review-based analysis. One comparative study
was found in which TTVr was compared with drug
therapy [23], and 1 study concerning TriClip tech-
nology — a prospective TRILUMINATE registry
[24]. Both studies are discussed below.

Taramasso 2019 study

The study involved 472 patients included in
the TriValve registry, from 22 European and North
American sites, who underwent transcatheter
tricuspid valve intervention (TTVI) between 2016
and 2018. The control group was comprised of pa-
tients from two retrospective registries, including
patients with TR who received drug therapy and
were additionally included in the analysis.

The study was conducted using propensity
score matching — a statistical technique aimed
at increasing the comparability of two patient
groups in non-randomized trials by dividing
patients into pairs based on an estimation of
their similarity in terms of clinical parameters,
to reduce the impact of potential confounding

factors, i.e., factors affecting the choice of treat-
ment method and at the same time its outcome,
and thereby estimate the causal effect of the
technology in question [25]. Propensity score
matching is widely used in clinical analyzes in
the absence of randomized studies, including
studies of cardiac procedures [26-28].

Propensity score matching yielded 268 patient
pairs. The primary endpoint was the annual all-
cause mortality, heart failure rehospitalization rate,
or the composite endpoint of both events.

After matching, patients in the TTVI group,
compared with patients receiving drug therapy, had
lower 1-year mortality (23 + 3% vs. 36 *+ 3%, p =
0.001), a lower risk of rehospitalization (27 = 3%
vs. 47 + 3%, p < 0.0001) and a lower risk of the
composite endpoint (32 + 4% vs. 49 = 3%, p =
0.0003). The survival analysis using the Cox model
showed that TTVI was associated with a reduction
in the risk of composite endpoint (HR = 0.60; 95%
CI = 0.46-0.79; p = 0.003), also in the multivari-
ate analysis, after adjustment for gender, NYHA
class, RV dysfunction, and atrial fibrillation (HR =
0.39; 95% CI = 0.26-0.59; p < 0.0001), and after
adjustment for mitral regurgitation grade and the
presence of a stimulator/cardioverter defibrillator
(HR = 0.35; 95% CI = 0.23-0.54; p < 0.0001).

Improved survival was also confirmed in
a subset of patients without concomitant left-sided
valve defects. The type of valve repair device used
(MitraClip vs. other repair systems) did not affect
the primary endpoint rate, with MitraClip being
the most frequently used device (229 out of 268
patients).

The obvious limitation of the study, in terms
of the aim of this paper, is the use of MitraClip
rather than TriClip. However, both technologies
are based on Alfieri’s (edge-to-edge) technique
with the identical implants which remains after
procedure. Differences between the technologies
result from the clip Delivery System and Steering
Guide Catheter, reflecting the anatomic challenges
of the right side of the heart. Therefore, both tech-
nologies can be considered similar enough to allow
for the use of the data.

TRILUMINATE study

The TRILUMINATE study aimed to assess
the safety and efficacy of the TriClip TTVr System
in the treatment of patients with symptomatic, at
least moderate, tricuspid valve insufficiency who
were receiving drug therapy and for whom TTVr
seemed substantiated [24]. This was a prospective,
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Table 1. TriClip TTVr System effectiveness in the TRILUMINATE study.

Endpoint

Assessment at
30 days (n = 85)

Assessment at
1 year (n = 63)

Assessment at
6 months (n = 85)

Reduction in TR severity by at least
1 grade within 30 days of the procedure

NYHA class I/ll (25.3% at baseline)

Mean vena contracta width of TR [cm]
(1.7 cm at baseline)

Quality of life endpoints

6MWT [m], mean improvement
(277.6, SD: 37.1 at baseline)

85.5%

79.7%

87.1% 87%
86.3% 80%
0.86 NA

54.6 (SD: 111.4) 33.09 (SD: 62.88)

KCCQ, mean improvement 14.2 (SD: 16.7) 18.6 (SD: 21.5) 16.81 (SD: 23.4)
vs. baseline, score

SF-36 (MCS), mean improvement 47.6 (SD: 12.3) 50.1 (SD: 10.6) NA
(baseline 44.6, SD: 14.0), score

SF-36 (PCS), mean improvement 39.5 (SD: 10.0) 42.5 (SD: 9.6) NA

(35.6, SD: 9.6 at baseline), score

6MWT — a 6-minute walk test; KCCQ — Kansas City Cardiomyopathy Questionnaire; MCS — Mental Component Summary; NA — not available;
NYHA — New York Heart Association; PCS — Physical Component Summary; SF-36 — Short-Form Health Survey; SD — standard deviation;

TR — tricuspid regurgitation

single-arm, multicenter (Europe and the USA)

study, with the following inclusion criteria:

— age > 18 years and < 90 years at enrolment;

— patients treated according to appropriate
standards (including optimal drug therapy)
prior to enrolment;

— with moderate-to-severe TR;

— NYHA class II or higher;

— no indications for left-sided heart surgery or
mitral valve repair.

Exclusion criteria included:

— PASP above 60 mmHg as estimated by echo-
cardiography;

— prior tricuspid valve procedure or the presence
of a cardiac implantable electronic device (e.g.,
atransvenous stimulation device), which could
prevent proper insertion of the TriClip TTVr
System device.

The TRILUMINATE study involved 85 pa-
tients (66% females) with co-morbidities and a high
surgical risk. The mean patient age was 77.8 =
+ 7.9 years and the EuroSCORE Il score was 8.7 +
+ 10.7%. Most patients were diagnosed with
severe TR (84%), less frequently organic (12%)
or mixed 94%. The most common co-morbidities
included: atrial fibrillation (92%), hypertension
(86%), kidney diseases (46%), diabetes mellitus
(22%) and prior myocardial infarction (18%). One-
-third of the patients had undergone mitral valve
intervention and 75% of the patients had NYHA
class III/IV disease. The efficacy of device implan-

tation (defined as a reduction in TR by at least one
grade on echocardiography before discharge) was
91%. After 1 year of follow-up, the reduction in
the TR grade (to moderate at most) was reported
in 71% of patients [29]. Clinical improvement in
NYHA functional class, a 6-minute walk test, and
the quality of life were observed. Overall, post-
procedure mortality in 1-year follow-up was 7.1%.
Detailed efficacy and safety data for the TriClip
TTVr System in the subsequent follow-up period
are presented in Tables 1 and 2.

TripClip cost effectiveness

An attempt was made at estimating the cost-
-effectiveness of the TriClip TTVr System com-
pared to drug therapy for TR, i.e., assessing a mean
difference (calculated per patient) in the cost
from the public payer’s perspective and the effect
expressed by life years gained (LYG) and quality-
-adjusted life years (QALYs). The analysis used the
only comparative study available (and discussed
above) [23], so the target population for the analy-
sis was consistent with patient characteristics in
the study. A 1-year horizon was used in the study,
and the estimated Kaplan-Meier curves for survival
at 1 year indicated the value of approximately 77%
for TTVI and ~64% for drug therapy. Given the
difference in survival, benefits from TTVI are also
derived in the years following the procedure. To
allow for these benefits, the survival curves were
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Table 2. TriClip TTVr System safety in the TRILUMINATE study.

Endpoint Assessment at Assessment at Assessment at
30 days (n = 85) 6 months (n = 85) 1 year (n = 50)
Major adverse event NA 5 (6%) 3 (6%)
CV mortality 2 (2.4%) 3 (3.6%) 3 (6%)
Myocardial infarction 0 (0%) 1(1.2%) 0 (0%)
Stroke 0 (0%) 0 (0%) 0 (0%)
De novo kidney failure 1(1.2%) 1(1.2%) 0 (0%)
Any CV surgery for device-related AE 0 (0%) 0 (0%) 0 (0%)
Major bleeding 6 (7.3%) 10 (11.9%) 7 (14%)
Pulmonary thromboembolism 0 (0%) 0 (0%) 0 (0%)
Newly diagnosed hepatic failure 0 (0%) 0 (0%) 0 (0%)
Newly diagnosed atrial fibrillation 1(1.2%) 1(1.2%) 0 (0%)
All-cause mortality 0 (0%) 4 (4.8%) 5 (10%)
Single device insertion NA 5 (7.2%) 3 (6%)
Embolization NA 0 (0%) 0 (0%)
Tricuspid valve stenosis NA 7 (10.8%) NA
Tricuspid valve surgery NA 1(1.2%) NA
AE — adverse event; CV — cardiovascular; NA — not available
100%
90% - — Conservative treatment
80% - — TTVI
g 70%-
S 60%
§ 50%
S 40%-
30%
20%
10%-
0.0% T T T T T T
0 20 40 60 80 100 120
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Figure 2. Survival curves for transcatheter tricuspid valve intervention (TTVI) and drug therapy in the 2019 Taramasso

study [23], extrapolated using the Weibull model.

extrapolated beyond the horizon of the Taramasso
2019 study to 10 years, using the Weibull model
(Fig. 2).

In the analysis of QALYs, information on
NYHA class distribution and Kansas City Car-
diomyopathy Questionnaire (KCCQ) values at
enrolment and at 6 months were used to allow
for the technology’s impact on health-related
quality of life (Table 3). It was assumed that the
value of these parameters in patients with the
TriClip TTVr System implanted would correspond

www . cardiologyjournal.org

to those observed 6 months in the study (1-year
data were available for an incomplete group of
patients). For patients receiving drug therapy, it
was assumed that the values would remain at the
baseline level. Since only patients on optimal drug
therapy at enrolment were included in the TRI-
LUMINATE study, it seems reasonable to assume
that NYHA class in the control group should not
be subject to significant changes in the short-term
horizon. In the long-term horizon, both NYHA
and KCCQ may likely worsen in both groups.
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Table 3. New York Heart Association (NYHA) class changes in the TRILUMINATE study (the difference
from baseline was statistically significant for 30-day, 6-month and 12-month follow-up, p < 0.0001).

NYHA class Assessment at Assessment at Assessment at Assessment at
baseline (n = 83) 30 days (n = 84) 6 months (n = 73) 1 year (n = 65)
NYHA | 0% 23% 36% 32%
NYHA Il 25% 57% 51% 51%
NYHA I 70% 20% 12% 17%
NYHA IV 5% 1% 0%

However, from the point of view of the economic
analysis results, an intergroup difference in the
parameters plays a key role. This paper de facto
assumes that the difference is maintained in the
long-term horizon.

The NYHA and KCCQ values were assigned
health-state utilities based on the results of a sys-
tematic literature review. As for KCCQ, 1 study was
found [30], which showed the following depend-
ence: utility = 0.44 + 0.0035* KCCQ-0S. As for
NYHA, several studies were identified and qualified
for parameterization, which reported utility values
for patients with heart failure in individual NYHA
classes [31-36]. Mean utility values for NYHA
class I and mean decrements for other groups from
the publications found were used. Ultimately, the
following utility values were used: 0.858 for NYHA
class I, 0.762 for NYHA class II, 0.646 for NYHA
class III, and 0.459 for NYHA class IV.

In the analysis, it was assumed that the TTVI
cost would amount to approximately PLN 125,000.
The costs of rehospitalization were also taken
into account, required by 26% of patients who
had received the TriClip TTVr System and 47%
of patients on drug therapy, according to the 2019
Taramasso study. It was assumed that the cost of
rehospitalization would equal the weighted average
cost of procedure E50: acute or decompensated
heart failure — treatment at Intensive Cardiac Care
Unit (PLN 17,000; 80% of patients) and procedure
E52: advanced circulatory failure (PLN 5,987; 20%
of patients). The analysis included the additional
costs of drug therapy used in both patient groups,
amounting to approximately PLN 100 per year.
Future costs and effects were discounted at the
rates of 5% and 3.5%, respectively, as per Polish
Health Technology Assessment guidelines.

The incremental cost-effectiveness ratio for
the TriClip TTVr System compared to drug therapy
for TR was PLN 84,109.79/QALY for the analysis
based on the NYHA class and PLN 101,290.90/
/QALY for the analysis based on KCCQ. In turn,

when considering the impact on life expectancy
only, the obtained coefficient amounted to PLN
86,422.02/LYG. In all cases, the incremental cost-
-effectiveness ratio value was clearly below the
cost-effectiveness threshold defined in Poland, i.e.,
PLN 155,514/QALY (or PLN/LYG).

Estimation of the size
of the population that may benefit
from the TriClip TTVr System

Asarule, TriClip TTVr System should be used
in patients with TR and a high cardiac surgical risk
in whom drug therapy fails to provide satisfactory
outcomes. In an attempt to determine the size and
structure of this population, four groups may be
distinguished, which should constitute the largest
part of the target population:

— high surgical risk or inoperable patients with
mitral regurgitation and coexistent TR, with
indications for the repair of both valves;

— patients after mitral valve surgery who devel-
oped moderate-to-severe TR;

— patients with severe TR in the course of RV
insufficiency after the implantation of an LV
assist device;

— patients with isolated severe TR who, in the
opinion of the Heart Team, are not candidates
for surgical valve repair/replacement.

The estimation of the size of the first sub-
population was based on determining the annual
population of candidates for percutaneous mitral
regurgitation treatment. Data from other countries
were used for this purpose, as Poland’s actual
number of procedures may not include all patients
who needed it. By calculating the average number
of procedures with respect to the number of citi-
zens, the demand for the edge-to-edge procedure
in Poland was estimated at 778 per year (due to
data confidentiality, they were not presented in this
paper). The estimated proportion of patients with
additional TR ranges from 19.4% [37] to 27% [38].
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The ultimate size of the first subpopulation can be
estimated at approximately 180 patients per year.

According to National Cardiac Surgery Regis-
try data, 896 mitral valve surgeries were performed
in Poland in 2019. Assuming that TR develops in
5% of patients after mitral valve surgery, the size
of the second subpopulation can be estimated at
45 per year. According to the authors’ clinical
experience, the size of the third subpopulation
should be estimated at approximately 20 patients
per year. Assuming that isolated TR occurs in ap-
proximately 8% of patients [19], the size of the
fourth group was estimated with respect to the size
of the first three groups, resulting in approximately
20 patients per year.

In total, the number of patients with likely
indications for TriClip TTVr System implantation
1s approximately 265 per year. It should be noted
that in the first years of the system’s availability,
the actual number of procedures would most likely
be lower and would reach the estimated level only
after a few years.

Summary

Severe TR leads to heart failure and wors-
ened quality of life and is associated with a poor
prognosis. Treatment modalities include drug
therapy (of limited effectiveness) and cardiac sur-
gery, associated with a very high risk, especially
in patients in a worse clinical condition, with RV
dysfunction and co-morbidities. Thanks to the
availability of percutaneous treatment of TR, pa-
tients may be offered an effective, non-invasive
procedure associated with a low risk of complica-
tions. The TriClip TTVr System proved safe and
effective in the TRILUMINATE study. Based on
the Taramasso 2019 study, it may be inferred that
transcatheter edge-to-edge tricuspid valve repair
is more effective than drug therapy regarding its
effect on survival and rehospitalizations but this
needs to be confirmed in further studies. In light
of the survival benefit, improved quality of life, and
anticipated cost, the TriClip TTVr System should
be considered cost-effective. A subgroup analysis
of patients who could benefit from the technology
suggests that the annual number of procedures
could be approximately 265 after a few years.
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Abstract

Pulmonary arterial hypertension (PAH) is a chronic pulmonary vascular disease characterized by
increased pulmonary arterial pressure and pulmonary arterioles remodeling. Some studies have dis-
covered the relationship between sympathetic nerves (SNs) and pathogenesis of PAH. This review is
aimed to illustrate the location and components of SNs in the pulmonary artery, along with different
methods and effects of pulmonary artery denervation (PADN). Studies have shown that the SNs distrib-
uted mainly around the main pulmonary artery and pulmonary artery bifurcation. And the SNs could
be destroyed by three ways: the chemical way, the surgical way and the catheter-based way. PADN can
significantly decrease pulmonary arterial pressure rapidly, improve hemodynamic varieties, and then
palliate PAH. PADN has been recognized as a prospective and effective therapy for PAH patients, espe-
cially for those with medication-refractory PAH. However, further enlarged clinical studies are needed
to confirm accurate distribution of SNs in the pulmonary artery and the efficacy of PADN. (Cardiol J

2022; 29, 3: 381-387)

Key words: pulmonary arterial hypertension, pulmonary artery denervation,

sympathetic nerves

Introduction

Pulmonary arterial hypertension (PAH), charac-
terized by mean pulmonary artery pressure (mPAP)
> 25 mmHg at rest, pulmonary artery wedge pres-
sure (PAWP) < 15 mmHg and pulmonary vascular
resistance (PVR) > 3 Wood units [1], is a disease
induced by a wide range of causes, which makes it
difficult to formulate an appropriate therapeutic plan
and receive great responses for PAH patients [2].
Up till the present, most patients can only rely
on combined targeted medicine, however, not all
patients can be relieved [2, 3]. Besides, the 1-year,
3-year and 5-year survival rate of medium to high-

-risk patients treated by target therapy are 90%, 61%,
43% [4], and side effects of targeted medicine are not
tolerable in a considerable number of patients. Thus,
these patients are eager to acquire better therapies.
Recently, pulmonary artery denervation (PADN),
as a novel therapy, has gradually proved beneficial
to improve hemodynamic measurements in animal
models and in PAH patients through regulating the
autonomic nervous system [5]. Previous studies
have proved that PADN can significantly decrease
pulmonary arterial pressure rapidly, and then pal-
liate the development of PAH through destroying
the sympathetic nerves (SNs) of the pulmonary
artery (PA) [6].
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Sympathetic nerves along
the pulmonary artery

The autonomic nervous system consists of
sympathetic and parasympathetic parts, which are
regulated by various neural and endocrine factors [7].
The sympathetic nervous system (SNS) arises
from the spinal cord (T1-L2), and postganglionic
neurons administrate the pulmonary vascular sys-
tems [7, 8]. Studies have proved that the compo-
nents of SNs around PA include many tyrosine
hydroxylase (TH)-positive, neuropeptide-Y (NPY)-
-positive and a few calcitonin-gene-related peptide
(CGRP)-positive nerve fibers in rat models and
in humans [9]. Thus, when SNS is activated, the
SNs can locally release neurohormones to enhance
the vascular tone so that the PA pressure will be
quickly elevated. Furthermore, chronic inflamma-
tion is known as a critical factor contributing to
the progress of PAH [10], and de Juan et al. [11]
has investigated that sympathetic nerves of ar-
teries play an important role in inflammation.
Therefore, the over-activation of SNS [12] may
accelerate the development of PAH via regulating
the inflammation.

Rothman et al. [13] deemed that SNs around
the main pulmonary artery (MPA) and PA bifurca-
tion were relatively larger than those around the
left pulmonary artery (LPA) or right pulmonary
artery (RPA). Although there is not enough evi-
dence about the distribution of SNs around PA in
humans, most animal studies also represented
that SNs distributed mostly around MPA and PA
bifurcation [9, 14-16], while diverse races may
have a little difference in the distribution site
of SNs. Currently, many animals can be used as
PAH models, and mainly include two animals. Big
animals, including swine [16, 17], dogs [14, 15],
sheep [18], rabbits [19] and so on, which are easier
to operate on because of their larger vessels, bet-
ter tolerance to surgical injury, higher degree of
the similarity to humans, but the cost in time and
money is also much higher. Small animals, such as
mice and rats [9, 20], are more suitable for surgi-
cal models, because they can recover quickly and
a have stronger anti-infection ability, but skilled
operators are needed.

Heretofore, some studies have shown the
distribution of SNs around the PA in swine, dog
and rat models (Fig. 1). Rothman et al. [16] showed
that most nerves are located approximately 1 to
3 mm from the luminal aspect in the MPA of swine.
Besides, the diameter of SNs is greater than those
in the distal PA. In the LPA and RPA, almost all

Figure 1. Distribution of sympathetic nerves (SNs) of
pulmonary artery (PA) in different races. In dogs, most
nerves (yellow spots) are distributed in posterior wall of
main pulmonary artery (MPA) and left pulmonary artery
(LPA), while in swine (gray spots), the SNs are distrib-
uted mostly in posterior and right of MPA. Besides, in
PA of rats, the components of SNs around PA include
many TH-positive nerve fibers (red spots), NPY-positive
nerve fibers (purple spots) and a few CGRP-positive
nerve fibers (green spots). TH — tyrosine hydroxylase;
NPY — neuropeptide-Y; CGRP — calcitonin-gene-re-
lated peptide; RPA — right pulmonary artery.

nerves are located less than 1 mm away from intra-
artery surface. There are two distal boundaries,
including the ostium of left posterior artery and
right posterior descending artery. The nerve bun-
dles are located in the posterior and right of MPA
and posterior and lateral of the RPA [16]. But in
dogs, Zhou et al. [15] reported that PA sympathetic
nerve bundles are located in the left of MPA, and
most branches were distributed in the posterior
wall of MPA and LPA, which is different from the
distribution of SNs in swine. Furthermore, Huang
etal. [9] investigated that the distribution of nerves
was mainly in the adipose and connective tissues in
rats, especially located in posterior and right ante-
rior of MPA and PA bifurcation, which was the same
with the distribution of SNs in swine. Compared
with normal rats, the area of SNs distribution was
significantly larger in the PAH rats, and the SNs
of PAH rats mainly located in posterior and right
anterior of MPA and PA bifurcation.

382 www . cardiologyjournal.org



Yonghui Xie et al., Progress of pulmonary artery denervation

Central illustration. Schematic diagram summarizing principles and methods of pulmonary artery denervation
(PADN). The area of sympathetic nerves (SNs) distribution was significantly larger in the pulmonary arterial hyperten-
sion (PAH) animals and patients. PADN can destroy those SNs and then palliate PAH; PA — pulmonary artery.

Pulmonary artery denervation

Pulmonary artery denervation is aimed at
destroying the anatomic structures and functions
of SNs along the PA by three methods, including
chemical denervation, surgical denervation and
catheter-based denervation. Since 1980, Juratsch
et al. [21] found that elevation of mPAP increased
by balloon distension of MPA can be abolished by
destroying SNs distributed around PA bifurcation
via surgical or chemical measures [21]. From then
on, more and continuing studies are conducted to
search for the best way to perform PADN (Central
illustration).

Chemical denervation

Chemical denervation is performed via using
the SNs blocking drugs to damage nerves around
PA by intravenous infusion [21] or intraperito-
neal injection [22]. To date, there have only been
a few animal studies referring to chemical PADN,
most of the studies used 6-hydroxydopamine
(6-OHDA), a mediator of adrenergic nerves, to
destroy the activity of SNs [22]. Juratsch et al. [21]
has performed chemical denervation with 8 dogs,
and then compared the increments of mPAP post
balloon inflation in MPA. After destroying the
pulmonary adrenergic nerves, the responses to bal-
loon inflation in MPA was relieved, and increased
the value of pulmonary arterial pressure (PAP)
and PVR all declined markedly when compared

with before denervation in these dogs [21]. There
is no doubt that this way is the most convenient,
while the side effects cannot be ignored. Jiang et
al. [22] has shown that chemical sympathectomy
with administration of 6-OHDA caused dysregu-
lation of the cardiac autonomic nervous system
and myocardial injury. Moreover, administration
of 6-OHDA can produce selective degeneration
of adrenergic nerve terminals and blockades or
destroying adrenergic receptor sites [23] which
consisted of the pathogenesis of diabetes mellitus.
Thus, it is necessary to find a new drug, which is
only plays a role in SNs around PA, or find a new
way to make the drug to only influence PA nerves.
Recently, there have been many studies trying to
perform denervation with magnetic nanoparticles
(MNP) [24]. Yu et al. [25] has done autonomic den-
ervation in four major atrial ganglionated plexi (GP)
suppressed atrial fibrillation with MNP. They also
successfully ablated GP by external electromagnet
pulled Ca-MNP to the targeted GP after an injected
Ca-MNP in the coronary artery [26]. Thus, further
studies may conduct an active targeting magnetic
nanoparticle with 6-OHDA, then using magnetic
material in vitro guiding MNP with 6-OHDA in
MPA and PA bifurcation. Since aminopeptidase P
(APP) has been confirmed specifically distributed
in PA endothelium [27], an active targeting drug
delivery system can be considered, such as APP
antibody-decorated nanoparticles with 6-OHDA
loading.
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Surgical denervation

With further research being conducted, the
distribution of SNs has been clearly depicted that
many nerves located in the adipose and connective
tissues of PA adventitia [28]. The performance
of surgical denervation is mainly via removing
adipose and connective tissues of PA adventitia.
Juratsch et al. [21] performed surgical denerva-
tion in dogs with elevated PAP when the balloon
was inflated in the MPA. After denervation, both
systolic and diastolic pulmonary artery pressure of
these dogs did not significantly change when the
balloon inflated. Transthoracic pulmonary artery
denervation (TPADN) is more accurate and direct,
after thoracotomy in the left third intercostal space,
the adipose and connective tissues around the
trunk and branches of MPA were exfoliated using
microsurgical techniques. The main PA trunk and
bifurcation and the proximal regions of the LPA
and RPA were the key stripping areas for TPADN.
Compared with the sham group, the mPAP of the
test group decreased significantly after denerva-
tion. Furthermore, they demonstrated that the
muscularization rate declined after denervation [9].
Although TPADN was a more effective way to
reduce mPAP in monocrotaline PAH rat models,
still the largest limitation cannot be ignored that
the surgery itself is an invasive way with high risks,
especially for those who cannot afford anesthesia,
which makes it very difficult to apply for PAH pa-
tients, so a less invasive PADN method is needed.

Catheter-based denervation

Catheter-based denervation is already applied
to PAH patients for its micro-traumatic, low-risk
and quick effect. Many animal studies and clinical
studies have proved the curative effect of ablation
[29]. After inserting a sheath through femoral vein
and advancing to MPA and PA bifurcation after PA
angiography, then the PADN catheter was advanced
along this long sheath. Letting the circular tip place
in the lumen of MPA and PA bifurcation where SNs
were mostly distributed [30], then ablation was
conducted. For most animals and PAH patients,
the mPAP and PVR were decreased immediately
to some degree and were declining in the follow-up
months after PADN. There was some catheter-
based PADN conducted in swine [16] and dogs
[15], and these studies found that the SNs injury
induced by PADN could remain for a long time, and
PADN continually improved hemodynamic param-
eters and PA remodeling in PAH animal models
[15, 16]. To date, catheter-based PADN has been
applied in clinical trials. Chen et al. [30] did the

first PADN clinical study with low-risk idiopathic
pulmonary arterial hypertension (IPAH) patients,
and showed that the PADN procedure can improve
hemodynamic measurements and clinical pres-
entation quickly and effectively. In this trial, the
systolic PAP and mPAP of 12 patients with PADN
procedures obviously declined at once and during
the subsequent 3 months. Furthermore, during
the 3-month follow-up, these IPAH patients who
performed PADN procedures showed a significant
improvement in cardiac output and 6-min walk
distance (6WMD). In the treatment group, just
one procedure failed when the patient suddenly
experienced intolerable chest pain after the first-
place ablation (three ablation places in total), but
mPAP still reduced 6 mmHg [30]. Although this
study has investigated hemodynamic improve-
ments and functional capacity of IPAH patients
after PADN, the conclusion that PADN was an
effective therapy for medication-refractory PAH
patients was still recognized with controversies
in the low-risk type and insufficient quantity of
PAH patient individuals for nonrandomized trials,
no sham populations and not enough follow-up.
To confirm the efficacy of PADN, Chen et al. then
performed other studies that enrolled varieties of
patients from different centers, in different World
Health Organization groups and were induced by
different causes [31-33], thereafter they found that
performing PADN in the internal surface of PA can
still achieve a significant curative effect for those
PAH patients who can bear chest pain induced by
the PADN procedure after ablation. However, there
are still some patients who cannot achieve benefits
from this type of PADN. It is probably associated
with the limited depth of ablation in the lumen
and only a few SNs being destroyed. Moreover,
the TIVUS system, a novel ultrasound energy de-
livery system using a multidirectional ultrasound
catheter, is being observed because it can prolong
the depth of ablation. Rothman et al. [34] lately
conducted related animal and clinical experiments,
and manifested that PADN using catheter-based
ultrasonic energy can also improve states of pulmo-
nary hypertension (PH) in animal models and PAH
patients. In addition, studies showed that many
SN exist in the PA adventitia. And Garcia-Lunar
et al. [35] conducted an animal trial using a bipolar
radiofrequency system to perform PADN in the PA
adventitia after thoracotomy, but hemodynamic pa-
rameters of the animal models did not improve sig-
nificantly after PADN. Recently, Mahfoud et al. [36]
reported an innovative alcohol-mediated renal
denervation system which could infuse absolute
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alcohol through needles being penetrated into the
renal artery and safely decrease blood pressure in
patients. Similarly, this system also can be used
in PADN so that drugs can be injected to destroy
the SNs in the whole layer of PA, and then make
most SNs around PA inactive aiming to minimize
the over-activity of SNS and rein-angiotensin—
—aldosterone system (RAAS) in a larger extent.

Changes of sympathetic nerves after
pulmonary artery denervation

After PADN, the anatomic structure and func-
tions of SNs around PA both have been destroyed
to some extent, though PADN itself cannot destroy
all SNs. Early preclinical studies have shown that
sympathetic nerve conduction velocity (SNCV)
immediately changed when PADN was done. In
a study with 41 dogs (6 control, 10 with mPAP
< 25 mmHg after injected dehydrogenized mono-
crotaline (DHMCT), 5 with PAH but without PADN,
20 with PADN) was used to examine SNs, the 20
PAH dogs induced by DHMCT underwent PADN
at the conjunctional area between the distal MPA
and the ostial LPA with the following parameters:
a temperature of 45° to 50°, energy < 10 W, and
times of 120 s. Compared with the prior-PADN
groups, the SNCV of those with mPAP > 25 mmHg
was decreased immediately after the PADN pro-
cedure. Furthermore, in the follow-up during
3 months, SNCV was continually declining and
eventually almost equalled the control animals.
Nevertheless, in the study, the axon diameter
and myelin thickness of these dogs with mPAP
> 25 mmHg was noticeably higher than those
with mPAP <25 mmHg. Compared with the sham
group, the axon diameter and myelin thickness had
a gradual decline in the PADN group post PADN.
The same with SNCV, in the subsequent 3 months,
the axon diameter was decreasing, and the myelin
sheath was increasingly thinner over time. Even-
tually, the nerves became almost demyelinated
[15]. These findings represented that PADN can
induce serious and long-term SNs injury and then
decrease the activity of SNS [6]. Furthermore,
some studies reported that in the lung tissue, main
components of RAAS are decreased in the PADN
group [37], such as renin, angiotensin converting
enzyme (ACE), angiotensin II (Ang II), Ang I type
2 receptor (AT2 receptor), mineralocorticoid recep-
tor (MR) and Ang Il type 1 receptor (AT1 receptor),
which illustrated that the activity of RAAS was
reduced after SNs were destroyed.

Yonghui Xie et al., Progress of pulmonary artery denervation

Improvements of hemodynamic
measurements after pulmonary
artery denervation

Animal studies

Pulmonary artery denervation can almost
safely and effectively abolish the increases of
mPAP in PAH animals induced by a variety of
measures, including using balloon occlusion at the
interlobar segment [38], injecting DHMCT [9, 15]
and infusing thromboxane A2 [16]. These studies
have illustrated that PADN can decrease mPAP
immediately and mPAP continued to decline in the
following minimum of 3 months. Eventually, the
mPAP of these PAH models with PADN procedures
may even be similar to the normal animals. Zhou
et al. [15] examined the hemodynamic changes of
dogs found that compared with the sham group,
mPAP, right atrial pressure (RAP), systolic PAP,
and PVR were all significantly reduced and cardiac
output was improved in PAH dogs after the PADN
procedure. Zhang et al. [39] also investigated that
PADN is effective in the PAH rat models secondary
to heart failure, which is a disease without a useful
therapy at present.

Clinical studies

At present, only catheter-based denervation is
applied to clinical studies, and has achieved great
effect similar to animal studies. PADN has been
applied to many types of PAH patients, including
IPAH [30], PAH secondary to connective diseases,
PAH associated with congenital heart diseases [31],
combined pre- and post-capillary PH associated
with left heart failure [32] and so on. For most pa-
tients, PADN can quickly and significantly improve
hemodynamic measurements, clinical symptoms,
functional capacity and clinical follow-up. These
trials all indicated that PADN is a prospective
therapy for PAH patients, but a few patients cannot
tolerate PADN procedures for unbearable chest
pain and some patients seem to be irresponsive
to PADN. Studies reported that there are two key
adrenergic receptors (ARs) in PA, namely, 5-ARs
and a1-ARs. PADN can downregulate the density
of a1-ARs and upregulate 8-ARs in lung tissues and
then improve PA contraction and remodeling [39].
In these patients with little benefit from PADN,
perhaps it was related to the capacity of regulat-
ing ARs being lost, then the constriction of PA
cannot be mediated. Moreover, Tzafriri et al. [40]
found that arterial microanatomy could influence
effect of catheter-based renal denervation. They
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demonstrated that power density did not peak at
the arterial lumen interface where the electrode
was located, and surrounding tissues, especially in
water-rich tissues, like lymph nodes, could change
power density diffusing to a certain extent. Fur-
thermore, blood vessels adjacent to electrode could
clear power density to a great extent. Similarly,
for those patients without benefits from PADN,
perhaps this phenomenon was owing to those
surrounding tissues and vessels around the elec-
trode, which changes power density diffusing, and
then the degree of SNs destruction is insufficient
[40]. In addition, Fujisawa et al. [41] performed
PADN successfully after determining ablation
sites through observing the patient’s responses
when high-output burst electric stimulation was
applied to PA, which made the ablation sites more
appropriate and avoided damaging other important
nerves at the same time. Thus, to achieve better
benefits, PADN should be conducted individually
and clinical studies still have a long way to go.

Conclusions

In conclusion, PADN is a prospective and ef-
fective medical therapy for PAH patients, especially
for those with medication-refractory PAH or PAH
patients with limited treatment options, such as
combined pre- and post-capillary PH [42]. While
the mechanisms of PADN are still equivocal. In
addition, there are still many issues which are
eager to be resolved: (1) Previous studies have
mostly investigated the distribution, components
of SNs in animal models, and there are insufficient
studies with humans. (2) which layer is more suit-
able for conducting PADN? The adventitia? The
inner surface? Or all the layers? (3) Is TPADN,
catheter-based denervation or accurate drug-based
ablation the best method? And there already exist
newmethods for renal denervation [43], such as
alcohol-mediated denervation, ultrasonic energy-
based ablation [44] and noninvasive stereotactic
body radiotherapy [45], which brings a new di-
rection in performing PADN. (4) The long-term
efficacy, the indications and contraindications are
still indeterminate. These questions should be
answered by further studies.
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Abstract

Background: The agreement between single-projection Murray-based quantitative flow ratio (uQFR)
and conventional three-dimensional quantitative flow ratio (3D-QFR) has not been reported hitherto.
Methods: Patients from a multinational database were randomly selected for the study of agreement,
according to sample size calculation. Both conventional 3D-QFR and uQFR were analyzed for all avail-
able arteries at a central corelab by independent analysts, blinded to each other’s results.

Results: Ninety-eight coronary arteries from 35 patients were finally analyzed. Median 3D-QFR was
0.82 (interquartile range 0.78-0.87). The intraclass correlation coefficient for the absolute agreement
between 3D-QFR and uQFR was 0.996 (95% confidence interval [CI]: 0.993—-0.997); Lin’s coefficient
0.996 (95% CI: 0.993-0.997), without constant or proportional bias (intercept = 0 and slope = 1 in ortho-
gonal regression). As dichotomous variable, there was absolute agreement between uQFR and 3D-QFR,
resulting in no single false positive or negative. Kappa index was 1 and the diagnostic accuracy 100%.
Conclusions: uQFR using a single angiographic projection showed almost perfect agreement with
standard 3D-QFR. These results encourage the interchangeable use of uQFR and 3D-QFR, which can
be interesting to improve QFR feasibility in retrospective studies, wherein appropriate double angio-
graphic projections might be challenging to obtain. (Cardiol ] 2022; 29, 3: 388-395)
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Introduction

Physiology-based decision-making about the
need for revascularization in patients with stable
coronary heart disease has consistently proven
better clinical outcomes than a merely anatomical
approach [1-5]. Notwithstanding this compel-
ling evidence, the penetration of physiology in
real-world surveys is still scarce [6-10], although
modestly increasing over time [11]. Against cur-
rent guideline recommendations [12], the indica-
tion for revascularization in most patients with
chronic coronary syndromes still relies on coronary
angiography alone, without a proper functional
assessment [6-10]. The reasons for this evidence-
-reality mismatch are multifactorial: the increase in
costs and in procedural complexity of wire-based
physiology, patient’s discomfort during the induc-
tion of hyperemia, gaps in the operator training or
the inertia of interventional teams to change their
traditional modus operandi have been advocated to
explain this phenomenon [8, 9, 13, 14].

Computational physiology has been developed
to overcome the limitations of wire-based physiology
and to increase the penetration of invasive functional
assessment in coronary stenosis. The basic concept
of computational physiology consists of an imaging-
-based rendering of the coronary anatomy to sub-
sequently apply computational fluid dynamics, with
the aim of estimating the pressure drop along the
artery [10, 15, 16]. Intense research on this topic has
resulted in a substantial simplification of the process,
up to the point of circumventing the computational
fluid dynamics simulation and substituting it for faster
algorithms that allow a remarkably accurate estima-
tion of fractional flow reserve (FFR) in a few seconds
[14, 17]. Likewise, specific computational physiology
algorithms are currently available for different imag-
ing modalities: coronary angiography [15, 17-19],
optical coherence tomography [14], intravascular
ultrasound [20] or even non-invasive computed to-
mography angiography [21].

Quantitative flow ratio (QFR) is the most
widespread method of computational physiology
based on coronary angiography. Although several
studies have proven the outstanding accuracy of
QFR to estimate FFR [15, 17-19], the requirement
of two good-quality orthogonal/separate projections
for the three-dimensional (3D) rendering of the
coronary lumen cannot be always accomplished,
thus resulting in a proportion around 15% of cases
unsuitable for analysis in retrospective studies
[19, 22]. Murray law-based QFR (uQFR) is a novel
computational method that enables accurate esti-

Carlos Cortés et al., Agreement between pQFR and 3D-QFR

mation of FFR based on the analysis of a single
angiographic projection with adequate quality [23],
adjusting both the reference vessel diameter and
the outgoing flow through side branches according
to fractal geometry [16, 24]. A post-hoc analysis
of patients recruited in the FAVOR (Functional
Diagnostic Accuracy of Quantitative Flow Ratio in
Online Assessment of Coronary Stenosis) I China
study (NCT03191708) has reported excellent
agreement between uQFR and FFR [23]. None-
theless, agreement between uQFR and standard
QFR based on 3D lumen reconstruction has not
been reported hitherto, thus leaving a gap in the
evidence about whether both methods could be
indistinctly applicable in retrospective studies,
depending on the quality of the angiographic pro-
jections available.

Methods

Study population

Real-world patients from two different retro-
spective cohorts, with clinical suspicion of stable
coronary heart disease were screened for the
current study. Inclusion criteria were: 1) having
undergone a coronary angiography between 2015
and 2021; 2) mild to severe stenosis in > 1 major
coronary artery. Exclusion criteria were: hemo-
dynamic or electrical instability at the moment of
angiography acquisition; the analyzed lesion being
the culprit vessel of an acute coronary syndrome
in the past 7 days; chronic total occlusion of any
coronary artery; bypass graft connected to the
target vessel; presence of a stent in the target ves-
sel or impossibility to provide informed consent to
the analysis. Patients stemmed from a multicenter
national registry of stable coronary heart disease
in Spain (NCT05251012, Spanish cohort) and from
Ruijin University Hospital in Shanghai (Chinese
cohort). In order to shorten the analysis time,
a sample of 35 patients, according to sample size
calculation, were randomly selected for the study,
using a computer-generated sequence of random
numbers between 0 and 1, that were consecutively
adjudicated to the patients. The patients with the
highest adjudicated random score were selected
until completing the predefined sample in a 3:2
ratio between the Spanish and Chinese cohorts,
respectively, as agreed upon by the investigators.

The study complied with the principles of good
clinical practice and with the Declaration of Helsinki
for investigations in human beings. The study protocol
was approved by the corresponding Ethics Committee
and institutional review boards. All patients signed
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informed consent to the anonymized use of their
personal data for scientific or quality-control purposes.

Angiographic analysis

Angiographic images were recorded at > 15
frames/s by monoplane X-rays systems (Allura
Xper FD20, Philips; Artist Q Zeego, Siemens;
Innova 1GS520, GE). Angiographic projections
with minimal overlap and foreshortening at the
corresponding target lesions were selected for
offline analysis by two experienced and independ-
ent operators at an official and regularly audited
corelab (Cardiovascular Imaging Core Laboratory
of the Shanghai Jiao Tong University School of
Medicine, Shanghai, China), using computerized
edge-detection quantitative coronary angiography
(QCA) software (AngioPlus Core, Pulse Medical
Imaging Technology, Shanghai, China). All analysts
were blinded to clinical, angiographic and functional
data of the patients at all steps.

Three-dimensional quantitative flow ratio
(3D-QFR)

Two angiographic projections, acquired > 25°
apart, were used for 3D reconstruction of the tar-
get arteries. Markers were manually placed at the
proximal and distal segments of the target vessel
to guide the automatic lumen contour detection. In
case of misleading vessel track, additional points
markers could be placed along the lumen or the
vessel contour could be manually edited. QCA was
performed, reporting reference vessel diameters,
minimal lumen diameter, minimal lumen area and
percent diameter/area stenosis. 3D-QFR was ob-
tained by means of artificial-intelligence (Al)-aided
computation software (AngioPlus Core, Pulse
Medical Imaging Technology, Shanghai, China),
combining the 3D reconstruction of the angiogram
with the estimation of coronary flow rendered by
Al-analysis of the coronary filling velocity, as previ-
ously described [25].

In cases where 3D-QFR could not be obtained
due to recording of a single projection of the tar-
get vessel, insufficient separation of the second
projection, incomplete filming of the target artery,
panning or irregular coronary filling, the case was
labelled as non-analysable and the causes for it
were registered.

Murray-law based quantitate flow ratio
(LQFR)

Murray-law based quantitate flow ratio was
calculated using Al-aided computation software
(AngioPlus Core Pulse Medical Imaging Technol-

ogy, Shanghai, China), as previously described
[23]. Briefly, a single angiographic projection, in
which the coronary stenosis was best visualized,
minimising foreshortening and vessel overlap,
was selected by the operator. The angiographic
projection could be part of the pair normally used
for 3D-QFR or being a totally different projection,
at the operator’s discretion. The lumen contour of
the main vessel and its side branches with > 1 mm
caliber was automatically delineated by artificial
intelligence throughout the angiographic loop. The
frame in which the lumen contour of the lesion was
best depicted was selected by the operator for the
computation. uQFR was then calculated, based
on this single angiographic projection, but taking
into account the outgoing flow through the side
branches to calculate both the reference diameters
and the pressure drop along the stenotic segment,
according to Murray’s fractal law [10, 16, 24].

A paradigmatic example of analysis by 3D-QFR
and uQFR is presented at Figure 1.

Statistical analysis

Dichotomous and categorical variables were
presented as counts (percentages). Continuous
variables were presented as mean = 95% con-
fidence interval (CI). 3D-QFR and uQFR were
dichotomised with a cut-off value of 0.80, thus
defining < 0.80 as significant and > 0.80 as non-
-significant. Continuous variables were compared
with the t-Student test for unpaired samples, whilst
dichotomous and categorical values were compared
with the Fisher exact test. A Gaussian distribution
of continuous variables was checked by means of
the Saphiro-Wilk test.

Due to the difficulty of defining a gold standard
for the comparison QFR vs. uQFR, non-parametric
Passing-Bablok orthogonal regression was per-
formed to analyze correlation and eventual bias.
Constant and proportional bias were evaluated as
the deviation of the intercept from 0 and the devia-
tion of the slope from 1 in the orthogonal regression
model, respectively. The agreement as continuous
variables was analyzed by means of Lin’s coef-
ficient, intraclass correlation coefficients for the
absolute agreement (ICCa) and the Bland-Altman
method. The agreement as dichotomous variables
was assessed by means of kappa coefficient.

Pre-specified subgroup analysis was per-
formed at the Spanish and Chinese cohorts, to
assess the consistency between these populations.

For sample size calculation, the diagnostic
accuracy of uQFR to predict the significance of
3D-QFR as dichotomous variable was assumed
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Figure 1. Paradigmatic example of both quantitative flow ratio (QFR) modalities: ©QFR (A) and three-dimensional

quantitative flow ratio (3D-QFR) (B).

to be superior to the agreement of the most ac-
curate computational method to date, i.e., optical
flow ratio, with a diagnostic accuracy 93% in the
pivotal prospective study [14]. Therefore, assum-
ing a diagnostic accuracy > 94%, with a precision
of the estimation (¢) of 5% in the interval and
a 5% likelihood of a-error, in two-sided calculation,
the number of vessels required for a head-to-head
comparison would be 87. Considering that 2.5 ves-
sels would be on average analysable per patient,
according to previous QFR multivessel studies
[26], a sample of 35 patients would be able to pro-
vide sufficient statistical power to guarantee the
precision of the estimation.

All statistical analysis was performed with
Stata (16.1, StataCorp LLC, College Station, TX).

Results

Between 2015 and 2021, 803 patients were
included into the Spanish registry, whilst 498 coro-
nary angiographies fulfilling the inclusion criteria
were performed at the Ruijin Hospital in March
2021. After screening at the corelab, 102 patients
from the Spanish cohort and 107 patients from the
Chinese cohort were excluded (Fig. 2), resulting

in a total of 1092 potentially eligible patients (2878
coronary arteries), among whom 35 of them were
randomly selected for the current analysis.

A total of 98 coronary arteries from 35 patients
were finally analyzed: 56 (57.1%) from the Spanish
cohort and 42 (42.9%) from the Chinese cohort. Pa-
tients’ procedural and lesion characteristics, includ-
ing QCA and computational physiology parameters
of 3D-QFR and uQFR, are presented in Table 1.
The Chinese cohort had significantly shorter
lesions (17.05 vs. 24.30 mm, p = 0.025), with
a milder degree of stenosis (31.07% vs. 41.06%,
p = 0.008) than the Spanish cohort, thus resulting
in a non-significant trend to higher physiology val-
ues (3D-QFR: 0.85 vs. 0.80, p = 0.250; uQFR: 0.85
vs. 0.79, p = 0.204). The three coronary territories
were equally represented (left anterior descending
artery: 34.69%, circumflex artery: 33.67%, right
coronary artery: 31.63%).

Agreement between 3D-QFR and pQFR
in the global sample

As continuous variables, u-QFR and 3D-QFR
showed excellent agreement: ICCa 0.996 (95%
CI: 0.993-0.997); Lin’s coefficient 0.996 (95% CI:
0.993-0.997), without constant or proportional
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Spanish cohort

Chinese cohort

803 patients screened
2087 coronary arteries

498 patients screened
1344 coronary arteries

102 patients excluded
s — 59 patients with CTO
— 43 patients with CABG

/

107 patients excluded
— 59 patients with CTO
> — 33 patients with CABG
— 15 hemodynamic or electrical instability
at the moment of angiography acquisition

A

701 eligible patients
1822 coronary arteries

b T

391 eligible patients
1056 coronary arteries

| Randomization

21 patients (56 vessels) analyzed }J

-—| 14 patients (52 vessels) analyzed

Figure 2. Flow chart; CABG — coronary artery bypass grafting; CTO — chronic total occlusion.

bias (intercept = 0 and slope = 1 in orthogonal
regression). The estimation of the orthogonal
regression line (Passing and Bablok method) and
Bland-Altman graphics are represented in Figure 3.
As dichotomous variable, there was absolute
agreement between uQFR and 3D-QFR, resulting
in no single false positive or negative. Kappa index
was 1 and the diagnostic accuracy 100%, meeting the
premise used for sample size calculation (> 94%).

Consistency between cohorts

Evaluating each cohort separately, the agree-
ment between both methods showed similar val-
ues: ICCa was 0.996 (95% CI: 0.992-0.997) and
0.999 (95% CI: 0.999-0.999) in the Spanish and
Chinese cohorts, respectively.

Non-analysable cases by 3D-QFR

All cases in the study could be analyzed by
u-QFR (retrospective feasibility 100%), whilst only
86 coronary arteries were analysable by 3D-QFR
(retrospective feasibility of 87.76%). Four (4.08%)
cases were unsuitable for 3D-QFR analysis due to
lack of adequate second angiographic views of the
target vessel for 3D reconstruction and 8 (8.16%)
cases due to poor image quality with excessive
overlap. The unsuitability for retrospective 3D-
-QFR analysis tended to be more frequent in the
Spanish than in the Chinese cohort (16.1 vs. 7.1%,
p = 0.225).

Discussion

The main findings of this study can be sum-
marised as follows: 1) Murray-law based uQFR

392

using a single angiographic projection and standard
3D-QFR using two angiographic projections show
practically perfect agreement, both as continuous
or as dichotomous variables, with negligible inci-
dence of discordant cases; 2) The retrospective
feasibility of standard 3D-QCR is 87.76%, lower
than reported in prospective studies, mostly due
to the lack of an appropriate second projection,
but it can be substantially increased in the case of
uQFR, because it only requires a single projection
of good quality per target vessel; 3) These results
are consistent throughout different cohorts, stem-
ming from different geographic regions or acquired
at different times.

These results are consistent with the diagnos-
tic accuracy reported for both methods against FFR
in the FAVOR II China cohort (92.7% for 3D-QFR
and 93.0% for uQFR) [23]. The superior agreement
between both computational methods, as compared
to the agreement reported for an invasive gold
standard, might be considered as a proof of concept,
1.e., that the simplified method, based on a single
angiographic projection, preserves the rationale
and the accuracy of the original 3D-QFR, whilst
sparing extra time and efforts to the operator. Ac-
tually, the agreement tends to be close to perfect,
with indexes close to 1 and negligible incidence of
discordance in the dichotomous classification as
significant/non-significant, thus confirming its huge
potential for routine clinical applications.

The almost perfect agreement between both
methods encourages the interchangeable use
of 3D-QFR or uQFR in retrospective studies of
computational physiology, whenever a proper 3D
reconstruction of the angiography cannot be reli-
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Patient level N =35 Spanish cohort (n = 21) Chinese cohort (n = 14) P
Male 25 (71.4%) 14 (66.7%) 11 (78.6%) 0.445
Age [years] (95% CI) 65.8 (61.9-72.9) 65.1 (59.6-70.6) 66.9 (61.0-72.9) 0.639
BMI (95% Cl) 25.4 (24.2-26.7) 26.6 (25.0-28.2) 23.7 (22.1-25.4) 0.016
Cardiovascular risk factors:
Hypertension 28 (80.0%) 18 (85.7%) 10 (71.4%) 0.301
Hypercholesterolemia 16 (45.7%) 16 (76.2%) 8 (57.1%) 0.505
Diabetes mellitus: 10 (28.6%) 8 (38.1%) 2 (14.3%) 0.127
Type 2 on OAD 8 (22.9%) 6 (28.6%) 2 (14.3%) 0.324
Type 2 on insulin 2 (5.7%) 2 (9.5%) 0 (0.0%) 0.234
Smoking: 20 (57.1%) 12 (57.1%) 8 (57.1%) 1.000
Previous smoker 8 (22.9%) 5 (23.8%) 3(21.4%) 0.869
Current smoker 12 (34.3%) 7 (33.3%) 5 (35.7%) 0.884
Previous Ml 7 (20.0%) 5 (23.8%) 2 (14.3%) 0.490
Previous revascularization 7 (20.0%) 4 (19.1%) 3(21.4%) 0.863
GFR [mL/min] (95% ClI) 77.4 (68.5-86.2) 75.1 (60.8-89.4) 80.8 (72.3-89.3) 0.530
Hemoglobin [g/dL] (95% CI)  14.0 (13.5-14.5) 14.3 (13.5-15.0) 13.5 (12.8-14.2) 0.141
LVEF [%] (95% Cl) 58.8 (55.2-62.4) 54.7 (49.6-59.8) 64.9 (62.4-67.5) 0.002
Procedural variables
Syntax score (95% Cl) 9.3 (6.9-11.6) 9.3 (6.2-12.4) 9.2 (5.1-13.4) 0.973
Fluoroscopy [min] (95% Cl) 12.2 (9.0-15.4) 12.8 (8.7-16.9) 11.3 (56.5-17.1) 0.645
Clinical indication 0.004
Stable disease 29 (82.9%) 21 (100.0%) 8 (57.1%)
Unstable angina 5(14.7%) 0 (0.0%) 5 (35.7%)
Non-ST-elevation Ml 1(2.9%) 0 (0.0%) 1(7.1%)
Vessels N =98 N = 56 N =42 0.947
LAD 34 (34.7%) 20 (35.7%) 14 (33.3%)
LCX 33 (33.7%) 19 (33.9%) 14 (33.3%)
RCA 31 (31.6%) 17 (30.4%) 14 (33.3%)
Lesions (3D-QFR < 0.80) 24 (24.5%) 18 (32.1%) 6 (14.3%) 0.057
Calcification:
None to little 78 (79.6%) 42 (75.0%) 36 (87.7%) 0.216
Moderate to severe 20 (20.4%) 14 (25.0%) 6 (14.3%) 0.216
Lesion length [mm] 20.99 (18.0-24.0) 24.30 (19.5-29.1) 17.05 (13.1-21.0) 0.025
RVD [mm] 2.60 (2.5-2.7) 2.56 (2.4-2.8) 2.70 (2.5-2.9) 0.337
MLD [mm] 1.62 (1.5-1.8) 1.5 (1.3-1.6) 1.8 (1.6-2.1) 0.018
DS [%] 38.37 (34.8-42.0) 41.06 (36.9-45.2) 31.07 (24.7-37.4) 0.008
3D-QFR (95% Cl) 0.82 (0.78-0.87) 0.80 (0.74-0.86) 0.85 (0.77-0.94) 0.250
nQFR (95% Cl) 0.81 (0.76-0.85) 0.79 (0.73-0.85) 0.85 (0.77-0.94) 0.204

Data presented as counts (percent), mean (standard deviation) or median (P — P;s); 3D-QFR — three-dimensional quantitative flow ratio;
BMI — body mass index; Cl — confidence interval; DS — diameter stenosis; GFR — glomerular filtration rate by Cockroft-Gault method;
LAD — left anterior descending artery; LCX — left circumflex artery; LVEF — left ventricular ejection fraction; MLD — minimal lumen diameter;
MI — myocardial infarction; OAD — oral antidiabetics; PCl — percutaneous coronary intervention; RCA — right coronary artery; RVD — reference
vessel diameter; ©QFR (microQFR) — single angiographic view quantitative flow ratio

ably performed. In the current retrospective study,
12.24% of the arteries were unsuitable for standard
3D-QFR, in line with previous retrospective re-

ports, in which the unfeasibility was around 15%
[19, 22]. This retrospective feasibility is sensibly
lower than that reported for prospective stud-
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Figure 3. Agreement between three-dimensional quantitative flow ratio (3D-QFR) and single angiographic view quanti-
tative flow ratio (tQFR) estimated by orthogonal regression line in panel A (Passing-Bablok method) and Bland-Altman

graphics in panel B.

ies [15, 17], wherein a dedicated acquisition was
upfront pursued to optimize the QFR calculation.
This aspect might be important not only for scien-
tific purposes, but also for clinical applications, for
instance to avoid staged procedures in non-infarct-
related artery lesions after primary percutaneous
coronary intervention [26, 27].

Likewise, the excellent agreement of uQFR
with standard 3D-QFR methods reassures the
results reported in previous studies, in which
the novel method proved excellent diagnostic
accuracy, as compared with wire-based FFR [23].
This methodologically simplified but still accurate
method could help to increase the penetration of
physiology in routine clinical practice, which is
still suboptimal in real-life [6-10]. Indeed, cur-
rent evidence can hardly justify the use of plain
angiography for decision-making about the need
of revascularization in stable coronary heart dis-
ease, as physiology-guided revascularization has
consistently proven superior clinical outcomes to
anatomy-guided revascularization [1-5].

Limitations of the study

The retrospective design of the present study
might be regarded as a limitation, as it controls
the possibility of selection bias in an imperfect
way, notwithstanding the careful methodological
design. Nonetheless, the retrospective design was
explicitly preferred in this case, because it was the
setting in which eventual differences in feasibility
was most likely to be unravelled.

The analysis was centrally performed offline
by highly expert analysts in a certified corelab.

394

The agreement onsite between both methods,
performed by local operators should be appraised
in future studies.

The 3D-QFR used in this study (Pulse Medi-
cal, Shanghai, China) also takes into account the
fractal geometry at the bifurcations. This might
have favoured the optimal agreement between the
methods, which might be not directly extrapolated
to other methods of computational physiology
which do not take Murray’s law into account.

The accuracy of uQFR could be theoretically
jeopardized in highly eccentric lesions, in which
the differences in computed QFR between an-
giographic projections might be exaggerated.
In the study sample, this theoretical inaccuracy
was not clearly unveiled in any single case. The
retrospective design, relying exclusively on an-
giography, makes the assessment of eccentricity
somewhat difficult and subjective in the current
study, but it is worthy of specific clarification in
future studies.

Conclusions

Murray-law based quantitative flow ratio using
a single angiographic projection showed excellent
agreement with standard 3D-QFR and improved
the feasibility of the latter in retrospective studies.
These results encourage the interchangeable use
of uQFR whenever a proper 3D-QFR cannot be
reliably calculated due to lack of suitable double
projections.

Conflict of interest: None declared
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Abstract

Background: Patients with prior coronary artery bypass graft (CABG) surgery often require percuta-
neous coronary intervention (PCI). Data are still limited in regards to the outcomes of native saphenous
vein graft (SVG) PCI after CABG.

Methods: We performed a retrospective study in a tertiary reference cardiac center of consecutive pa-
tients who underwent PCI after CABG. The data were collected for patients who underwent either native
or graft PCI from January 2008 to December 2018. Arterial graft PCIs were excluded. Multivariable
Cox regression analysis with propensity matching was performed, and major adverse cardiac events
(MACE) outcomes including death or myocardial infarction (MI) or revascularization were assessed
at 1-year after each index procedure.

Results: A fotal of 435 PCI were performed in 401 patients (209 had native PCI and 192 had graft
PCI). Target lesions were classified as following: 235 (54%) native coronary arteries and 200 (46%)
SVG. Propensity matching resulted in 167 matched pairs. In multivariable Cox regression graft PCI
relative to native PCI was an independent risk factor for MACE (hazard ratio [HR] 1.725, 95%
confidence mnterval [CI] 1.049-2.837) which was primarily driven by increased incidence in revascu-
larization (HR 2.218, 95% CI 1.193-4.122) and MI (HR 2.248, 95% CI 1.220-4.142) and with no
significant difference in mortality (HR 1.118, 95% CI 0.435-2.870).

Conclusions: Compared with native coronary PCI, bypass graft PCI was significantly associated with
higher incidence of MACE at 1-year and this was mainly driven by MI and revascularization. (Cardiol ]
2022; 29, 3: 396-404)

Key words: acute coronary syndrome, coronary artery bypass graft, coronary artery
disease, major adverse cardiac event, percutaneous coronary intervention

Introduction

Patients with prior coronary artery bypass
graft (CABG) surgery often require repeat revas-
cularization either due to graft failure or a combi-
nation of graft failure and progression of coronary

atherosclerosis. Thrombosis, intimal hyperplasia
and atherosclerosis are the main pathological pro-
cesses underlying saphenous venous grafts disease
[1]. Early thrombosis is the principle cause of vein
graft attrition during the first month after bypass
surgery, with intimal hyperplasia being an issue
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during the remainder of the first year. Thereafter,
atherogenesis predominates. The optimal revas-
cularization strategy of patients with prior CABG
and graft failure remains a subject of debate. Redo
surgeries are associated with higher morbidity and
mortality as well as poorer outcomes compared to
initial operations [2]. Furthermore, there is limited
evidence on the optimal percutaneous coronary in-
tervention (PCI) option (i.e. native coronary artery
or graft PCI) in such population. Present study was
conducted to compare 1-year major adverse cardiac
events (MACE) of native versus graft PCI.

Methods

This is a retrospective study performed in
a tertiary cardiac center of CABG patients who
underwent subsequent PCI. The data were col-
lected for consecutive patients who underwent
either native or graft PCI from January 2008 to
December 2018. Arterial graft PCI patients were
excluded from the study. The procedural data for
the patients who underwent PCI were collected
from our local catheterization laboratory database.
If a patient had more than one procedure during the
study period, the first PCI was considered as the
index procedure and the subsequent procedures
were considered as outcomes. If a patient had
undergone more than one PCI in the same first
procedure during the study time period, all lesions
intervened on underwent analysis. However, if
those PCI involved both native and saphenous vein
graft (SVG) interventions, then the patient was
included in the SVG PCI study arm. The primary
end point was 1-year MACE defined as a composite
of death, myocardial infarction (MI) or target vessel
revascularization. Secondary endpoints included
angiographic complications (no-reflow, dissection
and perforation). Patients’ mortality was identified
from the hospital clinical system which is updated
regularly from the United Kingdom’s Office of
National Statistics. All outcomes were assessed
at 1-year after each index procedure.

Statistical analysis

Continuous variables are presented as means
(SD) or medians (IQR). For normally distributed
variables, Student’s t-test was used, whereas in
samples with non-normal distribution Mann-Whit-
ney U test was used. Categorical variables were
compared with the use of Fisher’s exact tests
(2-sided). To best control for the non-random as-
signment of patients to 1 of 2 PCI approaches, we
have used a combination of matching methods: it

1s matched exactly on the categorical variables
(gender, diabetes, chronic kidney disease, hyper-
tension, urgency of procedures and clinical presen-
tation [angina or acute coronary syndrome; ACS])
and used a propensity score on the age variable.
So, in each matched pair the age may vary slightly
but the other covariates all take exactly the same
value. Matching resulted in 167 matched pairs.
Kaplan—-Meier curves for outcomes and compared
with the use of the log-rank test. For multivariable
analysis, the Cox regression model was applied.
Estimated hazard ratios (HR) and their 95% con-
fident intervals (CI) were calculated. Two-sided
statistics were performed with a p-value less than
0.05 determining significance. Statistical analysis
was performed using SPSS v.25.0 IBM Corp.,
Armonk, New York, United States).

Results

A total of 435 PCI were performed to 401
patients during the study period. They were clas-
sified as following: native coronary artery (235
[564%]1), SVG (200 [46%]), The native vessel and
SVG intervention had comparable baseline char-
acteristics, left ventricular ejection fraction and
clinical presentation (angina and ACS) as shown
in Table 1. Graft age was greater in patients who
underwent graft PCI. Femoral access was used in
over half of both groups with no statistical differ-
ence between two groups. Most bypass graft target
lesions were located at the body of the graft 58.6%.
Compared with patients who underwent bypass
graft PCI, those who underwent native coronary
artery PCI were more likely to undergo PCI of
a chronic total occlusion (CTO) or to an in-stent
restenosis (ISR). In native vessel PCI, there was
a greater likelihood of requiring more than one
stent. However, in graft PCI stent diameters
were larger. Regarding the length of the stents,
there was no statistical difference between the
two groups. In comparison to native coronary le-
sions, graft lesions were more likely to be treated
with bare-metal stents (BMS) and drug eluting
balloon. Patients in native PCI group were more
likely to have post-procedural Thrombolysis in
Myocardial Infarction III flow. Statistically, there
was no difference in fluoroscopy time and contrast
amount between both groups (Table 2). No reflow
phenomenon was significantly more frequent in
patients undergoing graft PCI compared to patients
with native artery PCI (10% vs. 0.4%, p < 0.001)
(Table 3). Matched groups analysis resulted in
a significant difference in age between both groups
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Table 1. Baseline characteristics and presentation of patients undergoing native and graft percutaneous
coronary intervention, before and after matching.

Parameter Before matching After matching

Native coronary SVG PCI P Native coronary SVG PCI P

PCI (209) (192) PCI (167) (167)

Demographics
Age, median (IQR) 70 [62-76] 70 [65-78] 0.090 71 [63-76] 71 [66-79] 0.023
Female 28 (13%) 29 (15%) 0.669 23 (14%) 23 (14%) 1
Comorbidities
Diabetes 84 (40%) 77 (40%) 1 67 (40%) 67 (40%) 1
Hypertension 148 (71%) 123 (64%) 0.166 112 (67 %) 112 (67 %) 1
Hyperlipidemia 99 (47%) 87 (45%) 0.690 78 (47%) 80 (48%) 0.913
Chronic kidney disease 30 (14%) 28 (15%) 1 23 (14%) 23 (14%) 1
Dialysis 3 (1%) 4 (2%) 0.714 3 (2%) 4 (2%) 1
Previous Ml 156 (75%) 130 (68%) 0.151 122 (73%) 113 (68%) 0.338
Previous PCI 53 (25%) 47 (25%) 0.908 40 (24%) 40 (24%) 1
Reduced left ventricular 60 (29%) 45 (23%) 0.256 50 (30%) 36 (22%) 0.103

systolic function
(LVEF < 40%)

Years from CABG, 10 [7-14] 12 [9-15] 0.002 10 [7-14] 12 [9-15] 0.003
median (IQR)

Presentation

Urgent procedure 102 (49%) 116 (60%) 0.021 97 (58%) 97 (58%) 1
Angina 106 (51%) 76 (40%) 0.061 70 (42%) 70 (42%) 0.899
NSTEMI 66 (32%) 80 (42%) 63 (38%) 66 (40%)

STEMI 37 (18%) 36 (19%) 34 (20%) 31 (19%)

CABG — coronary artery bypass graft; IQR — interquartile range; LVEF — left ventricular ejection fraction; Ml — myocardial infarction;
NSTEMI — non-ST-segment elevation myocardial infarction; PCl — percutaneous coronary intervention; STEMI — ST-segment elevation
myocardial infarction; SVG — saphenous vein graft

Table 2. Lesion characteristics and procedural details, before and after matching.

Parameter Before matching After matching

Native coronary SVG PCI P Native coronary SVG PCI P

PCI (235) (200) PCI (189) (176)

Femoral access 121 (52%) 111 (56%) 0.441 93 (49%) 97 (55%) 0.295
Targeted vessel
LM 28 (12%) - - 25 (13%) - -
LAD/diagonal 45 (19%) 48 (24%) 37 (20%) 42 (24%)
LCX/OM 76 (32%) 83 (42%) 59 (31%) 76 (42%)
RCA/PDA/PLV 86 (37%) 69 (33%) 68 (36%) 58 (33%)
Lesion characteristic
In-stent restenosis 26 (11%) 12 (6%) 0.087 18 (10%) 11 (6%) 0.245
True bifurcation 5 (1%) - - 5 (3%) 0 -
Graft aortic anastomosis - 63 (31.5%) - - 58 (33%) -
Graft body - 119 (59.5%) - 102 (58%) -
Graft distal anastomosis - 18 (9.0%) - - 16 (9%) -
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Table 2 (cont.). Lesion characteristics and procedural details, before and after matching.

Parameter Before matching After matching

Native coronary SVG PCI P Native coronary SVG PCI P

PCI (235) (200) PCI (189) (176)

Stents characteristics and TIMI flow
Number of stents, 1[1-2] 1[1-1] < 0.001 1[1-2] 1[1-1] < 0.001
median (IQR)
Length of stents [mm], 23 [16-32] 22 [16-28] 0.114 23.5 [17-32] 22 [16-28] 0.138
median (IQR)
Diameter of stents [mm], 3 [2.75-3.5] 3.5 [3.0-4.0] < 0.001 3.0 [2.75-3.5] 3.5 [3.0-4.0] < 0.001
median (IQR)
Bare metal stents 22 (10%) 42 (20%) < 0.001 15 (8%) 37 (21%) < 0.001
Drug eluting stents 201 (87%) 138 (69%) 164 (88%) 121 (69%)
Drug eluting balloons 9 (4%) 19 (10%) 7 (4%) 17 (10%)
Pre-procedural TIMI flow
TIMI [l flow 165 (70%) 135 (68%) 0.136 129 (68%) 120 (68%) 0.154
TIMI 1l flow 20 (9%) 14 (7%) 18 (10%) 10 (6%)
TIMI | flow 7 (3%) 16 (8%) 7 (4%) 15 (9%)
TIMI O flow 43 (18%) 35 (18%) 35 (19%) 31 (18%)
Post-procedural TIMI flow
TIMI Il flow 233 (99%) 179 (90%) < 0.001 187 (99%) 157 (89%) < 0.001
TIMI Il flow 1 (0.4%) 7 (4%) 1 (0.5%) 7 (4%)
TIMI | flow 1 (0.4%) 6 (3%) 1 (0.5%) 5 (3%)
TIMI 0 flow 0 8 (4%) 0 7 (4%)
Contrast amount, 230 [170-320] 230 [160-310] 0.643 230 [175-320] 230 [160-300] 0.422
median (IQR) [mL]
Fluoroscopy time, 16.5 [11-25] 16.5[11-24.5] 0.824  17.5[11.5-25.75] 18 [11-26] 0.951

median (IQR) [min]

IQR — interquartile range; PCl — percutaneous coronary intervention; SVG — saphenous vein graft; TIMl — Thrombolysis in Myocardial

Infarction

Table 3. Peri-procedural complications before and after matching.

Parameter Before matching After matching
Native coronary SVG PCI P Native coronary SVG PCI P
PCI (235) (200) PCI (189) (176)
No reflow 1 (0.4%) 19 (10%) < 0.001 1 (0.5%) 16 (9%) < 0.001
Dissection 7 (3%) 2 (1%) 0.188 6 (3%) 2 (1%) 0.286
Perforation 3 (1%) 0 - 2 (1%) 0 -
Intra-aortic balloon pump 6 (3%) 3 (2%) 0.337 6 (3%) 3 (2%) 0.505

PCl — percutaneous coronary intervention; SVG — saphenous vein graft

(p = 0.023), however the size of the difference was
not large (median age 71 [63-76] vs. 71 [66-79] in
native PCI and SVG PCI groups, respectively). On
the other hand, after matching the presentation
(stable angina or ACS) was equally distributed

www . cardiologyjournal.org

across the two groups. The lesion characteristics
of matched patient groups were comparable to
those prior to matching. Patients who underwent
graft PCI had a significantly higher incidence of
MACE (Fig. 1), principally driven by MI (Fig. 2)
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Figure 1. Myocardial infarction or revascularization or
death after index percutaneous coronary intervention
(PCI) in matched groups.

Figure 2. Myocardial infarction after index percutaneous
coronary intervention (PCI) in matched groups.
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Figure 3. Revascularization after index percutaneous
coronary intervention (PCl) in matched groups.

and revascularization rate (Fig. 3), while there was
no significant difference in mortality (Fig. 4).

In multivariable Cox regression analysis (Ta-
ble 4) the only factor associated with MACE was
graft PCI compared to native PCI (HR 1.725, 95%
CI 1.049-2.837, p = 0.032). Age, urgency of the
procedure, history of MI, diabetes, hypertension,
hyperlipidemia, previous PCI, left ventricular ejec-
tion fraction, contrast amount used and fluoroscopy
time were not significantly associated with MACE.
Detailed Cox regression analyses on mortality, MI
and revascularization are presented in Tables 5-7,
respectively.

Figure 4. Mortality after index percutaneous coronary
intervention (PCI) in matched groups.

Discussion

This single-center study which compares out-
comes of PCI in patients with previous CABG has
a number of interesting findings. Although there
was no statistical difference in the baseline demo-
graphics of the two patient groups (Table 1), SVG
PCIs were more likely to be urgent procedures.
To reduce selection bias, there was a preponder-
ance of males in the present study (86%). There
was an even greater disproportion as reported by
Brilakis et al. (99% of males) [3]. This significant
underrepresentation of females with prior CABG
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Table 4. Multivariate Cox regression with regard to major adverse cardiac events in matched groups.

Parameter Hazard ratio 95% CI P

Age [years] 0.990 0.964-1.017 0.467
Type of procedure (urgent vs. elective) 0.913 0.551-1.513 0.724
Graft PCl vs. native PCI 1.725 1.049-2.837 0.032
History of Ml 1.444 0.759-2.746 0.263
Previous PCI 1.677 0.966-2.912 0.066
Diabetes 0.972 0.536-1.761 0.925
Hypertension 1.440 0.728-2.847 0.294
Hyperlipidemia 1.240 0.713-2.157 0.446
Chronic kidney disease 1.403 0.741-2.656 0.299
Fluoroscopy time (1 min increase) 0.999 0.983-1.015 0.878
Contrast amount (1 mL increase) 1.001 0.999-1.004 0.254
LVEF (< 40%) 0.839 0.465-1.516 0.562

Cl — confidence interval; Ml — myocardial infarction; LVEF — left ventricular ejection fraction; PCl — percutaneous coronary intervention

Table 5. Multivariate Cox regression with regard to revascularization in matched groups.

Parameter Hazard ratio 95% ClI P

Age [years] 0.964 0.933-0.995 0.025
Type of procedure (urgent vs. elective) 0.684 0.374-1.252 0.218
Graft PCl vs. native PCI 2.218 1.193-4.122 0.012
History of Ml 1.650 0.737-3.691 0.223
Previous PCI 1.824 0.953-3.493 0.070
Diabetes 0.972 0.581-2.487 0.925
Hypertension 1.003 0.453-2.222 0.994
Hyperlipidemia 0.994 0.498-1.983 0.986
Chronic kidney disease 1.257 0.741-2.656 0.582
Fluoroscopy time (1 min increase) 0.998 0.977-1.020 0.867
Contrast amount (1 mL increase) 1.000 0.997-1.004 0.853
LVEF (< 40%) 0.953 0.472-1.923 0.893

Cl — confidence interval; Ml — myocardial infarction; LVEF — left ventricular ejection fraction; PCl — percutaneous coronary intervention

Table 6. Multivariate Cox regression with regard to myocardial infarction in matched groups.

Parameter Hazard ratio 95% CI P

Age [years] 0.996 0.964-1.028 0.791
Type of procedure (urgent vs. elective) 1.349 0.715-2.544 0.355
Graft PCl vs. native PCI 2.248 1.220-4.142 0.009
History of Ml 1.226 0.600-2.506 0.576
Previous PCI 1.425 0.732-2.772 0.297
Diabetes 0.910 0.455-1.821 0.790
Hypertension 2.112 0.913-4.883 0.081
Hyperlipidemia 0.885 0.472-1.656 0.701
Chronic kidney disease 1.667 0.804-3.454 0.169
Fluoroscopy time (1 min increase) 1.001 0.984-1.018 0.924
Contrast amount (1 mL increase) 1.001 0.998-1.004 0.413
LVEF (< 40%) 1.152 0.593-2.238 0.675

Cl — confidence interval; Ml — myocardial infarction; LVEF — left ventricular ejection fraction; PCl — percutaneous coronary intervention
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Table 7. Multivariate Cox regression with regard to mortality in matched groups.

Parameter Hazard ratio 95% CI P

Age [years] 1.047 0.990-1.107 0.107
Type of procedure (urgent vs. elective) 0.684 0.537-5.495 0.361
Graft PCl vs. native PCI 1.118 0.435-2.870 0.817
History of MI 1.327 0.403-4.370 0.642
Previous PCI 0.913 0.282-2.954 0.879
Diabetes 0.900 0.303-2.674 0.850
Hypertension 4.859 0.564-4.829 0.150
Hyperlipidemia 1.942 0.660-5.719 0.228
Chronic kidney disease 2.296. 0.809-6.513 0.118
Fluoroscopy time (1 min increase) 1.005 0.983-1.028 0.642
Contrast amount (1 mL increase) 1.004 1.000-1.008 0.060
LVEF (< 40%) 0.840 0.262-2.694 0.769

Cl — confidence interval; Ml — myocardial infarction; LVEF — left ventricular ejection fraction; PCl — percutaneous coronary intervention

in need of subsequent PCI reported in studies to
date warrants further prospective assessment.
In the current study there was a relatively high
percentage of radial approach (47%) in comparison
to the other reported studies [4]. RADIAL-CABG
Trial [5] was a randomized prospective study
which suggested that diagnostic angiography us-
ing radial access compared with femoral access
was associated with greater contrast use, longer
procedure and fluoroscopy time as well as greater
patient and operator radiation exposure. However,
no significant differences in these parameters
were observed among patients undergoing PCI in
the present study. Other studies suggested that
a radial approach is feasible and is as fast as the
femoral approach [6, 7]. It was noted that venous
grafts were more likely to be the PCI target vessel
with increasing time after CABG, consistent with
the accelerated pace of late saphenous venous
graft failure [8]. Nearly all target bypass grafts
were SVG, a reflection of the excellent outcomes
achieved with use of internal mammary arteries
[9, 10]. Radial-artery grafts have a lower rate of
graft occlusion at 1-year than SVGs [11]. We would
thus advocate a randomized study to compare the
outcomes of conventional CABG versus a hybrid
approach where only arterial grafts would be used,
plus PCI for the other vessels. It was found that
patients who underwent bypass graft rather than
native coronary PCI were more likely to receive
BMS. The benefits of drug eluting stents (DES)
over BMS in venous graft interventions are still
controversial. The DIVA study [12], which is the
most recent randomized trial included 597 patients
undergoing PCI of de-novo SVG lesions. There was

no significant difference in 12-month and long-term
(median 2.7 years) incidence of cardiac death, target
vessel M1 or target vessel revascularization (TVR).
DES implantation was associated with improved
results in ISAR-CABG trial which randomized 610
patients with diseased SVG to DES or BMS and
reported that DES were associated with favorable
hard endpoint outcomes (15.4% vs. 22.1%; p =
= (0.03) [13]. The stenting of saphenous vein grafts
trial (SOS), also demonstrated a significant reduc-
tion in MACE rates with paclitaxel-eluting stents
compared with BMS, which was mainly driven by
lower target lesion revascularization (TLR) rates
[14]. Sirolimus-eluting stents were studied in the
Reduction of Restenosis In Saphenous Vein Grafts
With Cypher Sirolimus-eluting Stent RRISC trial
[15], which demonstrated a reduction in TLR and
TVR, and late stent loss in the DES group com-
pared with the BMS group at 6 months. Conversely,
the DELAYED RRISC study [16] found the TVR
benefit was lost at 3-year follow-up and BMS was
associated with lower long-term mortality. In the
present study, no-reflow was significantly higher
in graft PCI compared to native artery PCI (10%
vs. 0.4%; p < 0.001). Venous graft PCI was an
independent risk factor for the peri-procedural
complications including no-reflow [17], especially
if the presentation was ST-segment elevation MI
[18]. From our real-world data, SVG PCI carried
a higher risk of MACE at 1 year when compared
with native coronary PCI, that was mainly driven
by MI and TVR. All of the efforts need to be taken
into consideration to attempt native coronary
revascularization. Percutaneous revascularization
of CTO continues to gain popularity and accept-
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ance despite its risk and complexity. Techniques
have improved with the increasing availability
of new equipment as previous studies showed
favorably high success rates for CTO PCI even
in previously bypassed patients [19-21]. SVG can
be used to attempt CTO PCI via the retrograde
approach as shown in a previous study [22]. Ana-
tomic complexity in patients with previous CABG
might adversely impact in the outcome of chronic
coronary occlusions PCI [23]. Redo CABG carries
a higher mortality rate compared with first-time
CABG [24, 25]. In post-CABG patients, PCI was
associated with better survival compared to redo
CABG [26]. Another study suggested no difference
in survival between redo CABG and PCI, however,
PCI was associated with a higher revascularization
rate [27]. Overall, redo CABG could be considered
as an option for revascularization especially if the
arterial graft (i.e. left anterior mammary artery;
LIMA) was not used during the first CABG.

Limitations of the study

Firstly, it was a retrospective study and not
a prospective randomized trial and hence was sub-
ject to all the limitations of observational studies.
Secondly, the choice of PCI target was dependent
on the judgement of the operator. Thirdly, some
patient data may have been missed since not all
patients were routinely followed up at 12 months
post-procedure.

Conclusions

The present study findings would currently
support considering PCl in the native vessel rather
than the failing venous graft in patients with previ-
ous CABG. Further work however is needed and,
in this respect, the currently ongoing PROCTOR
study, a multi-center, prospective trial is randomiz-
ing patients to native vessel versus venous graft
PCI [28].
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Abstract

Background: Clinical guidelines recommend using single pill combinations (SPC) when initiating
and intensifying the treatment of arterial hypertension (AH), which is not reflected in the Summaries
of Product Characteristics (SMPC) for individual preparations. The drug reimbursement system in
Poland (with a few exceptions) does not provide for reimbursement outside the indications specified in
the SMPC. Therefore, it excludes the use of SPC under reimbursement. In 2020 the share of SPC in the
treatment of AH amounted to 12.8% of unit volume and was lower than the 80% based on the guidelines
of the Polish Society of Hypertension.

Methods: Using the data from a sample of pharmacies in Poland over the period November—December
2020, the potential was assessed of switching from existing AH therapy with monocomponent drugs
containing selected combinations of active ingredients to the equivalent SPC.

Results: The potential of switching from AH treatment in the analyzed period using monocomponent
drugs with the equivalent SPC amounted to 19% of unit volume (a reduction of 212M units), with the
highest switch potential (43.9%) for drugs containing amlodipine. The public payer’s savings would be
EUR 12.3 million and patient savings would amount to EUR 5.0 million.

Conclusions: Enabling reimbursement of SPC in Poland in line with the clinical guidelines can sig-
nificantly increase the share of SPC in the treatment of AH, which will result in better health outcomes
and a significant reduction in the payer’s drug reimbursement spending and will lower the financial
barrier for patients to access this type of treatment. (Cardiol ] 2022; 29, 3: 405-412)

Key words: hypertension, treatment, single pill combination

Introduction hindering the implementation of the guidelines of

scientific societies. It restricts their introduction

The way single pill combinations (SPC) are into therapy, which according to numerous studies
reimbursed in Poland affects clinical practice in has a negative impact on health outcomes, while
the treatment of arterial hypertension (AH), thus unnecessarily increasing the costs incurred by the
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public payer — the National Health Fund (NFZ) and
patients [1-6]. The purpose of the analysis was to
estimate the size of the hypertension treatment
segment in Poland, which according to the current
guidelines of scientific societies [7-9] may experi-
ence an increase in the share of SPC. A simulation
of switching from the already existing therapy
comprising two or three monocomponent drugs to
SPC was carried out, keeping the equivalence of
the used active ingredients and the doses within
the range of hypotensive preparations available in
the Polish reimbursement system. Additionally,
potential economic benefits for patients and the
NFZ resulting from the switch were also calculated.

Arterial hypertensoin is one of the most preva-
lent risk factors for cardiovascular complications in
the population [10-15]. The epidemiological situa-
tion in the world and in Poland is poor in this regard,
with the situation in Poland having deteriorated
in recent decades [11-20]. The number and the
percentage of AH patients are increasing, while the
percentage of patients with well-controlled blood
pressure is still low [13, 16, 17]. On the other hand,
the appropriate pharmacotherapy reduces the risk
of AH-related complications by up to 40% [21, 22].
In particular, using SPC in line with the guidelines
has been instrumental in achieving better health
outcomes from AH treatment in countries with
comprehensive AH programs (Portugal, Spain)
[1-5, 23-25].

The guidelines of the European Society of
Cardiology/the European Society of Hypertension
(ESC/ESH) published in 2018 [7] have changed the
rules of hypotensive treatment in Europe recom-
mending that the treatment of the majority of AH
patients be initiated with two-component SPC (first
step of treatment) and a switch to three-component
SPC in the second step of treatment. Initiating
treatment with monotherapy has been reserved
for rare, strictly defined situations, therefore it
can be assumed that practically all patients with
AH should be treated with SPC [8].

The basic two-component SPC used to initiate
the treatment of AH patients include:

— angiotensin-converting enzyme (ACE) inhibi-
tors with dihydropyridine calcium antagonist;

— ACE inhibitors with a diuretic (optimally
thiazide-like diuretic);

— sartans with a diuretic;

— sartans with a calcium antagonist.

The basic three-component SPC are:

— ACE inhibitors with a diuretic and a calcium
antagonist;
— sartans with a diuretic and a calcium antagonist.

The value of using SPC at the beginning of
AH therapy particularly strongly implies the need
to increase the availability of SPC preparations for
AH patients in every country and the simplifica-
tion of therapy intensification with a quick shift to
three-component therapy, although Summaries of
Product Characteristics (SMPC) of many SPC lack
indications for their use in line with guidelines. The
guidelines of the Polish Society of Hypertension
(PTNT) published in 2019 [8] have also adopted the
same algorithms, emphasising that in the case of
approximately 60% of AH patients well controlled
pressure is achieved with increasing doses of two
hypotensive drugs and in the case of 20% of AH pa-
tients — with three drugs i.e., a three-component
SPC. This means that at least 80% of AH patients
should be treated with SPC in the given country.
The PTNT guidelines [8] have assumed that almost
all AH patients under 65 years of age should start
treatment with a two-component SPC.

Therapy initiation with a two-component SPC
is also recommended to patients aged 65-80 (stage
2/3 hypertension; some patients with stage 1 hy-
pertension). Its introduction is also recommended
in second step of treatment (other patients with
stage 1 hypertension). PTNT suggests introducing
a two-component SPC at the onset of treatment
(stage 3 hypertension) or as a second step treat-
ment (other patients) even for patients in their
ninth and later decades of life.

The strengths of using SPC include: a lower
number of units taken by the patient, better toler-
ability of treatment, convenience of use, improved
patient compliance, quicker blood pressure control,
demonstrated better arterial pressure control in
the population [1-3, 23-25]. Compared to those
who use the same active ingredients, in the same
doses, but in separate units, patients taking SPC
show: better adherence, a strong trend towards
greater persistence in treatment continuation,
a greater arterial pressure reduction, and greater
pressure normalization [4, 5].

Despite the educational efforts of PTNT, SPC
are still too rarely used in the treatment of AH in
Poland. In 2020 6.1 billion units of drugs used in AH
were sold in retail pharmacies in Poland, including
0.8 billion SPC units (Table 1). The share of SPC
has been steadily increasing — in 2020 it amounted
to 12.8% of the sales volume, in units (Table 2).

Paradoxically, the legal changes introduced
in Poland by the Reimbursement Act in 2011
have restricted the possibility of using SPC in
the treatment of AH. Prior to its entry going into
force, when using a drug included in the list of
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Table 1. Sale of monocomponent drugs and single-pill combination (million units).

2016 2017 2018 2019 2020
Monocomponent drugs 4,952.3 4,925.3 4,987.7 5,278.2 5,301.2
Single-pill combination 580.0 620.4 662.8 733.9 775.8
Total 5,632.2 5,645.7 5,650.5 6,012.1 6,077.0

Table 2. Share of monocomponent drugs and single-pill combination in units.

2016 2017 2018 2019 2020
Monocomponent drugs 89.5% 88.8% 88.3% 87.8% 87.2%
Single-pill combination 10.5% 11.2% 11.7% 12.2% 12.8%

reimbursed drugs a physician could rely on either
the indications specified in SMPC, current medical
knowledge or scientific evidence. After the Re-
imbursement Act entered into force the drugs
can be reimbursed for the full or limited range
of indications registered within the SMPC at the
time of the respective reimbursement decision.
It can also be reimbursed for a specific indication
defined by the clinical condition outside SMPC,
as long as this condition is precisely indicated by
the reimbursement list. Almost 100% of SPC have
substitution indications in their SMPC, which are
not in line with Evidence Based Medicine (EBM)
or guidelines of scientific societies. Hence, the
availability of SPC within the reimbursement sys-
tem in Poland has gone down, because they can
be prescribed with reimbursement in accordance
with their SMPC i.e., in the treatment of AH, only
in a substitution indication. In practice, following
therapy initiation (typically, with one drug), a pa-
tient (in the absence of control) gets two monocom-
ponent drugs, which are subsequently, if necessary,
replaced by a corresponding SPC.

At the same time, in line with the existing
financing rules, the public payer reimburses the
drug at the level of monotherapy — just one, the
most expensive component of the SPC with two or
three active ingredients. Public financing of SPC is
limited to the cost of the monotherapy, on which
the limit is based, by applying the rule of 1+1=1
or 1+1+1=1, which increases the level of patient
co-payment for such drugs, hence reducing their
availability. Hence, it is worth noting that when
applying the substitution principle, the payer of-
ten finances two monocomponent drugs (separate
units) instead of paying for one SPC containing the
same two components in one unit.

Widening the scope of SPC reimbursement
with the indications in line with the current guide-
lines will significantly increase their use, which will
have a positive impact on health outcomes, while
reducing the amounts allocated by the NFZ to the
reimbursement of drugs used in the treatment of
AH and the level of patient co-payments.

Methods

Source of data

The analyses were carried out using data from
the pharmacy panel of PEX PharmaSequence,
which in the period November-December 2020
included 6,100 retail pharmacies and pharmacy
points. The sample is representative for the all-
Poland population of retail pharmacies (13,395
pharmacies and pharmacy points as of December
2020), the 16-county coverage varies from 42%
to 53%. Its sample structure is controlled in
terms of geographical distribution, sales volume,
and pharmacy chain affiliation. The raw data are
projected to the national level and the difference
versus census reimbursement data from NFZ is
measured, indicating insignificant volume deviation
(< 1% to < 5% depending on the individual product
sales volume). Transaction data are automatically
and continuously extracted from IT systems. To
prepare this analysis, data from receipts issued by
pharmacies was used to determine the different
combinations co-occurrence rate of active ingre-
dients and doses at the level of the anonymised
unique patient and doctor ID. The analysis was
based on the data of more than 2 million transac-
tions (single receipts) concluded in the period
November—-December 2020, within which patients
bought at least one hypotensive drug. The transac-
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Table 3. Combinations of two active ingredients in single-pill combination used in hypotensive therapy
— included in the reimbursement lists and covered by the analysis.

Amlodipine Felodipine Indapamide Hydrochlorothiazide

Amiloride (excluded from the analysis)
Indapamide X
Ramipril X X (excluded felodipine 2.5 mg) X
Cilazapril X
Lisinopril X X
Perindopril X X (excluded indapamide

0.625 mg + perindopril

2.5 mg)

Candesartan X X
Losartan X X
Telmisartan X X
Valsartan X X

tion data also provided information on the number
of packs of hypotensive drugs sold split by active
ingredient and dose, as well as on the share of sales
for packs dispensed within the list of free drugs for
persons over 75.

Choice of active ingredients

The analysis was carried out on all SPC in-
cluded in the reimbursement list in November—De-
cember 2020, which contain active ingredients from
the group of basic hypotensive therapies listed in
the guidelines of the PTNT [8] (drugs with a proven
impact on prognosis, recommended in combination
therapy and available in the form of SPC, and used
in monotherapy in specific situations), i.e., thiazide
diuretics, beta-adrenolitics, calcium antagonists,
ACE inhibitors, AT, receptor antagonists (sartans).

On the basis of the 18 reimbursed combina-
tions of active substances including the above-
named drug groups, further analyses were carried
out on products containing 12 active ingredients:
amlodipine, candesartan, cilazapril, felodipine, hy-
drochlorothiazide, indapamide, lisinopril, losartan,
perindopril, ramipril, telmisartan, and valsartan
(Table 3).

Due to the lack of registration for AH mono-
therapy and the actual market unavailability, ami-
loride was excluded from the analyses. A combina-
tion of small dose indapamide and perindopril (i.e.,
0.625 mg and 2.5 mg) was also excluded from the
analyses due to the registration indications ac-
cording to which the combination that can be used
for AH therapy initiation — and is therefore not
affected by the restriction, which is the subject of
this analysis. A combination of felodipine 2.5 mg

with other active ingredients was also excluded due
to the actual market unavailability of drugs with
this dose for use in monotherapy. Moreover, the
analysis included a three-component SPC including
amlodipine, hydrochlorothiazide, and valsartan.

Method description
The analytical work carried out consisted of

the following stages:

1. Determining the rate of using monocompo-
nent drugs, which can be replaced by reim-
bursed SPC on the basis of items appearing on
a single receipt with a single patient code and
prescribed by a single physician;

2. Estimating the maximum potential switch
from concomitantly purchased monocompo-
nent drugs to SPC by applying an iterative
switch algorithm seeking to reflect the SPC
sales structure over the observed period in
order to avoid arbitrariness in the allocation
to a particular SPC. For the purpose of the
analysis, it was assumed that all the therapies,
which are currently carried out using two or
three monocomponent drugs can be switched
over to the SPC equivalent in terms of active
ingredients and doses. The result of the switch
algorithm was the number of units within the
molecule-doses of SPC that can replace the
current monocomponent therapy;

3. Calculating the cost, for the payer and the
patient, of buying monocomponent drugs,
which can be replaced or the potential cost of
purchasing SPC, which can be used instead;

4. Estimating a reduction in the number of units/
/packs purchased following the potential switch.
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Table 4. Potential of switching from monocomponent drugs to single-pill combination (SPC) (per year).

Active ingredient Number of units

Potential of the

Potential of the Potential of the

per year (+000) switch to SPC switch switch to SPC
— units (+000) (%) — packs* (+000)

Amlodipine 381,591.4 167,503.5 43.9% 5,583.5
Candesartan 55,706.0 4,504.3 8.1% 150.1
Cilazapril 5,828.7 43.6 0.7% 1.5
Felodipine 847.7 44.7 5.3% 1.5
Hydrochlorothiazide 22,7421 4,133.6 18.2% 137.8
Indapamide 404,952.9 63,919.3 15.8% 2,130.6
Lisinopril 46,561.5 4,940.5 10.6% 164.7
Losartan 71,635.5 7,236.5 10.1% 241.2
Perindopril 161,070.7 36,339.8 22.6% 1,211.3
Ramipril 600,772.4 66,335.5 11.0% 2,211.2
Telmisartan 207,786.2 18,445.9 8.9% 614.9
Valsartan 123,238.3 12,990.9 10.5% 433.0
Total 2,082,733.4 386,438.1 18.6% 12,881.3

*30-tab pack equivalents estimated on the basis of the number of units

The financial impact of the switch for the public
payer and the patient was determined using retail
prices/co-payment by NFZ and patients per unit,
taking into account the weights resulting from the
volume of individual reimbursed packs in the period
November-December 2020. The reimbursement
list in Poland changes every 2 months in terms of
the composition and the patient co-payment level,
impacting the individual products share within
the reference price groups. Therefore, the period
of 2 months was chosen for the analysis, as the
individual products share stayed stable during this
period. An estimate of the approximate impact of
the switch on a 12-month basis was obtained by
multiplying the data obtained by 6. It was possible
as the bimonthly SPC volume share (within AH
products group) variation to the 2020 average did
not exceed 1.2%.

Results

Potential of the switch

The estimated switch potential for the ana-
lysed active ingredients amounts to 18.6% of
monocomponent units. The highest, in terms of
the share and the number of units, potential switch
exists for amlodipine — 43.9% of the currently
sold units, 167.5 million units, which accounts for
5.6 million 30-unit packs. In terms of the volume
of the potential switch, the next active ingredients
are ramipril, indapamide, and perindopril (Table 4).

Assuming the switch potential is realized,
the unit sales volume for the SPC included in the
analysis would increase by 31.3%. The highest
increase in the number of units sold would be for
amlodipine and ramipril SPC and amlodipine and
indapamide SPC (together 55.8% of the potential
increase in the number of packs sold) (Table 5).

The impact of the switch on patients’ and
the public payer’s spending and the number
of units bought

Replacing the existing politherapies using
monocomponent drugs with equivalent SPC avail-
able within the reimbursement system would re-
duce the total annual cost of hypotensive treatment
in Poland by EUR 12.3 million (PLN 55.3 million)
from the public payer’s perspective and by EUR 5.0
million (PLN 22.6 million) from patients’ perspec-
tive. The NFZ savings would amount to EUR 8.4
million (PLN 37.9 million) and the savings for the
Ministry of Health — EUR 3.9 million (PLN 17.4
million) within the budget dedicated to financing
free drugs for people aged 75+ (Table 6). At the
same time, due to therapy switch to SPC patients
would buy almost 212 million units less per year,
which might have a positive impact on compli-
ance, thus generating improved health outcomes
and reducing the cost concerning the treatment of
AH-related complications. Realising the estimated
scope of the switch would increase the share of
SPC from 12.8% in 2020, to 17%.
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Table 5. Potential change in the level of single-pill combination (SPC) purchases (per year).

Active ingredient Number of units Potential of the Potential of Potential of the
per year (+000) switch to SPC the switch switch to SPC
— units (+000) (%) — packs* (+000)
Amlodipine, candesartan 6,272.2 4,296.5 68.5% 143.2
Amlodipine, hydrochlorothiazide, 3,852.1 6.9 0.2% 0.2
valsartan
Amlodipine, indapamide 21,847.5 42,378.6 194.0% 1,412.6
Amlodipine, lisinopril 15,244.9 4,629.6 30.4% 154.3
Amlodipine, losartan 1,791.4 6,897,3 385.0% 229.9
Amlodipine, perindopril 87,891.7 14,799.1 16.8% 493.3
Amlodipine, ramipril 70,411.3 65,439.6 92.9% 2,181.3
Amlodipine, telmisartan 11,543.8 17,446.9 151.1% 581.6
Amlodipine, valsartan 13,702.8 11,608.9 84.7% 387.0
Candesartan, hydrochlorothiazide 31,5676.9 207.8 0.7% 6.9
Cilazapril, hydrochlorothiazide 170.4 43.6 25.6% 1.5
Felodipine, ramipril 1,378.6 44.7 3.2% 1.5
Hydrochlorothiazide, lisinopril 18,824.7 310.9 1.7% 10.4
Hydrochlorothiazide, losartan 43,835.7 339.1 0.8% 11.3
Hydrochlorothiazide, ramipril 8,919.9 851.1 9.5% 28.4
Hydrochlorothiazide, telmisartan 102,025.2 999.0 1.0% 33.3
Hydrochlorothiazide, valsartan 87,710.7 1,375.1 1.6% 45.8
Indapamide, perindopril 91,056.2. 21,540.7 23.7% 718.0
Total 618,055.9 193,215.6 31.3% 6,440.5

*30-tab pack equivalents estimated on the basis of the number of units

Table 6. Estimated annual savings connected with a polytherapy change in hypotensive treatment.

Change in spending when switching to SPC million Euro (million PLN)

Public payer’s spending, included:
reimbursement
subsidy for people aged 75+
Patients’ spending

-12.3 (-55.3)
-8.4 (-37.9)
-3.9 (-17.4)
5.0 (-22.6)

SPC — single-pill combination

Discussion

The analysis only takes into account the
switches from the existing, currently carried
out, therapies using several (two or three) active
ingredients and does not take into account poten-
tial switches from monocomponent drugs to SPC
containing different active ingredients. Therefore,
the presented analytical approach can be deemed
conservative. It is worth noting that once an incen-
tive for wider use of SPC is offered by broadening
reimbursed indications beyond possible switching
covered by this analysis, additional uses of SPC

will appear, which will result in a further reduc-

tion in the number of units taken by patients and

savings for the payer and patients. In particular,

this concerns:

— use of SPC instead of monotherapy for hypo-
tensive therapy initiation; or

— use of SPC instead of monotherapy for therapy
intensification (increasing a dose or the need
to add another active ingredient).

Either of these situations will generate ad-
ditional financial savings due to the mechanism
where the financing limit is based on one molecule
only.
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The analysis only takes into account the direct
cost of drug purchase. Apart from the immediate fi-
nancial effect presented in this document, broaden-
ing indications for SPC reimbursement should also
be expected to significantly influence the patient’s
compliance and persistence, and consequently to
influence AH monitoring indicators, the incidence
of AH-related complications and pre-mature deaths,
as well as the related costs, including indirect costs.
As shown by the results of the analysis carried out in
2015 concerning the appropriateness, under Polish
conditions, of treating AH patients with an indapa-
mide and amlodipine SPC compared to polytherapy,
SPC therapy means additional 7.6 days of life in full
health and extra 2.9 days of survival [4]. Despite
the relatively low clinical effects per patient, if the
total population of AH patients is considered clinical
benefits can be significant.

Therefore, in Poland AH therapy using SPC
is financed under the drug reimbursement system
contrary to the latest medical knowledge, the
guidelines, against the welfare of the patient (if
there is an indication for polytherapy), and the
financial interests of the payer.

Conclusions

The current SPC reimbursement status causes
a significant dissonance between the recognized
medical knowledge, which is in line with EBM prin-
ciples in the field of hypertension and the resulting
guidelines from national and international medical
societies, and the regulations governing drug reim-
bursement. As a result, the treatment of AH patients
is often inconsistent with the guidelines of scientific
societies, thus compromising the health outcomes
and leading to a sub-optimal allocation of scarce
resources available in the reimbursement budget.
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Predictors of left atrial fibrosis in patients with
atrial fibrillation referred for catheter ablation
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Abstract

Background: Left atrial (LA) fibrosis in patients with atrial fibrillation (AF) is associated with an
increased risk of AF recurrence after catheter ablation. Therefore, we searched for clinical risk factors
that confer an increased risk of LA fibrosis, which can influence the treatment strategy.

Methods: We included 94 patients undergoing 3-dimensional electroanatomical voltage mapping-
-guided catheter ablation of AE. LA low-voltage areas during sinus rhythm as a surrogate parameter
of fibrosis were measured with the CARTO3 mapping system and adjusted for LA volumes obtained
by computed tomography. Blood tests including N-terminal prohormone of B-type natriuretic peptide
(NT-proBNP) and echocardiographic parameters of left ventricular function were also analyzed.
Results: Patients were 62.5 = 11.4 years old, and 29% were female. LA fibrosis was present in 65%,
with 50% having a fibrotic area > 5% (= Utah-Stage 1). Mean left ventricular ejection fraction (LVEF)
was 53.9 + 10.5%. Patients with LA fibrosis had higher NT-proBNP levels (869 *+ 1056 vs. 552 +
+ 859 ng/L, p = 0.001) and larger LA volumes (body surface area-corrected 63.3 = 19.3 vs. 80 +
+ 27.1 mL/m?®, p = 0.003). In univariable analyses, LA fibrosis was significantly associated with fe-
male gender, older age, increased LA volumes, hypertension, statin therapy, higher NT-proBNP values,
and echocardiographic E/e’. In bivariable analyses, higher NT-proBNE echocardiographic parameters
of diastolic dysfunction, female gender, older age, and higher DR-FLASH scores remained as indepen-
dent predictors of LA fibrosis.

Conclusions: In this single-center longitudinal study, surrogate parameters of elevated left-sided car-
diac filling pressures such as higher NT-proBNP levels and higher echocardiographic E/e’ values as well
as female gender independently predicted the prevalence of LA fibrosis in patients referred for catheter
ablation of AE (Cardiol ] 2022; 29, 3: 413-422)

Key words: atrial fibrillation, heart failure with preserved ejection fraction, diastolic
dysfunction, gender medicine, atrial fibrosis

Introduction increased incidence of stroke and AF recurrence

after catheter ablation, it is important to identify

Atrial fibrillation (AF) is a common rhythm potentially modifiable risk factors for LA fibrosis,
disorder affecting about 3% of adults [1]. Because and to identify patients who may benefit less from
left atrial (LA) fibrosis has been associated with an catheter ablation of AF [2]. Recent studies have
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suggested an approximately 2-fold higher amount
of LA fibrosis in women as compared to men, but
it is unclear whether this finding is an independent
gender-dependent effect or linked to other risk
factors. Recently, the APPLE-score, which does
not include female gender, has been suggested
as a potential tool to predict LA fibrosis prior to
catheter ablation of AF [3].

In previous studies, LA fibrosis was mainly
assessed by cardiac magnetic resonance imaging
(CMR) with late gadolinium enhancement. CMR
uses a different non-invasive method to assess LA
fibrosis as compared to invasive 3-dimensional (3D)
electroanatomical voltage mapping (EAM) with
assessment of bipolar low-voltage areas (LVA),
which can be used as a surrogate parameter for
myocardial fibrosis [4-7]. Furthermore, there is
previous evidence of the usefulness of targeting
LVA to successfully treat AF [8]. Therefore, we
sought to identify clinical risk factors of LA fibrosis
by using EAM in a cohort of patients referred for
catheter ablation of AF.

Methods

Study population

In this longitudinal single-center study, out of
a total of 634 patients receiving AF ablation at our
center, 94 patients were included in this analysis.
The remaining patients were excluded for the fol-
lowing reasons: 1) Only LA maps obtained during
sinus rhythm were included; 2) Some AF ablations
were performed using cryoballoon technology;
3) Some LA maps were created using the “point
by point” method with insufficient LA mapping
points; 4) For methodological reasons we included
only patients in whom radiofrequency (RF) ablation
was performed by three operators, because those
three had the same mapping/ablation approach;
5) Patients with incomplete electroanatomical LA
maps were excluded; 6) At the beginning of 2019,
we had a system crash of our EAM Software and
the backup of several months (including maps) was
lost. Therefore, 94 consecutive patients undergo-
ing a catheter ablation procedure for AF during
sinus rhythm (SR) were enrolled between 2016
and 2021. All patients underwent pulmonary vein
(PV) isolation (PVI) using endocardial RF ablation
guided by 3D EAM of the LA. Different types of
AF were defined according to current European
guidelines [1]. The APPLE and DR-FLASH score
were calculated as previously described [7, 9].
The CHA,DS,-VASc score was adjusted for gen-
der (-1 point in females). Subjects with a reduced

left ventricular ejection fraction (LVEF) < 40%
or a known myocardial disease were assumed to
have a diastolic dysfunction at least grade I in the
absence of further documentation according to cur-
rent guidelines [10]. This retrospective study was
approved by the Ethics Committee of the Canton
of Zurich (KEK-ZH-Nr.2016-00116).

Cardiac computed tomography

Cardiac computed tomography (cCT) was
performed within < 48 h prior to the procedure to
exclude LA thrombi and measure the LA volume.
PV, left atrial appendage (LAA), and mitral valve
were excluded from the volume analysis. Aortic
dimensions (sinus portion and diameter of the
ascending aorta) were assessed. Measurements
were performed using Advanced Workstation GE
software (v11.3, GE Healthcare, USA).

Catheter ablation

All ablation procedures were conducted under
general anesthesia. Diagnostic multipolar catheters
were positioned in the coronary sinus and at the
His-bundle. Access to the LA was performed by
single or double trans-septal puncture [11]. 3D-LA
anatomy was reconstructed during SR (Fig. 1)
in the 3D-EAM CARTO3 system (Biosense Web-
ster, Diamond Bar, California, USA). Only patients
in whom conversion to SR was possible and in
whom voltage maps were created during SR were
included. After 3D reconstruction of the LA with
the 20-polar Lasso Nav catheter or multipolar
PentaRay catheter (Biosense Webster), the ostium
of each PV was tagged to guide wide-area circum-
ferential ablation. The goal was to achieve electrical
isolation of the PV (entrance block) after a waiting
period of 20 minutes, as previously described [12].

Measurement of left atrial fibrosis

Prior to catheter ablation, an invasive endo-
cardial 3D-EAM of the LA including the PV, mitral
anulus (delineated with the ablation catheter by
visualizing a large ventricular and much smaller
atrial signal, and after matching with the 3D-CT-
-derived LA map), and LAA (separate map) was
created during SR after gating for respiration. Bi-
polar low-voltage areas (< 0.5 mV) as a surrogate
parameter of LA fibrosis were determined by using
the area measurement tool (in cm?), and fibrosis
was suspected if at least three adjacent points in an
area covering 1 cm” had a bipolar voltage < 0.5 mV,
as previously described [13]. The interpolation
and color threshold of the voltage maps was set
to 15 mm [2]. At least 100 points were acquired in
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Figure 1. Left atrium divided into four segments in the CARTO3 software. Left upper (anterior-posterior view): anterior
segment; right upper (posterior-anterior view): posterior segment; left bottom (right anterior oblique view): septal
segment; right bottom (left anterior oblique): lateral segment. The pulmonary veins are not shown in this illustration

the LA. To assess the localization of LVA, the LA
was subdivided into four areas (anterior, posterior,
lateral, and septal; Fig. 1). The LAA was excluded
because it almost never shows LVA and is often
avery small structure. The ratio between LVA and
total LA surface area (in %) and LVA to LA volume
ratio assessed by cCT were calculated [4].

Blood samples

Venous blood samples were collected prior to
ablation (Vacutainer TM, USA) and were immedi-
ately processed. The electro-chemiluminescence
immunoassays and the Cobas 8000 (Roche Diag-
nostics, Switzerland) were used for detection of
the N-terminal prohormone of B-type natriuretic
peptide (NT-proBNP) [14].

Statistical analysis

Continuous variables are presented as mean
(+ standard deviation) for normal distribution
and median (interquartile range) for skewed dis-
tribution. Categorical variables are expressed as
percentages, unless otherwise stated. Differences
in baseline characteristics between the groups
were assessed by independent Student’s t-test or
ANOVA for parameters with parametric distribu-
tion, while the Mann-Whitney U-test or Kruskal-
Wallis test were used for parameters with a non-
normal distribution. The y* test was calculated
for dichotomic variables. Univariable analysis for
relevant clinical covariates was performed by Pear-
son or Spearman’s test, as appropriate. To adjust for
confounders, bivariable regression was performed
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with a stepwise approach, and the strength of
relationships was tested with F-test ANOVA. To
avoid overfitting, multiple models restricted to
a maximum of two clinical variables each were
run. A two-sided p-value of < 0.05 was considered
statistically significant. Receiver operating charac-
teristic (ROC) curves were calculated to assess the
area under the curve (AUC), and sensitivity and
specificity of different NT-proBNP serum levels.
According to the Utah stages, a cut-off of 5% for
LA fibrosis and a cut-off of 20% for relevant LA
fibrosis burden were considered for calculation of
ROC curves [6, 15]. All statistical analyses were per-
formed with SPSS software (v25, SPSS Inc., USA).

Results

Baseline characteristics and
3D electroanatomical mapping

Baseline characteristics of the study popula-
tion are shown in Table 1. The mean patient age
was 62.5 + 11.4 years. Twenty-nine percent of
patients were female, and 33% had persistent AF.
The average number of points collected during the
ablation procedure was 1362 = 1067. Endocardial
bipolar LVA as a surrogate parameter of LA fibrosis
was present in 65% of patients, with 50% having
a fibrotic area > 5% (at least Utah Stage 1) [15].
Fibrosis was most prevalent in the anterior (91.5%
of patients with > 5% fibrosis) and posterior area
(83% of patients with > 5% fibrosis). Fibrosis
was less commonly observed in the septal and
lateral LA area (63.3% and 48.9%, respectively).
AF patients with any amount of LA fibrosis had
higher NT-proBNP values (869 + 1056 vs. 552 +
+ 859 ng/L, p = 0.001) and larger LA volumes after
correction for body surface area (BSA; 63.3 = 19.3
vs. 80 = 27.1 mL/m? p = 0.003) as compared to
those without. A positive correlation between the
ascending aorta diameters (corrected for BSA) and
the amount of fibrosis in the anterior LA was found
(Pearson correlation 0.301, p = 0.005).

Atrial fibrillation patients with a higher burden
of LA fibrosis presented with higher APPLE scores
(2.2 £ 1.3vs.1.5 = 1, p = 0.007) and higher DR-
-FLASH scores (3.6 = 1.4vs. 2.4 + 1.5,p < 0.001).

Gender differences

Most of the study population was male (71%
vs. 29%). Although females did not present with
significantly higher NT-proBNP values as com-
pared to males (960 + 1327 vs. 622 = 786 ng/L,
p = 0.195), and they were more likely to have fi-
brosis in the anterior, septal, and lateral LA (Fig. 2).

Table 1. Baseline clinical characteristics.

Patient characteristic All patients
(n = 94)
Age 62.5 (11.4)
Female 28.7%
BMI [kg/m?] 26.9 (4.6)
Adjusted (for gender) 1.5 (1-3)
CHA,DS,-VASc score
APPLE score 1.8 (1.2)
DR-FLASH score 3(1.6)
EHRA score (n = 73) 2.2 (0.73)
Days since AF diagnosis 1044 (224-2116)
Total LA fibrosis [cm?] 5.2 (0-26.6)
LVA in % based on 3D mapping 3.7 (0-17.1)
LA fibrosis corrected for LA 4.8 (0-18.3)
volume from CT scan [%]
Smoking 20.2
Hypertension 54.3
Diabetes 10.6
Stroke 7.4
Vascular disease 4.3
Sleep apnea 10.6
NOACs 86.2
Beta-blockers 67
Amiodarone 19.1
Diuretics 28.7
Aldosterone-antagonists 8.5
ACE-I/ATll-ag 48.9
Statins 34
Leucocytes [G/L] 6.8 (2)
NT-proBNP [ng/L] 280 (151-927)
CRP [mg/L] 3.8 (8.9)
eGFR [mL/min/m?| 73 (18.4)
TSH [mU/L] 1.9 (1.1)
Aorta sinus portion/BSA [mm] 17.1 (2.2)
Ascending aorta/BSA [mm] 17.1 (2.7)
LA volume/BSA 69.2 (52.7-84)
LVEF [%] 56 (51-61)
E/e’ 9 (7-13.3)

Values are means (standard deviation), median (interquartile range)
or numbers (percentages). BMI — body mass index; AF — atrial
fibrillation; LA — left atrial; LVA — low voltage area; 3D — three
dimensional; CT — computed tomography; NOACs — non-vitamin K
oral anticoagulants; ACE-I/ATIl — angiotensin-converting enzyme
inhibitor/angiotensin-receptor blockers; NT-proBNP — N-terminal
pro B-type natriuretic peptide; CRP — C-reactive protein; eGFR —
estimated glomerular filtration rate according to CKD-EPI; TSH —
thyroid stimulating hormone; BSA — body surface area; LVEF —
left ventricular ejection fraction

Compared to males, females had larger diameters
of the ascending aorta (corrected for BSA) (18.6 +
+ 3.1vs.16.5 + 2.3 mm/m’ p = 0.001) and higher
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Figure 2. A. Mean distribution of left atrial fibrosis in subjects with > 5% fibrosis divided for male (blue) and female
(red). B. Three-dimensional reconstruction of the left atrium and aortic position by voltage mapping and correspond-

ing computed tomography-scan.

E/e’ values (13.5 = 6.7 vs. 9.4 = 4.2, p = 0.002)
as a measure of diastolic dysfunction.

Predictors of fibrosis

In univariable analysis, LA fibrosis was associ-
ated with female gender, older age, increased LA
volumes (corrected for BSA), hypertension, higher
NT-proBNP values, higher E/e’ values, higher
APPLE, DR-FLASH, and adjusted CHA,DS,-VASc
scores. In bivariable analyses, incorporating rel-
evant clinical variables from univariable analysis,
the APPLE score did not independently predict
LA fibrosis, while female gender independently
predicted LA fibrosis. Furthermore, in other bivari-
able models, higher NT-proBNP levels, higher E/e’
values, older age, and higher DR-FLASH scores
also independently predicted LA fibrosis (Table 2).

The optimal NT-proBNP value for predict-
ing LA fibrosis was found for a NT-proBNP of
> 190 ng/L (for LA fibrosis > 5%: sensitivity 82%
and specificity of 55%, Youden-index 0.37; for LA
fibrosis > 20%: sensitivity 95% and specificity of
47%, Youden-index 0.42). To reduce the number
of false positives, we individuated a NT-proBNP
cut-off of > 400 ng/L, which yielded a sensitivity
of 55% and specificity of 73% for predicting a LA
fibrosis burden of > 5%, and a sensitivity of 59%

with a specificity of 65% for predicting a LA fibrosis
burden of > 20% (Fig. 3; Suppl. Fig. 1).

Ablation procedure

Acute procedural success was obtained in all
patients. The mean procedural duration was 82.4 +
+ 72.5 min, and mean fluoroscopy times and
area dose products were 7 = 7 min and 813 *
+ 977 uGym®, respectively. There were no gen-
der-related differences with regard to proce-
dural duration (84.3 = 76 vs. 77.9 * 64.3 min,
p = 0.708), fluoroscopy times (7 = 7.3 vs. 6.8 *
+ 6 min, p = 0.902), and dose area products
(919 = 1110 vs. 552 + 437 uGym?, p = 0.107).
No periprocedural complications occurred.

Discussion

In this single-center longitudinal study, higher
NT-proBNP and higher E/e’ — both markers of
increased left-sided cardiac filling pressures — as
well as older age, higher DR-FLASH scores, and
female gender were independently associated
with LA fibrosis in patients referred for catheter
ablation of AF. LA fibrosis was most prevalent in
the anterior followed by the posterior LA wall.
A positive correlation between the ascending aorta
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Table 2. Variables associated with bipolar endocardial low-voltage areas as a surrogate parameter of

left atrial fibrosis.

Variable Univariable analysis Bivariable analysis
Pearson correlation P Standardized B B (95% CI) P
Gender 0.285 0.005 0.234 to 0.397 9.7 (2-17.4) to 0.001
14.9 (6.6-23.1)
Age 0.245 0.018 0.252 0.421 (0.08-0.76) 0.016
BMI [kg/m?] -0.087 0.404
LA volume/BSA [mL/m?] 0.204 0.048 0.086 0.065 (-0.105-0.236) 0.449
Hypertension 0.232 0.025
Statin use 0.258 0.012 0.164 6.7 (-1.9-15.3) 0.126
eGFR [mL/min/m?] -0.095 0.364
Serum NT-proBNP 0.299 0.006 0.232 to 0.298 0.005 (0.0-0.009) 0.005 to
[ng/L] to 0.006 (0.002-0.01) 0.049
E/e’ 0.482 < 0.001 0.339 to 0.394 1.1 (0.39-1.8) 0.002
to 1.3 (0.5-2)
Adjusted CHA,DS,-VASc 0.379 < 0.001
score
APPLE score 0.282 0.006 0.155 2.57 (-1.28-6.42) 0.188
DR-FLASH score 0.401 < 0.001 0.316 to 0.286 3.92 (1.27-6.57) < 0.001
to 4.42 (2.2-6.6)
LVEF -0.169 0.104 -0.018 —-0.033 (-0.45/-0.39) 0.877

Left atrial fibrosis was calculated as a continuous variable as a ratio between low-voltage area and total LA surface area (in %). BMI — body
mass index; LA — left atrial; BSA — body surface area; GFR — glomerular fraction rate according to CKD-EPI; NT-proBNP — N-terminal pro
B-type natriuretic peptide. P-values were calculated by Pearson correlation (univariable analyses) and regression analyses (bivariable analyses).
Following models were calculated (*p < 0.05): 1) NT-proBNP*, gender*; 2) NT-proBNP*, age*; 3) NT-proBNP*, LA volume/BSA, mL/m?

(p = 0.449); 4) NT-proBNP*, APPLE score (p = 0.188); 5) DR-FLASH*, gender*; 6) NT-proBNP*, LVEF (p = 0.877); 7) NT-proBNP*, E/e’*;

8) E/e’*, gender*; 9) E/e’**, age*; 10) NT-proBNP*, statins, age

diameters and the amount of fibrosis in the anterior
LA was found. Females were more likely to have
fibrosis in the anterior, septal, and lateral LA as
compared to males.

Predictors of left atrial fibrosis

Left atrial fibrosis may represent the anatomi-
cal substrate altering electromechanical cellular
coupling, favoring reentry, and thus predisposing
to the onset and maintenance of AF. As such,
myocardial fibrosis has been widely reported in AF
patients both in histological and in autoptic studies
[16, 17]. Based upon previous studies and clinical
experience that fibrotic tissue yields a low voltage
signal, besides histological studies, invasive 3D-
-EAM voltage mapping is a standard method to as-
sess and stage the extent of atrial fibrosis [18, 19].

In bivariable analyses, we found that elevated
NT-proBNP, higher E/e’ values — both surrogate
parameters of increased left-sided cardiac filling
pressures — independently predicted LA fibrosis
after correction for confounding factors. More-
over, a NT-proBNP cut-off of > 400 ng/L showed

a good specificity to predict significant LA fibrosis
in our population. Both NT-proBNP levels and LA
volumes are frequently elevated in the setting of
heart failure with reduced, but also preserved,
ejection fraction (HFpEF), which is related to
high LA filling pressures [20]. In AF patients, an
expanded myocardial extracellular volume has been
associated with adverse LA remodeling, and LA
enlargement is a typical finding in diastolic dysfunc-
tion and in patients with increased left-sided filling
pressures [20, 21]. An independent association
between LVA, higher LA volumes, and persistent
AF has previously been described [5, 6]. Our find-
ings are in line with previous studies and extend
previous knowledge revealing that parameters
of diastolic dysfunction and higher cardiac filling
pressures (NT-proBNP and echocardiographic
E/e’) constitute important predictors of LA fibrosis.
LA fibrosis itself may promote AF and synergisti-
cally increase left-sided filling pressures leading to
a vicious cycle.

NT-proBNP levels reflect not only an increased
myocardial wall stress, but it may also be related to
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Figure 3. A. Receiver operating charasteristic curves for serum N-terminal prohormone of B-type natriuretic peptide
(NT-proBNP) levels as a predictor of left atrial (LA) fibrosis (cut-off: > 5%); area under the curve (AUC) 70%, p = 0.001,
NT-proBNP cut-off 400 ng/L: sensitivity 55%, specificity 73%; B. Receiver operating characteristic curves for serum
NT-proBNP levels as a predictor of relevant LA fibrosis (cut-off: > 20%); AUC 70%, p = 0.005, NT-proBNP cut-off

400 ng/L: sensitivity 59%, specificity 65%.

intrinsic myocardial disease [22]. Similarly to our
study, the SwedeHF register found an association
between NT-proBNP and AF in HFpEF patients,
suggesting a direct pathological linkage between
higher filling pressures and development of AF.
In this study, patients with AF and HFpEF were
older, more likely to be male, and associated with
a worse l-year survival, even when compared to
patients with a reduced ejection fraction [23]. The
association between increased NT-proBNP values
and LA fibrosis has been described by Kornej et
al. [24], although this parameter did not indepen-
dently predict LA fibrosis in their study.

Other biomarkers such as galectin-3, pro-
-collagen type III N-terminal pro-peptide (PIIINP),
type I collagen C-telopeptide (ICTP), and fibro-
blast growth-factor 23 (FGF-23) have recently
been suggested as biomarkers of fibrosis and
might be helpful in identifying patients who are
more likely to benefit from AF catheter ablation
[25-28]. Although promising, these biomarkers
are not yet clinically available, and NT-proBNP
remains the most established and clinically avail-
able parameter.

Hypertension is an established risk factor
for AF development and its perpetuation [1].

www . cardiologyjournal.org

Interestingly, we found that approximately half of
our population were hypertensive. This is possibly
due to the fact that our patients were relatively
young and the majority of them were referred for
AF ablation of paroxysmal AF.

The APPLE score has recently been suggested
as a powerful predictor of both LA fibrosis and
AF recurrence after catheter ablation, and it has
been externally validated [7, 24, 29]. Similarly, the
DR-FLASH score proved to be effective in predicting
the presence of LVA in more than 900 patients with
AF [9]. Our study confirms these findings, as we
found higher scores in subjects with a higher bur-
den of LA fibrosis as well as a positive correlation
between the two variables. The DR-FLASH score
independently predicted LVA after adjustment for
gender, while the APPLE score was not an inde-
pendent predictor for LVA in bivariable analyses.
Interestingly, persistent AF was not predictive of
relevant fibrosis. Thus, AF duration may not rep-
resent per se a criterion to more intense ablation
approaches.

These findings are clinically relevant when
choosing the appropriate treatment strategy in
these patients (e.g., more aggressive risk factor
management) because increased LA fibrosis is as-
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sociated with lower AF-free survival after catheter
ablation and adverse events [30].

Gender differences

In line with previous studies, female gender
was an independent predictor of LA fibrosis [5, 6].
This finding seems to be related to a direct gender-
dependent effect based on differences in the effect
of sex hormones on adverse LA remodeling and
fibrosis [14]. Although the presence of higher
left-sided filling pressures likely plays a crucial
role as a predictor of LA fibrosis, in our cohort
diuretic treatment was not significantly more fre-
quent in females and NT-proBNP values were not
significantly different between males and females.
On the other hand, both E/e’ as an indicator of
diastolic dysfunction and higher left-sided filling
pressures were higher in females as compared
to males, indicating that females with AF tend to
present with higher left-sided filling pressures,
thereby promoting LA fibrosis. However, in bivari-
able analyses, female gender per se remained an
independent predictor of LA fibrosis, indicating
that female gender is associated with LA fibrosis
independently of higher left-sided filling pres-
sures. We were able to confirm previous findings
by invasively assessing LA fibrosis via EAM, which
is considered to be an alternative method for de-
tection of fibrosis as compared to late-gadolinium
enhancement CMR [31]. CMR-based assessment
of LA fibrosis is a well-established method in some
experienced centers, but it requires great expertise
in interpretation, and for some centers assessment
of LA fibrosis during AF ablation by 3D-EAM may
be more feasible. Most previous studies showing
an association between female gender and LA
fibrosis have performed their analyses based on
absolute values without indexing LA volumes
for BSA. We confirmed these findings in patients
with paroxysmal and persistent AF and, in line
with another study, after correcting LA volumes
for BSA [32]. Regarding this, females had bigger
LA volumes indexed for BSA compared to males.
Furthermore, no differences in age were found
between females and males, although females had
lower body mass index.

Epidemiologically, the incidence and preva-
lence of AF is age-related [20]. However, it is still
debated whether age is a risk factor per se or if it is
mainly related to other co-morbidities [16]. In our
study, we found older age to be related to higher
amounts of LA fibrosis and to be an independent
predictor of LA fibrosis [6, 33]. Similarly to previ-
ous studies, women receiving catheter ablation

for AF were older than the men in our study, sug-
gesting that women develop AF at an older age as
compared to men [6, 33]. However, as shown in the
recent EAM study from Ammar-Busch et al. [31],
fibrosis may be rather related to increased filling
pressures than older age per se.

Compared to most previous studies, we
found a relatively high incidence of LA fibrosis in
a predominantly male population with paroxysmal
AF. This is possibly due to the different method
of detecting fibrosis by invasive EAM mapping as
compared to MRI-LGE [5].

Localization of left atrial fibrosis

Left atrial fibrosis was most prevalent in the
anterior followed by the posterior LA wall. The
septal and lateral LA wall showed less fibrosis,
which may be related to the thickness of atrial
tissue. With regard to this, a positive correlation
between the ascending aorta diameters and the
amount of fibrosis in the anterior LA was found. It
has been previously reported that dilatation of the
ascending aorta, e.g., by hypertension, can lead to
chronic pressure on the anterior LA wall due to
its anatomic proximity, thereby promoting fibrotic
remodeling of this area [34, 35]. Females were
more likely to have fibrosis in the anterior, septal,
and lateral LA, which is in line with the observation
that they presented with higher ascending aorta
dimensions when adjusted for BSA. Moreover, an
independent gender-specific effect may also play
a role for LA fibrotic remodeling, which certainly
needs further investigation.

Limitations of the study

This was a small single-center study per-
formed in patients with AF referred for catheter ab-
lation, and only 29% of the population were female.
Moreover, assessment of LA fibrosis by CMR is
currently not performed in our center. The 20-polar
Pentaray mapping catheter creating high-density
maps with > 1000 of points has a much higher
resolution to detect LVA, but is not routinely used
for PVIin our center. Antiarrhythmic drugs and/or
beta-blockers were recommended to be discontin-
ued 3-5 half-lives prior to the ablation procedure
(2 weeks for amiodarone), but due to symptoms this
was not possible in all patients. These limitations
may have influenced the data accuracy for EAM.
Therefore, our data may not be generalizable to
the overall AF population, and larger prospective
studies including more women and MR data should
be carried out in the future. Moreover, we cannot
rule out that the accuracy of EAM might have
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been influenced by functional voltage reduction
related to electrical stunning rather than fibrosis
in patients with longer episodes of persistent AF
and electrical cardioversion.

Conclusions

In this single-center longitudinal study, sur-
rogate parameters of elevated left-sided cardiac
filling pressures such as higher serum NT-proBNP
levels and higher echocardiographic E/e’ values as
well as female gender independently predicted the
prevalence of LA fibrosis in patients referred for
catheter ablation of AF.
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Abstract

Background: Decreases in circulating CD34-positive cells are associated with increases in cardio-
vascular events. We investigated the association between the number of CD34-positive cells and the
progression of coronary artery calcification (CAC), a marker of atherosclerosis, in patients with hyper-
cholesteremia under statin therapy in a sub-analysis of a multicenter study.

Methods: In the principal study, patients with CAC scores of 1-999 were treated with pitavastatin.
Measurement of CAC by non-enhanced computed tomography and a blood test were performed at base-
line and at 1-year follow-up. Patients were divided into two groups: CAC progression (change in CAC
score > 0) and non-progression. The number of circulating CD34-positive cells was counted using flow
cytometry.

Results: A total of 156 patients (mean age 67 years, 55% men) were included in this sub-analysis.
CD34 positive cell numbers at baseline as a continuous variable was inversely correlated with annual
change 1n the log-transformed CAC score (r = —0.19, p = 0.02). When patients were divided into high
and low CD34 groups based on the median value of 0.8 cells/uL, the adjusted change in CAC score in
the low-CD34 group was significantly greater than that in the high-CD34 group (54.2% vs. 20.8%, re-
spectively, p = 0.04). In multiple logistic analysis, a low CD34-positive cell number was an independent
predictor of CAC progression, with an odds ratio of 2.88 (95% confidence interval 1.28-6.49, p = 0.01).
Conclusions: Low numbers of CD34-positive cells are associated with CAC progression in patients
with hypercholesterolemia under statin therapy. The number of CD34-positive cells may help to identify
patients at increased cardiovascular visk. (Cardiol ] 2022; 29, 3: 423-431)
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Introduction

Endothelial progenitor cells are mononuclear
cells largely derived from bone marrow. They
can be quantified in peripheral blood using flow
cytometry. CD34-positive mononuclear cells have
the potential to differentiate into several lineages
and contribute to vascular repair and regeneration
[1, 2]. Low counts of CD34-positive cells indicate
reduced endothelial repair activity, with previous
studies demonstrating a direct correlation between
endothelial progenitor cell numbers and endothe-
lial dysfunction [2]. Moreover, a previous report
has demonstrated that a decrease in circulating
progenitor cells is a predictor of cardiovascular
events [3]. However, the mechanism underlying
the association between CD34-positive cells and
cardiovascular events has not been fully elucidated.

The coronary artery calcification (CAC) score
determined by non-enhanced computed tomo-
graphy (CT) reflects the presence and extent of
coronary atherosclerosis and predicts future car-
diovascular events in multiple populations [4, 5].
A previous study has shown the association be-
tween CAC progression and adverse cardiovascular
outcomes [6]. We have previously reported the
results of a prospective multicenter study that
examined the effects of intensive and standard
pitavastatin treatment with or without eicosapen-
taenoic acid on the progression of CAC [7]. The
study found that the progression of CAC in each
patient group was not affected by any of the treat-
ments. Therefore, it is of interest to find other
factors involved in CAC progression.

In this study, we investigated the association
between baseline circulating CD34-positive cell
number and CAC progression in patients with
hypercholesterolemia undergoing statin therapy.

Methods

Study design

This study was designed as a sub-analysis of
a prospective, multicenter, randomized trial [7].
The main trial was conducted at 27 centers from
May 2010 to August 2011. The design and results
of the main study have already been published [7].
Briefly, the trial investigated the effects of intensive
and standard statin therapy with or without eicosa-
pentaenoic acid on the progression of CAC score
over 1 year. After taking 2 mg/day pitavastatin for
2 months to check for tolerance, all participants
were randomly allocated to the 2 mg/day pitavasta-
tin (PIT2), 4 mg/day pitavastatin (PIT4), or 2 mg/day

pitavastatin + 1800 mg/day eicosapentaenoic acid
(PIT2 + EPA) groups. Baseline blood test data and
non-enhanced cardiac CT images were obtained
immediately before starting the allocated treat-
ment and repeated at 1-year follow-up. The data
presented in this manuscript are a sub-analysis
of the collected data. This study was conducted
according to the principles of the Declaration of
Helsinki and approved by the ethics committees of
Okayama University Graduate School of Medicine,
Dentistry, and Pharmaceutical Sciences and other
hospitals. The main study is registered at UMIN
Clinical Trial Registry (UMIN000003171). All study
participants gave written informed consent.

Study population

Eligible participants were patients > 20 years
old, with an Agatston score of 1-999, hypercho-
lesterolemia, and no history of cardiovascular
disease. We excluded patients with a history of
coronary revascularization (including percutaneous
coronary intervention and coronary artery bypass
surgery), Agatston score 0 or > 1000, familial hy-
percholesterolemia, use of cyclosporine, and use
of lipid-lowering agents excluding statins. A flow
diagram of the study is shown in Figure 1. Among
the 157 patients analyzed in the principal study,
1 patient was excluded because there were no data
for CD34-positive cell number. Thus, 156 patients
were included in this sub-analysis.

CAC analysis and definition
of CAC progression

Non-enhanced CT imaging was performed at
baseline and 1-year follow-up in a standardized
fashion as previously described [7]. CT images
were documented in a Digital Imaging and Commu-
nications in Medicine format, which was sent to the
core laboratory at L&L Company (Osaka, Japan) for
blinded analysis. CAC score was calculated using
the Agatston method [8]. To minimize the effect
of interscan variability [9], two definitions of CAC
progression were used; the percentage changes in
CAC score > 0% and > 20% were applied in the
analyses. The percentage change in CAC score was
calculated as (CAC [follow up] — CAC [baseline]) /
/ CAC [baseline]) x 100.

Measurement of circulating
CD34-positive cells

Peripheral blood was collected and incubated
with fluorochrome-labeled monoclonal anti-human
mouse antibodies to identify surface markers
expressed on mononuclear cells. The number of
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217 patients provided consent and
were randomly allocated to a group
72 PIT2
12 PIT4
73 PIT2 + EPA

19 excluded following statin tolerance

check for 2 months
6 consent withdrawn
7 Agatston score = 0 and 3 Agatston
score > 1000 by evaluation at core laboratory
3 statin intolerance

64 PIT2 Included in safety

64 PIT4 Included in safety 68 PIT2 + EPA Included in safety

analysis (principle study)

analysis (principle study)

analysis (principle study)

—

9 excluded
No or poor MDCT
image at follow-up

—>

20 excluded
No or poor MDCT
image at follow-up

e

12 excluded
No or poor MDCT
image at follow-up

55 included in efficacy

analysis (principle study)

46 included in efficacy
analysis (principle study)

56 included in efficacy
analysis (principle study)

1 excluded

No data of CD34 positive cell number

55 included in
sub-analysis

45 included in
sub-analysis

[
56 included in \
sub-analysis

156 included in this sub-analysis

J

Figure 1. Flowchart showing enrollment of patients in the study. PIT2 — 2 mg/day pitavastatin; PIT4 — 4 mg/day
pitavastatin; EPA — 1800 mg/day eicosapentaenoic acid; MDCT — multidetector row computed tomography.

circulating CD34-positive cells was counted by flow
cytometry at an independent central study labora-
tory (SRL, Tokyo, Japan). The membrane expres-
sion of CD34 was studied in the lymphomonocyte
gate. Results are expressed as the number of
CD34-positive cells per uL blood, taking into ac-
count the number of leukocytes of each subject.

Statistical analysis

Continuous variables are presented as mean *+
standard deviation or median (interquartile range),
as appropriate. Patients were classified into two
groups based on median values of circulating CD34-
-positive cells, with a cut-off value of 0.8 cells/uL.
Differences in continuous variables between the
two groups were analyzed by Student’s t-test or
Mann-Whitney U-test, as appropriate. Categorical
variables are presented as frequency and propor-
tion (%), and were compared by x* analysis. In
subsequent analysis, triglyceride, high-sensitivity
C-reactive protein (hsCRP), and CAC score were
log transformed because they did not exhibit
anormal distribution. Associations of variables were
assessed by Pearson’s correlation analysis. The

annual change in log-transformed CAC score was
calculated as follows: log transformed (CAC score
at follow-up) — log transformed (CAC score at
baseline). The mean change in CAC score and 95%
confidence intervals (CI) adjusted for age, gender,
and smoking status were estimated using multivar-
iate linear models. Univariate logistic regression
analysis was performed to identify potential pre-
dictive factors for CAC progression. Multivariate
logistic regression analysis was performed using
the variables with p-value < 0.05 in the univari-
ate analysis. All statistical tests were two-sided,
and p-value < 0.05 was considered significant. All
statistical analyses were performed using SPSS
27.0 for Windows (IBM, Armonk, NY, USA).

Results

In total, 156 patients were enrolled in this
study sub-analysis. The baseline patient charac-
teristics are shown in Table 1. The mean age was
67 years, and 55% of patients were men. 82% of
patients had hypertension and 27% had diabetes
mellitus. The median (interquartile rage) CAC
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Table 1. Baseline patient characteristics.

Variables N = 156
Age [years] 67 =9
Male gender 85 (55)
Body mass index [kg/m?] 25.1 £ 4.0
Hypertension 127 (81)
Diabetes mellitus 42 (27)
Current smoker 26 (17)
Warfarin use 7 (4)
Creatinine [mg/dL] 0.87 = 1.01
AST [IU/L] 27 + 13
ALT [IU/L] 28 + 22
Total cholesterol [mg/dL] 175 = 31
LDL-C [mg/dL] 93+ 24
HDL-C [mg/dL] 55 + 14
Triglyceride [mg/dL] 115 (89-163)
HbA1c [%] 5.7 £ 0.7
hsCRP [mg/L] 537 (327-1058)
CAC score 97 (26-237)
PIT2/PIT4/PIT2 + EPA 55 (35)/45 (29)/56 (36)
CD34-positive cell number [/uL] 1.0 £ 0.7

Data are presented as mean =+ standard deviation, number (%),

or median (interquartile range). AST — aspartate aminotransferase;
ALT — alanine aminotransferase; LDL-C — low-density lipoprotein
cholesterol; HDL-C — high-density lipoprotein cholesterol; HbA1c
— glycated hemoglobin Alc; hsCRP — high-sensitivity C-reactive
protein; CAC score — coronary artery calcium score; PIT2 — 2 mg/
/day pitavastatin; PIT4 — 4 mg/day pitavastatin; EPA — 1800 mg/
/day eicosapentaenoic acid

score was 97 (26-237) and the mean (standard
deviation) serum CD34-positive cell number was
1.0 (0.7) cells/uL.

Simple correlation coefficients for the asso-
ciation between CD34-positive cell number and
other variables are shown in Table 2. The baseline
number of CD34-positive cells was significantly
positively associated with male gender (r = 0.38,
p < 0.01) and smoking status (r = 0.30, p < 0.01),
and was significantly inversely associated with
age (r = -0.26, p < 0.01). Meanwhile, there were
no significant correlations between the baseline
number of CD34-positive cells and CAC score.

Next, we evaluated the association between the
baseline number of CD34-positive cells and the annual
change in CAC score. At 1-year follow-up, 117 (75%)
patients had an increase in CAC score compared with
baseline. The percentage change in CAC score in all
patients was 36.6%. There was no significant differ-
ence in percentage change in CAC score between the
PIT2, PIT4, and PIT1 + EPA groups (31.1%, 38.9%,
and 40.2%, respectively, p = 0.86). Table 3 presents
the results of the simple correlation analysis showing

Table 2. Correlations between number of CD34-
-positive cells and other variables.

Variables r o)
Age -0.26 < 0.01
Male gender 0.38 < 0.01
Hypertension -0.02 0.81
Diabetes mellitus 0.12 0.14
Smoker 0.30 < 0.01
Warfarin use —0.01 0.90
Creatinine -0.03 0.68
Total cholesterol 0.05 0.57
LDL-C 0.16 0.05
HDL-C -0.14 0.09
Triglyceride* 0.09 0.27
hsCRP* 0.13 0.12
CAC score* -0.06 0.43

*Triglyceride, hsCRP, and CAC score were log-transformed in this
analysis. LDL-C — low-density lipoprotein cholesterol; HDL-C —
high-density lipoprotein cholesterol; hsCRP — high-sensitivity
C-reactive protein; CAC score — coronary artery calcium score

Table 3. Correlations between annual change in
coronary artery calcium (CAC) score and other
variables

Variables r P

Age 0.02 0.80
Male gender 0.05 0.57
Hypertension -0.08 0.33
Diabetes 0.02 0.78
Smoker -0.11 0.19
Warfarin use —0.06 0.47
Creatinine 0.13 0.12
Total cholesterol -0.07 0.40
LDL-C -0.15 0.07
HDL-C 0.02 0.78
Triglyceride* 0.08 0.34
hsCRP* -0.03 0.67
CD34 positive cell number -0.19 0.02

*Triglyceride and hsCRP were log-transformed in this analysis.
LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density
lipoprotein cholesterol; hsCRP — high-sensitivity C-reactive protein

the association between change in CAC score and
baseline variables. Age, sex, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein choles-
terol (HDL-C), triglyceride, and hsCRP at baseline
were not significantly correlated with annual change
in log-transformed CAC score. Meanwhile, CD34-
-positive cell numbers at baseline as a continuous

426 www.cardiologyjournal.org



Keishi Ichikawa et al., CD34-positive cells in coronary artery calcification progression

Table 4. Comparison of baseline characteristics between the high- and low-CD34 groups.

High-CD34 group Low-CD34 group P

N 82 74

Age [years] 65 + 10 69 £ 9 < 0.01
Male gender 60 (73) 25 (34) < 0.01
Body mass index [kg/m?] 25.6 = 4.1 24.6 + 3.8 0.13

Hypertension 65 (79) 62 (84) 0.47

Diabetes mellitus 23 (28) 19 (26) 0.74

Current smoker 21 (26) 5(7) < 0.01
Warfarin use 5 (6) 2 (3) 0.45

Creatinine [mg/dL] 0.81 + 0.22 0.93 + 1.45 0.47

AST [IU/L] 28 + 14 26 = 13 0.50

ALT [IU/L] 31 = 21 25 + 22 0.11

Total cholesterol [mg/dL] 177 = 30 174 = 33 0.59

LDL-C [mg/dL] 96 = 23 90 = 25 0.16

HDL-C [mg/dL] 54 + 12 57 =15 0.17

Triglyceride [mg/dL] 123 (95-167) 106 (77-155) 0.06

HbA1c [%] 5.8+ 0.9 5.7 £0.5 0.62

hsCRP [mg/L] 545 (338-1110) 530 (305-945) 0.71

CAC score 90 (24-242) 101 (33-225) 0.74

PIT2/PIT4/PIT2 + EPA 29 (35)/24 (29)/29 (35) 26 (35)/21 (28)/27 (37) 0.99

CD34-positive cell number [/uL] 1.6 = 0.6 0.5 +0.2 < 0.01

Data are presented as mean = standard deviation, number (%), or median (interquartile range). AST — aspartate aminotransferase; ALT —
alanine aminotransferase; LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol; HbA1c — glycated
hemoglobin A1c; hsCRP — high-sensitivity C-reactive protein; CAC score — coronary artery calcium score; PIT2 — 2 mg/day pitavastatin;
PIT4 — 4 mg/day pitavastatin; EPA — 1800 mg/day eicosapentaenoic acid

variable was inversely correlated with annual change
in log-transformed CAC score (r = -0.19, p = 0.02).
Furthermore, patients were classified into two
groups based on the median number of circulating
CD34-positive cells (0.8 cells/uL) and defined as high-
and low-CD34 groups. Baseline characteristics were
compared between the high-CD34 and low-CD34
patients (Table 4). The low-CD34 group was older and
had a lower prevalence of smokers and male patients
compared with the high-CD34 group. No significant
differences were observed between the two groups
in any of the blood test variables. In addition, baseline
CAC score was not significantly different between the
two groups. The change in CAC score was compared
between the high- and low-CD34 groups after adjust-
ing for age, gender, and smoking status, which were
significantly different between the two groups. The
adjusted change in CAC score in the low-CD34 group
was significantly greater than that in the high-CD34
group (53.9% [95% CI 31.3-76.5] vs. 21.1% [95% CI
—-0.3-42.5], respectively, p = 0.04; Fig. 2).

80+

p=0.04

N =2}
T <

Annual change in CAC score [%]

N
T

High CD34 group Low CD34 group

Figure 2. Comparison of the adjusted percentage
change in coronary artery calcium (CAC) score between
high- and low-CD34 groups. CAC scores were adjusted
for age and gender. Bars represent mean = 95% confi-
dential interval.
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Table 5. Univariate and multivariate predictors of coronary artery calcium (CAC) progression.

Variables Univariable Multivariable
Odds ratio 95% CI P Odds ratio 95% CI P

Age (> 65 years) 1.08 0.50-2.34 0.84

Male gender 1.04 0.50-2.14 0.93

Hypertension 0.95 0.37-2.42 0.91

Diabetes mellitus 1.59 0.66-3.80 0.30

Current smoker 0.71 0.279-1.777 0.46

Warfarin use 0.43 0.09-1.99 0.28

Creatinine 1.17 0.56-2.34 0.66

LDL-C 0.98 0.97-1.00 0.02 0.99 0.97-1.00 0.08
HDL-C 1.01 0.98-1.04 0.47

HbA1c 1.17 0.63-2.16 0.63

CAC score* 1.95 1.15-3.23 0.01 1.82 1.05-3.17 0.03
Low CD34 group 2.97 1.35-6.52 < 0.01 2.88 1.28-6.49 0.01
PIT2 0.63 0.39-1.76 0.83

PIT4 1.24 0.55-2.81 0.61

PIT2 + EPA 1.00 0.47-2.13 1.00

*CAC score was log-transformed in this analysis. C|l — confidence interval; LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density
lipoprotein cholesterol; HbA1c — glycated hemoglobin Alc; PIT2 — 2 mg/day pitavastatin; PIT4 — 4 mg/day pitavastatin; EPA — 1800 mg/day

eicosapentaenoic acid

Table 5 shows the unadjusted and adjusted
odds ratio (OR) for the association between clini-
cal variables and CAC progression. In univariate
logistic regression analysis, low CD34-positive
cell numbers (< 0.8 cells/uL), high CAC score,
and high LDL-C were significantly associated with
CAC progression. In multivariate logistic regres-
sion analysis, low CD34-positive cell numbers and
high CAC score remained independent predictors
of CAC progression, with ORs of 2.88 (95% CI:
1.28-6.49, p = 0.01) and 1.82 (95% CI: 1.05-3.17,
p = 0.03), respectively. To validate the association
between number of CD34-positive cells and CAC
progression further, CAC progression was re-
defined as a change in CAC score > 20%. In line
with previous analysis, univariate logistic regres-
sion analysis showed that low CD34-positive cell
number was a significant independent predictor of
percentage change in CAC score > 20% with an
OR of 1.96 (95% CI: 1.04-3.70, p = 0.04).

Finally, the association between annual change
in CD34-positive cells and CAC progression was
analyzed. At 1-year follow-up, 85 (54.5%) patients
had an increase in CD34-positive cell numbers
compared with baseline. The percentage change in
the number of CD34-positive cells in all patients
was 27.3%. There was no significant difference
in the percentage change in CD34-positive cell

numbers between the PIT2, PIT4, and PIT1 + EPA
groups (39.1%, 23.7%, and 19.0%, respec-
tively, p = 0.40). Meanwhile, at 1-year follow-up,
117 (75%) patients had an increase in CAC score
compared with baseline. The percentage change
in CAC score in all patients was 36.6%. There
was also no significant difference in the percent-
age change in CAC score between the PIT2,
PIT4, and PIT1 + EPA groups (31.1%, 38.9%,
and 40.2%, respectively, p = 0.86). No significant
association between the change in CD34-posi-
tive cell numbers and the change in CAC score
was observed when all patients were combined
(r=0.10,p = 0.24).

Discussion

The major finding of the present study is that
low numbers of circulating CD34-positive cells are
independently associated with CAC progression in
patients with hypercholesterolemia under statin
therapy. To the best of our knowledge, this is the
first study to investigate the association between
the number of CD34-positive cells and CAC pro-
gression. Our finding further characterizes the as-
sociation between low CD34-positive cell numbers
and the development of cardiovascular events.
The measurement of circulating CD34-positive
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cells may help identify patients at higher risk of
atherosclerotic disease.

Endothelial progenitor cells that express
CD34 on their cell surface play an important role in
maintaining and repairing the vascular endothelium
[10]. A decrease in the number of CD34-positive
cells suggests a reduction in endothelial repair
activity, which may result in insufficient repair.
Previous studies have confirmed a direct correla-
tion between endothelial progenitor cell numbers
and endothelial dysfunction, measured as bra-
chial artery flow-mediated dilation [2]. Moreover,
a report has demonstrated that reduced baseline
CD34-positive cell numbers is a predictor of mor-
tality among patients with coronary artery disease
risk factors [11-13]. Although CD34-positive cell
numbers are reduced by conventional cardiovas-
cular risk factors [14-16], the direct contribution
of CD34-positive cells to cardiovascular events
remains unclear. Our result may simply denote that
patients with low CD34-positive cell numbers have
more cardiovascular risk factors than patients with
high CD34-positive cell numbers. However, taken
together with data from other groups, the measure-
ment of CD34-positive cell numbers may be useful
to evaluate the risk of cardiovascular disease.

The CAC score reflects the presence and
extent of coronary atherosclerosis and is a useful
tool for risk stratification of adverse events [4, 5].
In a population-based study of 6722 participants,
the CAC score was shown to predict cardiovascular
events independently of traditional risk factors
[17]. Meanwhile, statins lower the risk of cardio-
vascular events [18]. Considering the procalcific
effects of statins on coronary arteries, there is
a possibility that statins reduce the absolute risk of
cardiovascular events in patients on statin therapy.
A previous study — the Multi-Ethnic Study of Ath-
erosclerosis — demonstrated that CAC > 0 was
associated with a nearly twofold higher risk of
incident cardiovascular events regardless of base-
line statin or incident statin use [19]. CAC can
therefore risk stratify individuals already taking
statins. Moreover, serial CAC score assessment
has also been proposed as a useful tool for monitor-
ing disease progression, and CAC progression is an
independent predictor for adverse cardiovascular
outcomes [6]. In previous short-term and long-
-term studies, standard coronary risk factors have
been related to CAC progression [20, 21]. In this
study, two definitions of CAC progression were
used: annual percentage change in CAC score > 0%
and > 20% were applied to exclude interscan
variability, and confirmed independent association

between number of CD34-positive cells and CAC
progression.

Our study demonstrated the association be-
tween the baseline number of CD34-positive cells
and CAC progression; however, whether CD34-
-positive cells are directly involved in CAC pro-
gression remains unclear for several reasons. First,
CD34-positive cells as markers of endothelial dys-
function (the earliest sign of atherosclerosis) and
CAC, which is found in advanced atherosclerotic
lesions, reflect different stages of atherosclerosis
[2, 22, 23]. Second, previous experimental studies
have suggested that osteopontin-mediated vascular
calcification may originate from osteoprogenitor
cells and occurs in the adventitia independently of
endothelial injury [24]. However, other studies of
the relationship between endothelial dysfunction
and CAC have shown conflicting results [25, 26].
Further study is needed to clarify the role of CD34-
-positive cells in vascular calcification.

Our study did not find a significant association
between the change in CD34-positive cell number
and CAC progression. One explanation could be
the effect of statins and eicosapentaenoic acid on
these measures. Previous studies have demon-
strated that both statin monotherapy and statin
plus omega-3 fatty acids increase CD34-positive
cell numbers [27, 28]. Additionally, intensive lipid-
-lowering by statins has been reported to increase
CAC [29, 30]. Thus, the increase in both CD34-
-positive cells and CAC by statins could affect the
association between the change in CD34-positive
cells and CAC progression. Another explanation
is that the follow-up duration of this study was
too short to assess the association between them.
A long-term follow-up may be needed to clarify the
association between the change in CD34-positive
cell numbers and CAC progression.

Limitations of the study

Our study has some limitations that should
be addressed. First, our study includes only Japa-
nese patients with hypercholesterolemia. The
prevalence and development of CAC score have
significant differences by race or ethnicity [31]. In
addition, patients with hypercholesterolemia are
known to exhibit lower numbers of CD34-positive
cells than the general population [10]. Therefore,
our result may not reflect the general population
and other ethnic groups. Second, all patients en-
rolled in our study were taking statin therapies.
CAC progression might be affected by statin use
due to its procalcific effects [32]. Third, we defined
CAC progression as an endpoint in this study, not
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cardiovascular events. The prognostic significance
of our study should be confirmed in larger studies
with long follow-up periods.

Conclusions

In conclusion, our study demonstrates the as-
sociation between low CD34-positive cell numbers
and CAC progression in patients with hypercho-
lesterolemia, which may explain the association
between the number of CD34-positive cells and
cardiovascular events. The quantification of cir-
culating CD34-positive cells may help identify
patients at higher risk of atherosclerotic disease.
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Abstract

Background: Numerous worldwide clinical trials have proven the indisputably negative influence
of morphine on the pharmacokinetics and pharmacodynamics of P2Y;, receptor inhibitors in patients
presenting with acute coronary syndrvomes. The aim of this trial was to evaluate whether oral co-
administration of an anti-opioid agent, naloxone, can be considered a successful approach to overcome
‘the morphine effect’.

Methods: Consecutive unstable angina patients receiving ticagrelor and morphine with or without
orally administered naloxone underwent assessment of platelet reactivity using Multiplate analyzer as
well as evaluation of the pharmacokinetic profile of ticagrelor and its active metabolite, AR-C124910XX,
at 9 pre-defined time points within the first 6 hours following oral intake of the ticagrelor loading dose.
Results: The trial shows no significant differences regarding the pharmacokinetics of ticagrelor
between both study arms throughout the study period. AR-C124910XX plasma concentration was
significantly higher 120 min after the ticagrelor loading dose administration (b = 0.0417). Howeves,
the evaluation of pharmacodynamics did not show any statistically significant differences between the
study arms.

Conclusions: 7o conclude, this trial shows that naloxone co-administration in ticagrelor-treated acute
coronary syndrome patients on concomitant treatment with morphine shows no definite superiority in
terms of ticagrelor pharmacokinetic and pharmacodynamic profile. (Cardiol J 2022; 29, 3: 432-440)
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Introduction

The development of contemporary treatment
of acute coronary syndromes (ACS) has forced the
establishment of methods of rapid platelet inhibi-
tion. The results of the PLATO trial proved the su-
periority of ticagrelor over well-known and widely
used clopidogrel in terms of its effectiveness, main-
ly demonstrated by the reduction of the composite
endpoint including cardiovascular death, myocar-
dial infarction or stroke with no significant increase
of the risk of clinically significant bleeding [1].
Based on those findings ticagrelor has become the
treatment of choice in patients presenting with ACS
according to currently available guidelines [2-6].

Numerous ACS patients, especially those
presenting with ST-segment elevation myocardial
infarction (STEMI), require strong and effective
analgesia. The most commonly used analgesic
medication nowadays is morphine [2]. Morphine
administration used to be considered beneficial for
ACS patients as it was thought to be associated not
only with pain alleviation, but also with a positive
tranquilizing effect on treated individuals. Sev-
eral international studies however, have revealed
anegative interaction between morphine and P2Y,,
receptor inhibitors leading to decrease of the plasma
concentrations of those platelet inhibitors and their
metabolites as well as delay and attenuation of their
antiplatelet activity [7-11]. The discovery of the
negative influence of morphine on the pharmacoki-
netic/pharmacodynamics (PK/PD) profile of ticagre-
lor in ACS patients resulted in a decrease of class
of recommendation for morphine use to class Ila
for STEMI based on the latest guidelines [2].
Morphine has been found to negatively influence
gastric emptying, impair intestinal motility, reduce
intestinal secretion and induce nausea or vomiting
[12]. The phenomenon presented above can be
called ‘the morphine effect’.

Naloxone, a selective opioid receptor antago-
nist, is widely used to diminish negative effects of
opioid drugs. Its utility is most pronounced in opi-
oid substitution therapy in cases of opioid addiction
or reversal of opioid action in opioid intoxication.
Typically, in such clinical situations, naloxone is ad-
ministered parenterally. However, if administered
orally, it has been proven to successfully reduce
the negative impact on gastrointestinal tract by
relieving opioid-related constipation in oncological
patients requiring regular opioid administration.
This approach allows the elimination of intestinal
motility impairment without risking attenuation
of the analgesic activity of an opioid, as naloxone

Piotr Niezgoda et al., NARCOTIC trial

administered orally is associated with a strong
first-pass effect making its serum concentration
barely detectable. The final bioavailability of the
drug after oral administration ranges from 2% to
3% [13-16].

On the basis of the aforementioned findings it
was hypothesized that co-administration of nalox-
one may prove beneficial as a potential method of
overcoming ‘the morphine effect’ in ACS patients
treated with ticagrelor who received morphine.

Methods

Study design and population

A pharmacokinetic/pharmacodynamic, phase IV,
single center, investigator-initiated, randomized,
open-label, active-controlled trial was designed and
it was conducted in accordance with Good Clinical
Practice and the Declaration of Helsinki guidelines.
The previously published study protocol [17] was
approved by The Ethics Committee of The Nico-
laus Copernicus University in Torun, Collegium
Medicum in Bydgoszcz (approval number KB
540/2015). Any study-related procedures were un-
dertaken only after obtainment of informed consent
to participate in the trial from each study partici-
pant. Males and non-pregnant females, aged 18-80
years, admitted to the Department of Cardiology,
A. Jurasz University Hospital in Bydgoszcz, Poland
due to unstable angina and qualified for coronary
angiography, underwent eligibility screening. The
complete list of inclusion and exclusion criteria is
presented in Table 1.

Patients admitted to the Department of
Cardiology, due to unstable angina received orally
a 300 mg loading dose (LD) of plain acetyl-
salicylic acid (Polpharma SA, Starogard Gdanski,
Poland) and underwent eligibility screening for
participation in the study. Having consented to
participate in the trial, eligible patients were
randomized in a 1:1 ratio into two study arms
as follows — the active study arm including
patients receiving: 1) crushed tablets of 180 mg
ticagrelor in 10 mL suspension in tap water
administered orally; 2) 5 mg of morphine ad-
ministered intravenously; 3) 1 mg of naloxone
administered orally; and the control group treated
with: 1) crushed tablets of 180 mg ticagrelor in
10 mL suspension in tap water administered oral-
ly; and 2) 5 mg of morphine administered intrave-
nously. The Random Allocation Software version
1.0. was used for the process of randomization.

Based on the results of studies previously
conducted in the present department, oral ad-
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Table 1. A complete list of inclusion/exclusion criteria for the study.

Inclusion criteria (all criteria must be met)

Provision of informed consent prior to any study specific procedures

Diagnosis of unstable angina
Male or non-pregnant female, aged 18-80 years

Provision of informed consent for angiography and percutaneous coronary intervention

GRACE score < 140 patients

Exclusion criteria (none of the criteria can be met)

Treatment with ticlopidine, clopidogrel, prasugrel or ticagrelor within 14 days before study enrollment

Current treatment with morphine or any opioid “mi” receptor agonist

Hypersensitivity to ticagrelor

Current treatment with oral anticoagulant or chronic therapy with low-molecular-weight heparin

Active bleeding

History of intracranial hemorrhage

Recent gastrointestinal bleeding (within 30 days)
History of coagulation disorders

Platelet count less than 100 X 10%/mcl
Hemoglobin concentration less than 10.0 g/dL
History of moderate or severe hepatic impairment

History of major surgery or severe trauma (within 3 months)

Risk of bradycardic events as judged by the investigator

Second- or third-degree atrioventricular block during screening for eligibility

History of asthma or severe chronic obstructive pulmonary disease

Kidney disease requiring dialysis

Manifest infection or inflammatory state

Killip class Ill or IV during screening for eligibility
Respiratory failure

History of severe chronic heart failure (NYHA class Ill or V)

Concomitant therapy with strong CYP3A inhibitors (ketoconazole, itraconazole, voriconazole, telithromycin,
clarithromycin, nefazadone, ritonavir, saquinavir, nelfinavir, indinavir, atazanavir) or strong CYP3A inducers
(rifampicin, phenytoin, carbamazepine, dexamethasone, phenobarbital) within 14 days and during study treatment

Body weight below 50 kg

ministration of crushed ticagrelor was chosen as
it was associated with the optimal pharmacoki-
netic and pharmacodynamic profile in unstable
angina patients [18]. Only patients with low and
intermediate risk of in-hospital mortality as as-
sessed with the GRACE scale were enrolled
in the study, which allowed completion of the
whole blood sampling schedule before coronary
angiography, avoiding the risk of its unpredictable
impact on platelet function. Taking into account
that morphine negatively affects the absorption
of ticagrelor from the gastrointestinal tract, we
assumed that addition of an opioid antagonist,
naloxone administered orally, would contribute
to the optimization of the PK/PD profile of tica-

grelor and its active metabolite. As assessed in
previous studies, a group of 15 patients for each
study arm was considered to be sufficient for
statistical analysis.

Blood sample collection

According to the study protocol, following
obtainment of informed consent for participation in
the study and randomization into the study arms,
collection of blood samples for the pharmacokinetic
and pharmacodynamic assessment was done. Nine
predefined time points of blood sampling were as
follows: before the administration of ticagrelor LD
and 15 min, 30 min, 45 min, 1 h,2h,3h,4h,6h
after its administration.
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Study primary outcome

Time to maximum concentration (t.,) for ticagrelor and AR-C124900XX

Study secondary outcomes

Maximum ticagrelor and AR-C124900XX concentration

Area under the plasma concentration-time curve for ticagrelor (AUC 0-6 h)
Area under the plasma concentration-time curve for AR-C124900XX (AUC 0-6 h)
Platelet reactivity assessed by multiple electrode aggregometry

Pharmacokinetics

Pharmacokinetic assessment was performed
for each study participant at all predefined time
points. Plasma concentrations of ticagrelor and its
active metabolite were evaluated in The Depart-
ment of Medicinal Chemistry, Collegium Medicum,
Nicolaus Copernicus University, Bydgoszcz using
liquid chromatography and mass spectrometry.
Measurements were performed using Shimadzu
UPLC Nexera X2 system and Shimadzu 8030
ESI-Triple Quadrupole mass spectrometer. The
limits of quantification for ticagrelor and its active
metabolite were defined as 4.69 ng/mL.

Pharmacodynamics

The evaluation of pharmacodynamics was per-
formed using the Multiplate analyzer (ADPtest,
Roche Diagnostics, Switzerland). The measurements
of platelet reactivity were conducted with multiple
electrode aggregometry (MEA) at all time points as
mentioned above. Area under the aggregation curve
(AUC) as a parameter reflecting the overall exposure
to both ticagrelor and AR-C124900XX, was assessed
on the assumption that AUC > 46 units (U) was
defined as high platelet reactivity (HPR).

Study outcomes

According to the protocol, the primary end-
point of this PK/PD study was the time required
to reach the maximum plasma concentration of
ticagrelor and AR-C124900XX following ticagrelor
loading dose intake. Secondary endpoints included
maximum concentration of ticagrelor and its me-
tabolite, area under the plasma concentration-time
curve (AUC,) for ticagrelor and AR-C124900XX
and platelet reactivity assessed by MEA in the
aforementioned time points. The complete list of
study outcomes is presented in Table 2.

Statistical analysis
Statistical analysis was performed using Mat-
lab R2014 Software (Mathworks, Natick, MA,

USA), the Statistica 12.5 package (StatSoft, Tulsa,
OK, USA) and R version 3.5.0 (R: library lme).
P < 0.05 were considered statistically significant.
AUC was calculated using the trapezoidal rule.
Comparative analysis of pharmacokinetic param-
eters between the study arms and time points were
conducted using mixed models with random effects
with the maximum likelihood method applied for
estimating variance parameters. Comparison of
pharmacodynamic parameters between the study
arms was performed with the Fisher exact test.

Results

Population baseline characteristics

Between October 2016 and December 2018,
a total of 30 unstable angina (UA) patients were
enrolled in the study. Baseline serum troponin
evaluation required ruling out an acute myocardial
infarction was performed for each study participant
showing no case of elevation above the refer-
ence level of 34.5 ng/L and 15.6 ng/L for men and
women, respectively. The study population was
generally well balanced, except for the prevalence
of prior coronary artery disease and consequently
prior percutaneous coronary intervention, which
were noticeably higher in the study arm (66.7% vs.
28.6%, p = 0.04 and 53.3% vs. 14.3%, p = 0.03,
respectively). The study population baseline char-
acteristics are presented in Table 3.

Safety and tolerability evaluation

The safety evaluation did not reveal any case
of serious adverse events such as death, myocardial
infarction, stent thrombosis, stroke or thromboem-
bolic events throughout the study. Minor symptoms
including weakness and headache were reported
by 2 patients in the active arm. On the other
hand, adverse effects in the control group of par-
ticipants included mild bradycardia (50-55 bpm),
nausea (2 patients) and excessive sweating as-
sociated with feeling unwell (1 patient). Due to
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Table 3. Study population baseline characteristics.

Study group (%) (n = 15) Control group (%) (n = 14) P
Age [years] 66.87* 60.21* 0.56
Male 12 (80) 7 (50) 0.089
Body weight [kg] 88.73* 77.48* 0.25
Body mass index [kg/m?] 29.05* 27.24*% 0.89
Prior CAD 10 (66.7) 4 (28.6) 0.04
Prior AMI 8 (53.3) 3(21.4) 0.08
Prior PCI 8 (53.3) 2 (14.3) 0.03
Prior CABG 3(20.0) 3(21.4) 0.95
Arterial hypertension 12 (80.0) 9 (64.3) 0.34
Prior peptic ulcer disease 3(20.0) 1(7.1) 0.31
Prior gastrointestinal bleeding 1(6.7) 1(7.1) 0.96
Prior stroke/TIA 2 (13.3) 1(7.1) 0.59
CKD 0 1(7.1) 0.29
Hyperlipidemia 13 (86.7) 12 (85.7) 0.94
Current smoker 1(6.7) 3(21.4) 0.23
History of smoking 8 (53.3) 4 (28.6) 0.18
Family history of CAD 5 (33.3) 9 (64.3) 0.09
Diabetes mellitus 3(20.0) 4 (28.6) 0.59
Insulin therapy 0 3(21.4) 0.06
COPD 0 1(7.1) 0.30
Peripheral atherosclerosis 3(20.0) 2 (14.3) 0.68

*Data are shown as mean. AMI — acute myocardial infarction; CABG — coronary artery bypass grafting; CKD — chronic kidney disease;
COPD — chronic obstructive pulmonary disease; CAD — coronary artery disease; PCl — percutaneous coronary intervention; TIA — transient

ischemic attack

vomiting that required immediate administration
of metoclopramide, a prokinetic drug, 1 patient’s
participation in the trial was terminated, which re-
sulted in exclusion of the initially obtained results
of pharmacokinetics and pharmacodynamics of this
participant from statistical analysis.

Pharmacokinetics

Pharmacokinetic assessment was performed
for each study participant. Statistical analysis of
all results showed only a trend toward a better PK
profile in the naloxone arm. Mixed models with
random effects showed no significant differences
between the study arms in terms of ticagrelor-
-related parameters. However, the difference
between plasma concentrations of AR-C124910XX
obtained at 120 min following ticagrelor LD reached
statistical significance (p=0.0417). PK parameters
obtained throughout the study are presented in
Table 4. Mean concentration of ticagrelor and its
active metabolite is presented in Figures 1 and 2.

Pharmacodynamics

The PD evaluation was performed for each
patient, revealing no significant differences be-
tween the study arms. The superiority of the
naloxone arm in terms of percentage of HPR
patients at particular time points patients was
only numerical. The most pronounced difference
was observed at 30 min following ticagrelor LD
(7 vs. 10 patients) for the naloxone and control arm
respectively (p = 0.18; Fig. 3).

Discussion

The recent discovery of the so-called ‘mor-
phine effect’ brought new challenges into contem-
porary ACS treatment strategies. As mentioned
before, co-administration of morphine in the course
of ACS is no longer a first-line approach due to its
negative impact on P2Y,, receptor inhibitors PK/
/PD profile. Inevitably, some patients, especially
presenting with STEMI, will require strong anal-
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Table 4. Pharmacokinetic parameters of ticagrelor and AR-C124910XX in mixed model with random

effects.

Value Standard error P-value
Ticagrelor
Intercept -274.1965 184.04303 0.1377
Time 15 vs. time 0 14.0322 223.66104 0.9500
Time 30 vs. time 0 145.4685 223.66104 0.5161
Time 45 vs. time 0 451.1968 223.66104 0.0449
Time 60 vs. time 0 762.1987 223.66104 0.0008
Time 120 vs. time 0 694.5401 223.66104 0.0022
Time 180 vs. time 0 880.6841 223.66104 0.0001
Time 240 vs. time 0 832.2042 223.66104 0.0003
Time 360 vs. time 0 589.4043 223.66104 0.0090
Group | vs. group I 79.2077 45.08410 0.0803
Time 15 group 5.8586 58.01639 0.9197
Time 30 group 30.3315 58.01639 0.6016
Time 45 group 40.3730 58.01639 0.4872
Time 60 group 31.6464 58.01639 0.5860
Time 120 group 82.9364 58.01639 0.1543
Time 180 group —-7.0878 58.01639 0.9029
Time 240 group -4.6060 58.01639 0.9368
Time 360 group 24.9611 58.01639 0.6674
Metabolite
Intercept -48.18294 39.93862 0.2290
Time 15 vs. time 0 0.00000 49.98636 1.0000
Time 30 vs. time 0 -3.58612 49.98636 0.9429
Time 45 vs. time 0 17.25228 49.98636 0.7303
Time 60 vs. time 0 66.51414 49.98636 0.1847
Time 120 vs. time 0 160.11218 49.98636 0.0016
Time 180 vs. time 0 229.63223 49.98636 0.0000
Time 240 vs. time 0 258.55988 49.98636 0.0000
Time 360 vs. time 0 177.13110 49.98636 0.0005
Group | vs. group I 13.79099 9.97219 0.1681
Time 15 group 0.00000 12.96617 1.0000
Time 30 group 4.96449 12.96617 0.7022
Time 45 group 14.83565 12.96617 0.2538
Time 60 group 19.00707 12.96617 0.1441
Time 120 group 26.55748 12.96617 0.0417
Time 180 group 6.51674 12.96617 0.6158
Time 240 group -4.16173 12.96617 0.7485
Time 360 group 8.45659 12.96617 0.5150

gesic agents to relieve unbearable pain associated
with the infarction. Until now, several approaches
to reduce ‘the morphine effect’ have been de-
scribed in the literature.

The present study is the first one aiming to as-
sess the influence of oral naloxone on ticagrelor and

AR-C124900XX in ACS patients who received
morphine. The results show no definite benefit
in terms of the PK and PD profile of ticagrelor
in the naloxone arm, however a trend toward
improvement of analyzed parameters could be
observed.

www . cardiologyjournal.org 437



Cardiology Journal 2022, Vol. 29, No. 3

1400

1200+

1000+

800+

600+

400+

Ticagrelor plasma concentration [mg/mL]

200+

--&--Tica + mf
--&-- Tica + mf + naloxone

0 T T
0 1530 45 60 120

180 240 360

Time [min]

Figure 1. Mean ticagrelor plasma concentration throughout the study; tica — ticagrelor; mf — morphine.
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Figure 2. Mean concentration of the active metabolite, AR-C124910XX throughout the study; tica — ticagrelor;

mf — morphine.

In our previous study it was proved that co-
administration of an anti-emetic agent, metoclo-
pramide, leads to higher plasma concentrations of
ticagrelor and its active metabolite and reduction of
time required to reach maximum plasma concentra-
tions of ticagrelor and its metabolite (123 min vs.
168 min for control arm, p = 0.015) [19].

The PK/PD profile of currently used P2Y,,
receptor inhibitors has also been found to be no-
ticeably dependent on the administration strategy
of the drug. No inconsistencies can be found in
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terms of the administration of crushed tablets of
P2Y,, inhibitors. Zafar et al. [20] proved that the
administration of clopidogrel in healthy volunteers
was associated with faster and greater bioavail-
ability if the drug was given as a crushed form via
a nasogastric tube. According to a study by Rollini
et al. [21], administration of crushed prasugrel in
STEMI patients led to faster absorption of this
agent. Also, it was associated with higher plasma
concentrations of its metabolite and reduction of
platelet reactivity 30 min after the LD of prasugrel.
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Figure 3. Proportion of patients with high platelet reactivity in study time points.

In the MOHITO study, Parodi et al. [22] reported
that the time required to achieve platelet inhibition
in STEMI patients was significantly shorter if they
received crushed ticagrelor instead of standard
integral tablets. Oral administration of crushed
ticagrelor was also associated with the best PK/
/PD profile of ticagrelor and its active metabolite in
our previous study evaluating the influence of tica-
grelor administration strategy in patients presenting
with UA. Moreover, the above-mentioned study
demonstrated this strategy to be superior over
sublingual administration of crushed ticagrelor [18].

The results of the latest studies aiming to
evaluate the impact of ticagrelor administration
strategy on its PK/PD profile show superiority of
chewed ticagrelor in terms of platelet reactivity
units (PRU) measured with VerifyNow in non-
STEMI patients at 1 h where it was found to be
significantly lower [23]. In a study by Venetsanos
et al. [24] PRU were also significantly lower in
patients presenting with stable angina pectoris
in the chewed-ticagrelor arm in comparison with
integral ticagrelor arm.

Limitations of the study

The study population comprised only UA
patients, thus baseline platelet reactivity does not
fully reflect characteristics of STEMI patients.

A limited number of study participants might
have negatively influenced the statistical analy-
sis as only a trend toward improvement of the
PK profile could be observed in the naloxone
arm. Although the prevalence of prior coronary
artery disease in the naloxone group was higher
than in the control group, it did not affect baseline
platelet reactivity.

Conclusions

According to available research, this study is
the first one to evaluate the impact of an anti-opioid
drug, naloxone, on PK and PD of ticagrelor and
its active metabolite. Even though a trend toward
improvement of the PK/PD profile of ticagrelor in
ACS patients pre-treated with morphine followed
by oral naloxone is perceptible, further research
is required to determine optimal approaches to
overcome the ‘morphine effect’.
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Abstract

Background: Non-ischemic dilated cardiomyopathy (DCM) is a heterogeneous disease with a spec-
trum of etiological factors. However, subsets of the disease are not well-characterized with respect to
these factors. The aim of this study was to evaluate the prevalence of myocardial inflammation and
cardiotropic viruses in DCM patients and their impact on clinical outcome.

Methods: Fifty-seven patients with DCM underwent endomyocardial biopsy between 2010 and 2013.
Biopsies were analyzed by polymerase chain reaction (PCR) for the presence of cardiotropic viruses,
and inflammatory cell infiltration was assessed by immunohistochemistry. During a 5-year follow-up,
27 (47%) patients reached the composite outcome measure: heart transplantation, left ventricle assist
device implantation or cardiovascular-related death.

Results: Thirty-one (64%) patients had myocardial inflammation and cardiotropic viruses were de-
tected in 29 (52%). The most frequent viruses were parvovirus B19 and human herpesvirus type-6. Four
specific sub-groups were distinguished by PCR and immunohistochemistry: virus-positive (chronic)
myocarditis, autoreactive inflammatory DCM, viral DCM, non-inflammatory DCM. The presence of
a vival genome in myocardium or diagnosis of inflammatory DCM did not predict the outcome of com-
posite outcome measures (p > 0.05). However, univariate Cox regression and survival function estima-
tion revealed an association between inflammation by a high number of T-cells and poor prognosis.
Conclusions: This study has shown that two markers — cardiotropic viruses and myocardial inflam-
mation — are prevalent among DCM patients. They are also helpful in identifying sub-groups of DCM.
An increased number of T-lymphocytes in the myocardium is a predictor of poor mid-term and long-
-term prognosis. (Cardiol ] 2022; 29, 3: 441-453)
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Introduction

Non-ischemic dilated cardiomyopathy (DCM)
is a chronic heart disease. It presents with left
ventricle (LV) dilatation and impaired ventricle
function (left or both ventricles), which is not
caused by coronary artery disease or abnormal
loading conditions [1]. DCM is a heterogeneous
disease with a spectrum of etiologic factors such
as infectious agents, genetic abnormalities, auto-
immune mechanisms, drugs, and toxins [2]. DCM
causes heart failure, leading to heart transplanta-
tion or death [3].

Over the past few decades, the definition of
DCM has developed [1, 4-6]. Endomyocardial
biopsy, analyzed by immunohistochemistry and
viral polymerase chain reaction (PCR), became
an essential procedure for diagnosing the cause of
DCM [1, 7, 8]. Consequently, cardiotropic viruses
are recognized as a crucial etiologic factor of heart
failure and are found in the myocardium of up to
67% of DCM patients [10, 11]. The data concerning
the impact of the presence of cardiotropic viruses
on clinical significance and prognosis remains un-
der debate [12, 13].

Diagnostic criteria for inflammation in the
myocardium were updated several times [1, 4, 5, 9].
Myocardial inflammation, confirmed by endo-
myocardial biopsy, is also known as a significant
causal factor, and is responsible for progression
of LV dilatation [14-17]. However, the prognostic
role of myocardial inflammation on clinical out-
come varies in different studies due to diverse
diagnostic criteria [12, 18-21]. The latest defini-
tion of myocardial inflammation was endorsed
by the European Society of Cardiology (ESC) Work-
ing Group on Myocardial and Pericardial Diseases
[1]. However, there is a shortage of data, which
demonstrate the prognostic relevance of myo-
cardial inflammation defined by this criterion. In
addition, immunohistochemistry and viral PCR are
used to characterize etiopathogenetic subsets of
DCM patients, but prospective data are lacking for
these subsets. Thus, the clinical value of research
of etiopathogenetic factors may be of paramount
importance to prognosis assessment and may help
to further the development of treatment strategies.

The aim of this study was to use immunohisto-
chemistry and PCR — to evaluate the prevalence
of myocardial inflammation and cardiotropic viruses
— in DCM patients. Further, to investigate their
impact on the clinical outcome; and to clarify the
impact of different myocardial inflammatory cells
on mid-term and long-term prognosis.

Methods

Study population. Inclusion and exclusion
criteria

A prospective cohort study was done in
our center between January 2010 and Decem-
ber 2013. 57 patients admitted to this institu-
tion with heart failure and reduced LV ejection
fraction (LVEF) (with unknown etiology of LV
dilatation) for diagnostic evaluation were en-
rolled. Inclusion criteria were clinical signs
and symptoms of heart failure, accompanied by
echocardiographic evidence of LV dilatation (LV
end-diastolic diameter [LVEDD] > 117% of the pre-
dicted value, corrected for age and body surface area
[> 2 standard deviations] of the predicted normal
limit +5%) and reduced (< 45%) LVEF [22, 23].

Exclusion criteria were: 1) Significant coro-
nary artery disease, defined as at least 50% proxi-
mal stenosis of a coronary artery or a history of
myocardial infarction; 2) Known causes of heart
failure, such as primary valvular or heart muscle
disease, hypertensive heart disease, endocrine dis-
ease, advanced renal insufficiency, drug or alcohol
abuse; 3) Acute myocarditis (new-onset symptoms
during the past 3 months) or acute myocardial
infarction suspected by clinical presentation or in
diagnostic testing.

All patients provided written informed con-
sent. Ethical approval was obtained from the local
Lithuanian Bioethics Committee (license num-
bers 158200-09-382-103; 158200-382-PP1-23; and
158200-17-891-413).

All patients were treated according to the
ESC guidelines [24, 25]. At the time of inclusion,
none of the patients were treated with inotropic
agents. Specific etiology-directed treatment was
not administered.

Medical examinations

All patients underwent a medical interview,
physical examination, and routine laboratory stud-
ies. Additionally, the proinflammatory serum cy-
tokine interleukin-6 (IL-6) was tested as described
elsewhere [26].

Echocardiography was performed for all pa-
tients to obtain conventional echocardiographic
parameters. Cardiac magnetic resonance with
late gadolinium enhancement was performed for
33 patients.

Mandatory investigations included coronary
angiography to exclude coronary artery disease,
right heart catheterization for hemodynamic evalu-
ation. During the same procedures, right ventricle
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endomyocardial biopsy was performed for the
immunohistochemical evaluation and the detec-
tion of viruses by PCR. Three endomyocardial
biopsy procedures were discontinued because of
complications (arrhythmias or right ventricular
perforation). Due to the lack of biopsy sam-
ples, PCR was performed for two of the above-
mentioned patients and immunohistochemical
analysis for one.

Histological and immunohistochemical
assessment

Storage of the endomyocardial biopsy sam-
ples, and histological and immunohistochemical
analyses were performed as described previously
[26]. In brief, we detected antibodies (Santa Cruz
Biotechnology, Inc.) against: T-lymphocyte CD3
(DAKO A0452 Rabbit 1, Hamburg, Germany),
active-memory T-lymphocyte CD45Ro (DAKO
Hamburg), macrophage CD68 (DAKO M0876
Mouse 1, Hamburg), T-helper cell CD4 (DAKO
Hamburg, Germany), intracellular adhesion mol-
ecule-1 (ICAM-1) CD54 (NovocastraTM Lyophi-
lized Mouse Monoclonal Antibody CD54 Clone
23G12), and MHC class II cell surface receptor
HLA-DR (DAKO Hamburg, Germany). Positive
cells were registered by an experienced patholo-
gist and expressed as the number of cells per mm*
Myocardial inflammation was diagnosed according
to the criterion established by the ESC Working
Group on Myocardial and Pericardial Diseases.
This criterion is immunohistochemical detection
of significant focal or diffuse cellular infiltration in
the endomyocardial biopsy (> 14 leucocytes/mm®,
including up to 4 monocytes/mm’ with the presence
of CD3 positive T-lymphocytes > 7 cells/mm?) [1].
Inflammatory endothelial activation was diagnosed
if immunohistochemical analysis revealed > 3
cells expressing adhesion molecules, 1.e., I[CAM-1
(CD54) and/or HLA-DR [27].

Detection of viral genomes

Genomic DNA and total RNA were extracted
simultaneously using the ZR-Duet DNA/RNA
Miniprep kit (Zymo Research, Irvine, CA, USA).
RNA (1 ug) was reverse transcribed in 20 uL reac-
tion volumes using random hexamers and the First
Strand cDNA Synthesis Kit (Thermo Fisher Scien-
tific, Vilnius, Lithuania) according to the vendor’s
recommendations and diluted up to 100 uL with
deionized water after the reaction.

Nested PCR primers for the detection of
adenovirus [28], herpes simplex viruses 1 and 2,
varicella-zoster virus (VZV), cytomegalovirus

Table 1. Primers for detection of human herpes
virus 6 (HHV®6), Kirsten rat sarcoma viral onco-
gene homolog (KRAS) and ubiquitin C (UBC).

Primer Sequence (5-3")
HHV6-N1 ACCCGAGAGATGATTTTGCGTG
Forward

HHV6-N1 GCAGAAGACAGCAGCGAGATAG
Reverse

HHV6-N2 CATAGCAACCTTTTCTAGCTTTGAC
Forward

HHV6-N2 TCTATAACATAAATGACCCCTGGGA
Reverse

UBC-N1 TTCTTTCCAGAGAGCCGAAC
Forward

UBC-N1 CCCATCTTCCAGCTGTTTTC
Reverse

UBC-N2 TGGGTCGCAGTTCTTGTTTG
Forward

UBC-N2 CCTTCCTTATCTTGGATCTTTGCC
Reverse

KRAS-N1 CTTTGGAGCAGGAACAATGTCT
Forward

KRAS-N2 AATCCAGACTGTGTTTCTCCCT
Forward

KRAS-N1/N2 TACACAAAGAAAGCCCTCCCC
Reverse

(CMV), parvovirus B19 (B19V), Epstein-Barr virus
(EBV), hepatitis C virus (HCV), enterovirus (EV),
and rubella virus [29] are described elsewhere.
Primer sequences for the nested PCR of human
herpes virus 6 (HHV-6, GenBank accession no.
NC001664.2 and NC000898.1); Kirsten rat sar-
coma viral oncogene homolog (KRAS, GenBank
accession no. NM033360); and ubiquitin C (UBC,
GenBank accession no. NM021009) are presented
in Table 1. Forward primers for the second PCR
step (N2Fw) were labeled with 6-carboxyfluores-
cein at the 5’ end. All primers were synthesized by
the Metabion Company (Martinsried, Germany).
All PCRs were run on a TProfessional Stand-
ard thermocycler (Biometra, Gottingen, Germany),
as described by Allard et al. [28]. KRAS and UBC
detection was used to validate the extraction of
nucleic acids and was performed in parallel ac-
cording to the conditions for viral DNA and RNR,
respectively. Final PCR products were diluted
10-fold and sized by capillary electrophoresis on
a Genetic Analyzer 3130x/, using GeneScan 600
LIZ™ Size Standard and Gene Mapper Software
v4.1 (Applied Biosystems, Foster City, CA, USA).
For positive results, the genomic DNA or RNR
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specimens from peripheral blood samples were
also tested to exclude contamination.

Follow-up

All patients were followed-up for 5 years after
the endomyocardial biopsy. The composite outcome
measures were composite and combined three
outcomes: cardiovascular death, LV assist device
implantation, or heart transplantation. The time of
the first event was included in the analysis. Follow-
up events were confirmed by medical records or
telephone interview with the patients’ families.

Statistical analysis

Data management and analysis were per-
formed using the R studio package (3.5.1 version)
at a 5% significance level. Continuous variables
were tested by the Shapiro-Wilk statistic for nor-
mal distribution. Normally distributed continuous
variables were expressed as the mean * standard
deviation. Other continuous variables were ex-
pressed as the median (interquartile range), and
categorical data as counts and percentages. Con-
tinuous variables were compared by the Student
independent t-test when normally distributed, or
by the Mann-Whitney-U test when non-normally
distributed. Comparisons of categorical variables
between the groups were made using the y” test or
the Fisher Exact test if expected values were < 5.

Univariate Cox proportional hazards regres-
sion analysis was performed to evaluate which
inflammatory cells or clinical parameters were
associated with poor mid-term and long-term
composite outcome measures after 2-year and
5-year follow-up. The optimal cut-off point was
determined using the receiver operating charac-
teristic (ROC) curve. The Kaplan-Meier analysis
was used to compare cumulative survival rates
between different subgroups of DCM patients after
a 2-year and 5-year follow-up. The log-rank statistic
was used to evaluate the statistical significance of
differences between the curves.

Results

Baseline patients’ characteristics
Fifty-seven DCM patients (mean age 47.3 =
=+ 10.9 years; 45 [79%] males) with chronic heart fail-
ure participated in the study. The average LVEDD
was 6.8 = 0.9 cm, average LVEF — 26.1 = 9.5%,
and average pulmonary artery wedge pressure —
22 = 9mmHg. Of these patients, 41 (72%) were in
New York Heart Association (NYHA) III functional
class and 10 (17%) were NYHA IV functional class.

The median (interquartile range) heart failure dura-
tion was 12 (55) months. Baseline characteristics
are shown in Table 2.

Of the 57 patients, 27 (47%) reached the com-
posite outcome measure during the 5-year follow-up
period: 10 (18%) patients died, 9 (16%) underwent
heart transplantation, and 8 (14%) LV assist device
implantation. Other patients remained on conven-
tional medical heart-failure therapy. The 5-year
cumulative survival rate was 53%. In univariate Cox
regression models, most hemodynamic parameters,
echocardiographic parameters and IL-6 were associ-
ated with poor clinical outcomes (Table 2).

The prevalence of cardiac inflammation

Immunohistochemical analysis was performed
on 55 endomyocardial biopsies. Myocardial inflam-
mation was detected in 31 of the 55 (54%) DCM
patients. Patients were divided into two groups:
inflammatory DCM (iDCM) and non-inflammatory
DCM (non-iDCM). No difference was observed in
baseline characteristics of the two groups (p > 0.05;
Table 2), except for lower systolic blood pressure
and higher level of B-type natriuretic peptide
(BNP) in the iDCM group (p < 0.05).

Kaplan-Meier analysis showed no difference
between survival curves of patients with iDCM
and non-iDCM (p > 0.05; Fig. 1).

However, univariate Cox regression analysis
revealed an association between a higher CD45ro+
cell count in the myocardium and poor mid-term
prognosis. Higher CD3+ cell count in the myo-
cardium was associated with poor mid-term and
long-term prognosis. This was not the case for
CD68+ inflammatory infiltrative cells (Table 3).
ROC curves determined the cut-off values for
CD3+ and CD45ro+ cells (Fig. 2). The cohort
was divided into two groups according to whether
their CD3+ and CD45ro+ cell counts were above
or below the cut-off value (13 cells/mm?* and 11.5
cells/mm®, respectively). Univariate Cox regres-
sion analysis showed that cell counts above cut-off
values were associated with worse mid-term and
long-term clinical outcome (Table 3). Estimation
of survival curves demonstrated that patients with
CD3+ and CD45ro+ cell counts above the cut-off
values had lower survival rates (Fig. 3). Lower
p-values in survival analysis and higher hazard
ratio (95% confidence interval) in Cox regression
analysis revealed that inflammatory cells predict
better mid-term than long-term outcomes.

Inflammatory endothelial activation (increased
expression of HLA-DR and ICAM [> 3 cells/
/mm?*]) was detected by immunohistochemistry in
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Table 2. (cont.) Baseline characteristics for the study population. A comparison of baseline characteristics of non-inflammatory dilated cardiomyopa-

thy (non-iDCM) and inflammatory dilated cardiomyopathy (iDCM) patients, and patients with and without the viral genome. Univariate Cox analysis

showing the association between the various clinical parameters and poor long-term clinical outcome.

Virus- P HR (95% CI) P

-positive

Virus-
-negative
(n = 27)

P

iDCM
(n = 31)

Non-iDCM

All patients

Variable

Ieva Kazukauskiené et al., Prognosis of myocardial inflammation and viruses in non-ischemic DCM

(n = 29)

(n = 24)

(n = 57)

Immunohistological markers of endothelial activation (n = 55)

ICAM-1/CD54+ [cells/mm?]
HLA DR [cells/mm?]
CD3+ [cells/mm?]

0.26
0.23
0.66

0 (1%)
5 (2%)

0 (2%)

0.45
0.1
< 0.001
< 0.001
< 0.001

0 (1.5%)
5.0 (2%)
15 (8%)
10 (6%)
5 (4%)

0 (1%)
4.5 (2%)
7 (2%)

0 (1%)
5 (2%)

5 (1%)
10 (9%)

9 (56%)

10 (9%)
7 (5%)
4 (2%)

CD45+ [cells/mm?]

0.42
0.01

6 (3%)

7 (5%)

5 (2%)

3 (3%)

5 (3%)

3(2%)

CD68+ [cells/mm?]

*Evaluated visually. Values are expressed as: median (interquartile range), mean + standard deviation or number (%); hazard ratio (HR) and 95% confidence interval (Cl). Significant at the p-value of < 0.05
(bold value).(bold value). ACEI — angiotensin-converting enzyme inhibitor; ARB — angiotensin Il receptor blocker; BP — blood pressure; BMI — body mass index; BNP — B-type natriuretic peptide; B19V

parvovirus B19; CRP — C-reactive protein; eGFR — estimated glomerular filtration rate; EBV — Epstein-Barr virus; EV — enterovirus; HCV — hepatitis C virus; HHV-6 — human herpes virus 6; VZV —
varicella zoster virus; IL-6 — interleukin 6; LBBB — left bundle branch block; LV — left ventricle; LVEF — left ventricular ejection fraction; LVEDD — left ventricular end-diastolic diameter; MRA — miner-
alocorticoid receptor antagonist; MR — mitral regurgitation; RV — right ventricle; NYHA — New York Heart Association; PAWP — pulmonary capillary wedge pressure; RAP — right atrial pressure; PAP

— pulmonary arterial pressure; PVR — pulmonary vascular resistance; TAPSE — tricuspid annular plane systolic excursion; TR — tricuspid regurgitation

50 (91%) patients. The expression did not, howev-
er, differ between the iDCM and non-iDCM groups
(p > 0.05). However, it should be interpreted with
caution, while these proteins are not only markers
for endothelial activation, but are also found on the
surface of immune cells.

Prevalence of cardiotropic viruses

Polymerase chain reaction analysis was per-
formed on 56 endomyocardial biopsies. Viral ge-
nomes were detected in the myocardium of 29
(52%) of the 56 DCM patients. Of these 29 patients,
25 (86%) had the B19V genome, and other 5 (17%)
had HHV6 genome. Other viruses (VZV, CMV, EBY,
HCV, EV), were detected in single cases (n = 1
[3%] of each type). Three (10%) of virus-positive
patients had a double infection and one of them
(3%) a triple infection. Co-detection of B19V and
HHV6 prevailed (n = 3 [10%]).

The remaining 27 (48%) patients were virus-
-negative. There were no differences in most
baseline parameters between the virus-positive
and virus-negative groups (p > 0.05), except for
higher BNP and IL-6 levels, worse hemodynamic
parameters (Table 2), and a higher number of in-
filtrative CD68 + cells in the virus-negative group
(Fig. 4).

Kaplan-Meier survival curves demonstrated
no difference in survival rates of patients in virus-
-positive and virus-negative groups (p > 0.05;
Fig. 5).

Sub-groups of idiopathic DCM
Both PCR analysis and immunohistochemical

evaluation were performed on 54 DCM patients.

Based on the detection of viral genome — in

combination with positive or negative immunohis-

tochemistry — four specific sub-groups of patients
were distinguished:

— Virus-positive (chronic) myocarditis (15 [28%]
patients): both cardiotropic virus and myocar-
dial inflammation was present;

— Autoreactive iDCM (16 [30%] patients): no
cardiotropic virus was detected but myocardial
inflammation was present;

— Viral DCM (14 [26%] patients): viral genome
was detected but no signs of myocardial in-
flammation;

— Non-inflammatory DCM (9 [17%] patients):
neither viral genome nor inflammation was
detected.
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Figure 1. Kaplan-Meier analysis of the inflammatory dilated cardiomyopathy (iDCM) and non-inflammatory dilated

cardiomyopathy (non-iDCM) groups.

Table 3. Univariate Cox analysis showing the association between the number of myocardial inflam-
matory infiltrates and poor clinical outcome after 2-year and 5-year follow-up.

Cardiac inflammatory infiltration

HR (95% CI)

and endothelial activation

markers [cells/mm?] 2-year follow-up P 5-year follow-up P

CD3+ 1.085 (1.04-1.132) < 0.001 1.061 (1.02-1.103) 0.003
CD45ro+ 1.079 (1.025-1.136) 0.004 1.048 (0.998-1.101) 0.06
CD68+ 1.075 (0.862-1.34) 0.523 1.029 (0.867-1.223) 0.74
CD4+- 1.01 (0.91-1.13) 0.82 1.013 (0.908-0.13) 0.82
CD54+ 0.82 (0.53-1.25) 0.35 0.816 (0.532-1.254) 0.35
HLA-DR+ 1.02 (0.91-1.14) 0.7 1.022 (0.915-1.143) 0.7

CD3+ > 13 cells/mm? 4.481 (1.588-12.64) 0.005 2.181 (1.009-4.711) 0.047
CD45ro+ > 11.5 cells/mm? 5.261 (1.854-14.93) 0.002 2.892 (1.217-6.871) 0.016

Values are expressed as hazard ratio (HR) and 95% confidence interval (Cl). Significant at the p-value of < 0.05 (bold value).

Discussion

This prospective study summarizes an ex-
perience identifying etiopathogenetic markers of
idiopathic DCM for diagnosis of distinct disease
sub-entities, and evaluates their prognostic value.
In this study, the criterion defined by the ESC
Working Group on Myocardial and Pericardial
Diseases [1] for diagnosing iDCM was used. iDCM
was diagnosed in 54% of the patients by immuno-
histochemistry. The rate of the iDCM was similar
when compared to the study by Palecek et al. [30].

448

The prognostic value of myocardial inflammation
and different inflammatory cells varies in different
studies, possibly due to the diversity of diagnos-
tic protocols [31]. Though, according to available
research, we found no study which evaluated the
prognostic value of iDCM diagnosed by ESC cri-
terion. In the present cohort, iDCM had no impact
on clinical outcomes. However, a higher count of
CD3+ and CD45ro+ cells were associated with
a poor clinical outcome.

The current study found a high prevalence of
cardiotropic viruses (52% of patients), of which
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Figure 2. Receiver operating characteristic curve analy-
sis of CD3+ and CD45ro+ cells for predicting composite
endpoint. The best cut-off values were 13 CD3+ cells/
/mm? (sensitivity, 41%; specificity, 75%) and 11.5
CD45ro+ cells/mm? (sensitivity, 26%; specificity, 89%).

the most frequently detected were B19V and
HHV6. Three (10%) patients were co-infected with
B19V and HHV6. These findings support previous
studies, in which B19V and HHV6 were the most
frequent viruses [10, 32, 33]. Furthermore, the
high prevalence of B19V suggests that chronic
DCM might have developed from the previous
B19V-associated myocarditis [34]. However, there
is conflicting evidence about the viral genome’s
impact on the long-term prognosis. Several stud-
ies revealed that viral genomes were associated
with worsening LV function, the need for heart
transplantation, and death [10, 35]. While other
studies report that the existence of viral genomes
per se is not associated with poor clinical outcome
[12, 36-38]. In the present cohort, detection of
a virus had no impact on clinical outcome.

However, half of the virus-positive patients
had no myocardial inflammation. This finding is
also reported by Kiihl et al. [10], in whose study
DCM patients had symptoms of heart failure and
viral genome, but no evidence of inflammation.
Kindermann et al. [12] have also reported that
the frequency of inflammation is independent of
any evidence of the virus genome. Several studies
detected B19V in healthy people’s hearts with no
evidence of inflammation [38-40].

In contrast, half of the current iDCM patients
had no viral genome, and cause of inflammation re-
mains unknown. This finding supports the idea that

myocardial inflammation could be maintained by an
autoimmune process leading to the deterioration of
LV function [41]. Contrarily, this high prevalence of
cardiac inflammation might be due to the advanced
DCM phenotype. The question remains whether
this inflammation is a consequence of this advanced
stadium or if it acts as a causal factor.

Interestingly, the macrophage count was
higher in the virus-negative group. It could be
hypothesized that CD68+ macrophages have an
impact on DCM pathogenesis because of their
pro-inflammatory activity. As known from previous
studies, macrophages can cause or maintain per-
sistent LV systolic dysfunction and LV remodeling
[42]. While recent studies have noted the impor-
tance of macrophage profiles and their function in
heart diseases, much is still unknown about their
impact on DCM pathogenesis [43].

Virus-negative patients had worse hemody-
namic parameters and higher BNP levels than the
virus-positive patients, although echocardiographic
parameters did not differ between the two groups.
Worse hemodynamic status might be explained by
chronic immune activation and myocardial inflam-
mation, given that higher numbers of macrophages
and higher levels of IL-6 were detected in this
virus-negative group. Macrophages secrete IL-6
[44], which might increase the severity of pulmo-
nary hypertension [45].

Although heart failure treatment has become
more effective, there are still many refractory DCM
patients who do not respond to any available treat-
ment. Therefore, developing alternative therapies
is essential. Four etiopathogenetic groups were
distinguished, for whom the specific therapeutic
strategy selected could be suitable [1, 6, 46] or nov-
el treatment options established [13]. Treatment
strategies based on the etiopathogenetic approach
to the disease might improve LV function, prevent
progression of heart failure, and, in some cases,
exclude patients from the heart transplant list.

Limitations of the study

First, small sample size did not allow for differ-
entiation of patients based on the type of infectious
agent. Second, the study had no control group, due
to a shortage of healthy donor hearts which were
not suitable for transplantation. Third, as a result
of financial considerations, neither virus replication
nor the viral load for distinguishing active from
incidental infection were investigated [47], nor was
autoantibody testing performed or genetic screen-
ing for pathogenic DCM mutations. Fourth, due to
limited-experience in specific DCM treatment and
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Figure 3. Survival curves according to the count of CD3+ and CD45ro+ cells. Patient groups with a higher number
of infiltrative cells (CD3+ > 13 cells/mm? and CD45ro+ > 11.5 cells/mm?) had a significantly lower survival rate than

groups with lower cell counts.

the treatment costs, none of the patients received
etiology-directed treatment. Finally, the study was
held at a time when right ventricle was a “forgot-
ten” ventricle, therefore it was limitedly assessed.
In spite of its limitations, the study certainly pro-
vides a basis for a more extensive diagnostic and
treatment studies — based on etiopathogenetic
sub-entities which include a control group.

Conclusions

This study has shown that two markers, car-
diotropic viruses and myocardial inflammation, are
prevalent among DCM patients and are helpful in
identifying sub-groups of DCMs. An increased
number of T-lymphocytes in the myocardium
is a predictor of poor mid-term and long-term
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Figure 4. Comparison of inflammatory cell (CD3+, CD45ro+, and CD68+) counts in the virus-negative and virus-
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Figure 5. The Kaplan-Meier curves for virus-positive and virus-negative groups.

prognosis. The finding of specific inflammatory
cells as a prognostic marker could be of value in de-
termining new definitions of cardiac inflammation.
A natural continuation of this work would
be further analysis of specific etiologic DCM sub-
groups and a search for etiology-directed treatment
strategies.
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Abstract

Background: Left ventricular non-compaction cardiomyopathy (LVNC) features extensive trabecu-
lations. Involvement of the right ventricle (RV) has been reported; however, distinction from normal
RV trabeculation s difficult. This study aimed at assessing RV morphology and function in LVNC by
cardiac magnetic resonance (CMR) and transthoracic echocardiography (TTE).

Methods: Dimensional and functional parameters were assessed according to guidelines. Novel CMR
parameters were RV end-diastolic (ED) trabeculated area, RV ED trabeculated volume, and RV ED
non-compacted to compacted (NC/N) ratio in short axis (SAX) as well as in four-chamber view (4CH).
Results: Twenty patients with LVNC and 20 controls were included. RV size and function were com-
parable in LVNC and controls and exhibited a good correlation between TTE and CMR. Although RV
trabeculated area, RV trabeculated volume, and RV ED NC/C ratio in SAX as well as in 4CH were
larger in LVNC, there was a major overlap with values in controls. RV ED NC/C ratio in SAX cor-
related with LV ED NC/C ratio (not in 4CH). Quantitative assessment of RV non-compaction was not
feasible in TTE.

Conclusions: Right ventricle size and function in LVNC can be measured by CMR and TTE, while RV
trabeculation can only be quantified by CMR. RV myocardium displays more trabeculations in LVNC;
however, overlap with normal individuals is extensive, not allowing separation of patients with LVNC

from controls. (Cardiol ] 2022; 29, 3: 454-462)

Key words: trabeculation, cardiac magnetic resonance imaging, echocardiography,
left ventricular non-compaction cardiomyopathy

Introduction

Left ventricular non-compaction cardiomyo-
pathy (LVNC) is characterized by a two-layered
myocardium involving a thin, compacted, outer
layer and a thick, non-compacted, inner layer with
deep recesses between prominent trabeculations
[1]. During recent years, the awareness of LVNC

has increased [2-6], with wider recognition of
the disease and systematic family screening, the
number of symptomatic and asymptomatic patients
diagnosed with LVNC is growing [7-14].

While most studies have focused on the left
ventricle (LV) [15-17], prominent trabeculation
has also been reported in the right ventricle (RV)
of patients with LVNC [5, 18, 19]. In addition, RV
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systolic function was decreased in patients with
advanced LVNC and seemed to be associated with
impaired outcome [20-22]. However, the extent
and incidence of RV involvement remains unclear.
Cardiac magnetic resonance (CMR) performed in
56 LVNC patients revealed in only 6 patients RV
non-compaction as defined somewhat arbitrarily by
the presence of recesses within the inflow area of
the RV involving at least 75% of the RV thickness
[21]. RV apical trabecular thickness assessed by
CMR correlated with the extent of LV involve-
ment in LVNC, whereas RV end-diastolic (ED)
non-compacted to compacted (NC/C) ratio in four-
-chamber view (4CH) did not differ from normal
ventricles [22]. RV systolic function was decreased
in patients with advanced LVNC and seemed to be
associated with enhanced RV trabeculation and
impaired outcome [20-23].

Due to its complex shape, comprehensive
evaluation of the RV is difficult by transthoracic
two-dimensional echocardiography (TTE) [20].
In addition, the RV exhibits a substantially higher
number of trabeculations than the LV even in
healthy individuals, wherefore it is challenging
to differentiate between normal and pathologic
anatomy in patients with suspected LVNC [22].
CMR provides a full volume three-dimensional
(3D) dataset independent of acoustic windows and
is regarded as the reference method for assessing
the RV in various cardiac diseases [24]. It is of great
value for diagnosis and morphological description
of LVNC in the LV and indeed has become one of
the standard modalities for assessing LVNC pa-
tients [25-28]. On the other hand, due to its wide
availability and high versatility, echocardiography
is still the standard tool for assessment of LV and
RV in patients with cardiomyopathies.

Neither the optimal imaging modality nor
standardized measurements for RV assessment in
LVNC patients have been defined. This study aims
at assessing RV morphology in LVNC patients ver-
sus controls by introducing novel CMR parameters
such as trabeculated area, trabeculated volume, and
NC/C ratio in short axis (SAX) and at comparing
the suitability of CMR and TTE for diagnosing RV
involvement in LVNC patients.

Methods

Twenty patients with LVNC (fulfilling both
TTE [15] and CMR criteria [27]) and 20 healthy
controls (age and gender matched) underwent
TTE and CMR at the University Hospital Zurich
between 2011 and 2016. Measurements were per-

formed in a blinded manner. Patient records were
reviewed for baseline characteristics, New York
Heart Association (NYHA) functional class, body
height, body weight, blood pressure, heart rate,
and medication. The study was approved by the
local ethical committee.

All CMR exams were performed on a clinical
1.5 T scanner (Achieva, Philips Healthcare, Best,
The Netherlands) using a 5-channel cardiac coil ar-
ray. Steady-state free precession cine images (echo
time/repetition time 1.6/3.3 ms, flip angle 60°)
were acquired in three long-axis views (2-, 3-,
and 4-chamber view) and a stack of short-axis
slices covering the whole LV and RV. A single
reader performed all CMR analysis in a blinded
manner using GTVolume software (GyroTools
LLC, Zurich, Switzerland). Commonly measured
dimensional and functional parameters were as-
sessed according to current guidelines and recom-
mendations [29, 30]. As novel CMR parameters
RV ED trabeculated area in 4CH view, RV ED tra-
beculated volume, and RV ED NC/N ratio in short
axis (SAX) and long axis (LAX) were introduced
(Fig. 1A-E). RV ED trabeculated area was quanti-
fied by manually contouring the trabeculation in
4CH view, while RV ED trabeculated volume was
assessed by summation of the trabeculated area
in all RV short axes multiplied by the slice thick-
ness. RV ED NC/C values in long and short axis
are reported as the maximal ratio of the thickness
of NC to C layer measured at a single location
perpendicular to the compacted wall.

Echocardiographic studies were performed on
commercially available echocardiography units (GE
E95 and E9, GE Healthcare, Horten, Norway and
Philips iE33 and Epic, Philips Medical Systems,
Erlangen, Germany) equipped with multi-frequen-
cy transducers (1.5-4 MHz). All examinations were
performed by experienced sonographers and stored
on a digital workstation for subsequent off-line
analysis (Xcelera R4.1, Philips Medical Systems,
Erlangen, Germany). A modified apical 4CH view
focusing on the RV was used to measure RV area
and fractional area change (FAC) by tracing the en-
docardial surface of the RV compacted myocardial
layer both in systole and diastole [31]. Commonly
measured dimensional and functional parameters
were assessed according to current guidelines and
recommendations [32].

Statistical analysis

Statistical analysis was performed using
GraphPad Prism (Version 5.04, La Jolla, USA).
Normal distribution of data was confirmed using the
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Figure 1. Example of right ventricular end-diastolic non-compacted to compacted ratio as assessed in short axis view (A),
right ventricular end-diastolic trabeculated area assessed in four-chamber view (B), and right ventricular end-diastolic
trabeculated volume as assessed in short-axis views on a basal (C), midventricular (D) and apical level (E).

Shapiro-Wilk test. Normally distributed continuous
values are depicted as mean =+ standard deviation
(SD), non-normally distributed continuous data as
median and interquartile range (IQR). Categorical
data is displayed as number (percentage). To de-
termine the statistical significance between LVNC
and control group, the unpaired Student t-test was
used. The agreement between CMR and echocar-
diography measurements was assessed with the
Spearman rank correlation. A p-value < 0.05 was
considered statistically significant.

Results

Twenty patients (9 females, 45%) with con-
firmed LVNC and 20 healthy subjects (7 females,
35%) were included in the study. The median age
of patients with LVNC at the time of CMR was 46
(IQR 33-57) years, that of controls was 54 (IQR
43-57) years (p = 0.16). In 29 subjects, TTE and
CMR took place on the same day; in the remain-
ing 11 subjects, the median time between the two

examinations was 11 (4-40) days. CMR-based
LV ejection fraction (LVEF) was lower in LVNC
patients as compared to controls (52% vs. 62%,
p < 0.0001). However, median LVEF in LVNC
patients was only mildly impaired (median 53%,
IQR 48-57%); 8 (40%) patients had a normal
LVEF (= 55%). Heart rate was slightly higher and
systolic blood pressure lower in LVNC patients as
compared to controls. Table 1 summarizes baseline
characteristics.

Right ventricular end-diastolic area exhibited
good correlation between TTE and CMR (Fig. 2,
absolute values Table 2) in LVNC (r = 0.66, 8 = 0.85,
p = 0.0016) and in controls (r = 0.88, § = 0.80,
p < 0.0001). RV ED area was higher in CMR as com-
paredto TTE for LVNC (agreement of ACMR-TTE =
= 7.5 cm?, 95% limits of agreement 0.007-15.1) and
for controls (agreement of ACMR-TTE = 7.8 cm®,
95% limits of agreement 1.8-13.7). Similarly, RV
ED basal diameter was higher in CMR as compared
to TTE for both groups (LVNC: agreement of
ACMR-TTE = 7.9 mm, 95% limits of agreement
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Table 1. Patient characteristics.

Characteristic LVNC (n = 20) Controls (n = 20) P
Age [years] 46 (33-57) 54 (43-57) 0.16
Female sex 9 (45%) 7 (35%) 0.52
Body mass index [kg/m?] 24.3 +£ 4.0 26.2 + 4.6 0.09
Heart rate [bpm] 65.5 + 11.6 64.8 = 13.1 0.6
Systolic blood pressure [mmHg] 117 £ 13.4 131 £ 9.7 0.03
Diastolic blood pressure [mmHg] 71.0 =85 78.6 = 8.8 0.07
NYHA class:

Class | 17 (85%) 20 (100%)

Class Il 3 (15%) 0 (0%)
Left ventricular ejection fraction (CMR) [%] 51.6 + 8.6 62.0 = 4.3 < 0.0001
Medication:

Acetylsalicylic acid 1 (5%) 0 (0%)

Phenprocoumon 3 (15%) 0 (0%)

Beta-blocker 5 (25%) 0 (0%)

ACEI or ARB 8 (40%) 0 (0%)

Diuretics 6 (30%) 0 (0%)

Data are shown as mean = standard deviation or median (interquartile range) or number (percentage). ACEl — angiotensin-converting
enzyme inhibitor; ARB — angiotensin-receptor blocker; CMR — cardiac magnetic resonance imaging; LVNC — left ventricular non-compaction
cardiomyopathy; NYHA — New York Heart Association
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Figure 2. Right ventricular end-diastolic area as measured in transthoracic echocardiography (TTE) and cardiac mag-
netic resonance (CMR) exhibits good correlation between the two methods in both left ventricular non-compaction
cardiomyopathy (LVNC) patients and controls. Scatter plot correlation graph (left), Bland-Altman plot (right).
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Table 2. Structural and functional right ventricular parameters in transthoracic echocardiography (TTE)

and cardiac magnetic resonance imaging (CMR).

Parameter LVNC (n = 20) Controls (n = 20) P
RV ED area [cm?]
CMR 25.3 (23.2-33.3) 28.0 (25.0-31.2) 0.86
TTE 18.1 (15.3-25.2) 20.4 (17.9-22.5) 0.96
RV ED basal diameter [mm]:
CMR 36 (30-41) 41 (37-44) 0.18
TTE 28 (25-32) 30 (27-32) 0.4
FAC [%]:
CMR 46.3 = 11.8 42.8 + 6.2 0.25
TTE 43.0 = 9.6 41.8 £5.0 0.62

Data are shown as mean + standard deviation or median (interquartile range). ED — end-diastolic; FAC — fractional area change; LVNC — left

ventricular non-compaction cardiomyopathy; RV — right ventricle

Table 3. Quantitative assessment of right ventricle (RV) non-compaction in cardiac magnetic resonance

imaging (CMR).

Parameter LVNC (n = 20) Controls (n = 20) P

RV ED trabeculated area [cm?] 9.15 = 3.69 6.47 = 2.97 0.048
RV ED trabeculated volume [mL] 35.2 (25.6-61.3) 27.0 (19.5-35.2) 0.028
RV ED NC/C ratio in SAX 3.93 (3.39-5.18) 2.96 (2.48-3.69) 0.001
RV ED NC/C ratio in 4CH 3.3(2.94-4.13) 2.73 (2.00-3.10) 0.019

Data are shown as mean + standard deviation or median (interquartile range). ED — end-diastolic; LVNC — left ventricular non-compaction
cardiomyopathy; NC/C — non-compacted to compacted; SAX — short axis; 4CH — four-chamber view

—-2.5-18.4; controls: agreement of ACMR-TTE =
= 9.7 mm, 95% limits of agreement —0.9-20.1).

Fractional area change was assessed as a fun-
ctional parameter and exhibited good correlation
between the two imaging modalities in LVNC
(r =0.72, 8 = 0.92, p = 0.0004) and in controls
(r = 0.56, 8 = 0.65, p = 0.011). The bias between
the two methods was minimal in LVNC (agree-
ment of ACMR-TTE = 3.3%, 95% limits of agree-
ment —12.1-18.7) and in controls (agreement of
ACMR-TTE = 1.1%, 95% limits of agreement
-9.79-11.93).

In TTE, quantitative assessment of RV non-
compaction was not feasible. In particular, the
decline of lateral resolution with imaging depth
hampered a reliable quantification of RV trabecu-
lated area and RV NC/C ratio along the whole RV
free wall. In addition, reverberation artifacts as well
as near field artifacts accounted for an inadequate
quantification of RV trabeculation.

The data comparing RV parameters in LVNC
and controls are summarized in Tables 2 and 3.
RV size was assessed by RV ED area and RV ED

basal diameter, while RV systolic function was
determined by FAC. All these parameters were
comparable in LVNC and controls, and this find-
ing was observed with both imaging modalities
(Fig. 2). In contrast, RV ED trabeculated area in
4CH view and RV ED trabeculated volume were
significantly higher in LVNC as compared to con-
trols (Table 3, Fig. 3A, B). There was a major over-
lap of values obtained in patients and controls. Only
6 (30%) patients displayed values above the upper
limit of normal for both parameters (mean+2SD;
12.4 cm”® for area; 50.9 mL for volume). Similarly,
RV ED NC/C ratio in SAX and RV ED NC/C ratio
in 4CH were significantly higher in LVNC than
in controls (Table 3, Fig. 4A, B), but with a major
overlap between the two groups. Six (30%) patients
displayed values above the upper limit of normal
for NC/C in SAX (4.74), and only 4 (20%) patients
displayed values above the upper limit of normal
for NC/C in 4CH (4.22). RV ED NC/C ratio in SAX
as well as RV ED NC/C ratio in 4CH correlated
with LV ED NC/C ratio in long axis (SAX:r = 0.61,
B = 0.60, p = 0.0044, Fig. 4C; 4CH: r = 0.77,

458 www . cardiologyjournal.org



Simon E Stimpfli et al., Right ventricular involvement in LVNC

A 20,

€

LS. 15 1 ..

z [ PN

<

2 °

= 10 @ °

= %%, —eep®—

2 L X o0

= Y ..

D 5 ‘.. ...

z ° ®
LA

0 ® :

Control LVNC

B 100, *
°
y
% 80-
= )
= oa®
g 60- ¢
£ (X} (X X}
§ 401 3’ °
° _Q_'_
E _.'."T._. 1 = LIPS : o®
w204 o0
= L ... .
0 T .
Control LVNC

Figure 3. End-diastolic (ED) trabeculated area (A) and end-diastolic (ED) trabeculated volume (B) as assessed in car-
diac magnetic resonance (CMR) in left ventricular non-compaction cardiomyopathy (LVNC) patients as compared to
controls. Lines represent median values. Upper and lower limit of normal (gray): 6 (30%) patients are above the upper

limit for both parameters; RV — right ventricle; *p < 0.05.

B =0.70, p = 0.0001, Fig. 4D). No significant cor-
relation was observed for RVEF and RV ED NC/C
ratio, neither in 4CH nor in SAX (r = -0.104,
B =0.21,p = 0.66).

Discussion

This study assessed RV morphology, size,
and function in LVNC patients and controls using
two different imaging modalities (CMR and TTE).
RV size and function were comparable in LVNC
patients and controls by use of both modalities.
Parameters indicating right ventricular involve-
ment in LVNC such as RV ED trabeculated area
and volume measured by CMR were significantly
higher in the LVNC group although there was
amajor overlap between RV trabeculation of LVNC
patients and controls hampering diagnosis of RV
involvement in LVNC.

While several studies have compared CMR
and TTE in LVNC patients regarding the LV [25,
26], this is the first study to do so for RV param-
eters. Assessment of RV size exhibited good
correlation between the two imaging modalities.
Dimensional parameters such as RV ED area and
RV ED basal diameter exhibited higher values in
CMR as compared to TTE. This is in line with
the current guidelines reporting higher values for
these parameters in CMR [33, 34] as compared to
TTE [32]. RV systolic function assessed by FAC
exhibited good correlation between the two imag-
ing modalities. In contrast to the afore-mentioned
dimensional parameters, the values for FAC were
very similar with both methods presumably be-

cause dimensional parameters are considered in
a relative manner when a fraction such as FAC is
calculated.

To assess the extent of non-compaction in the
RV myocardium, different parameters were meas-
ured such as trabeculated area, trabeculated vol-
ume, and NC/C ratio in long and short axis. While
RV ED NC/C ratio in long axis has been measured
in a previous study [22], the other parameters have
not been investigated yet in LVNC patients. In
contrast to CMR, it was not feasible to assess the
extent of non-compaction in the RV myocardium
by TTE for different reasons. First, there is no
controllable echocardiographic equivalent to the
CMR short axis with whole heart coverage to
calculate RV trabeculated volume. In theory, this
is feasible in a 3D echocardiography data set;
however, current technology does not provide
sufficient spatial solution to reliably assess NC/C
ratio. Second, the decline of lateral resolution
with imaging depth, reverberations, and near field
artifacts in combination with suboptimal acoustic
windows in a subset of patients hampered the ac-
curate quantification of RV trabeculated area and
RV ED NC/C ratio.

Cardiac magnetic resonance imaging and TTE
displayed similar RV size and function in LVNC as
compared to controls. This seems to be in contrast
to a previous study describing impaired RV function
in LVNC [22]. In the cited study, however, LVNC
patients were at a later stage of the disease as in-
dicted by higher age, lower LVEF, and higher rate
of heart failure. In line with this, studies examining
RV function in LVNC patients revealed an associa-
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Figure 4. Right ventricular end-diastolic non-compacted to compacted (RV ED NC/C) ratio as assessed in cardiac
magnetic resonance (CMR) short axis (SAX) view (A) and in CMR four-chamber (4CH) view (B) in left ventricular non-
-compaction cardiomyopathy (LVNC) patients as compared to controls. Lines represent median values. Upper and
lower limit of normal (gray): 6 (30%) patients are above the upper limit of non-compacted to compacted (NC/C) ratio
in SAX, 4 (20%) patients above the upper limit of NC/C ratio in 4CH. RV ED NC/C ratio as assessed in CMR SAX (C) as
well as when assessed in CMR 4CH (D) exhibits significant correlation with conventional left ventricular end-diastolic
(LV ED) NC/C ratio as assessed in CMR 4CH; *p < 0.05; **p < 0.01.

tion of RV dysfunction with LV dysfunction as well
as with heart failure symptoms [20, 21].

To assess RV non-compaction in LVNC, the
afore-mentioned novel parameters were deter-
mined. RV ED trabeculated area and RV ED trabec-
ulated volume were higher in LVNC as compared to
controls. Similarly, RV ED NC/C ratio in both long
and short axis was increased in LVNC as compared
to controls. However, it is questionable whether
these differences represent an RV involvement
since there was a major overlap with 70% of LVNC
patients within the normal range. This is partially
in line with another cohort of LVNC patients, where
RV ED NC/C ratio in long axis was not increased
as compared to a control group [22].

460

RV ED NC/C ratio in SAX and 4CH correlated
significantly with the extent of LV non-compaction
as assessed by a standardized protocol [27]. Simi-
lar to these results, another study described that
apical trabecular thickness in the RV correlates
with LV end-systolic NC/C ratio [22]. To exclude
that the correlation was only due to the 1 patient
with much higher NC/C ratios, the analysis was
repeated without this patient. In the latter analysis,
the correlation was still significant when RV ED
NC/C ratio was measured in SAX while it was not
significant thereafter when measured in 4CH. The
reason for the more robust correlation with the
SAX method may be related to the observation that
RV NC/C SAX displays the maximal NC/C ratio of
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all RV segments (as CMR SAX covers the whole
RV). In contrast, RV NC/C in 4CH only covers
a small part of the RV free wall, which may not be
representative for the whole RV.

The present findings suggest that (1) the RV
may be affected in some patients with LVNC and
that (2) RV ED NC/C ratio measured in short axis
is a more reliable parameter for evaluating RV
involvement than RV ED NC/C ratio measured in
long axis. However, for all parameters of RV non-
-compaction determined in this study, there is
amajor overlap between LVNC and controls, which
seems to be related to the prominent trabeculation
of the RV in normal individuals, and which renders
the diagnosis of RV involvement in LVNC patients
very difficult. It is almost impossible to define
a diagnostic cutoff value for RV trabeculation with
only 30% of LVNC patients above the upper limit
of normal.

Interestingly, also for LV morphology, a recent
study on the current CMR criteria for the diagno-
sis of LVNC describes a high variability and their
prognostic value seems questionable [14]. This and
the present findings suggest that a more compre-
hensive approach including LV and RV morphology
as well as genetic and functional parameters may
increase diagnostic accuracy. Further studies will
be needed to examine this hypothesis.

Cardiac magnetic resonance imaging and TTE
provide similar quantitative data on RV size and
function in LVNC patients suggesting that these
parameters can be assessed by TTE in clinical rou-
tine, resulting in lower cost and avoiding problems
related to implantable cardioverter-defibrillator and
claustrophobia. In contrast, CMR is the method
of choice for morphological assessment of RV
trabeculations.

A limitation of this study is that LVNC is
a very rare disease, accounting for the small num-
ber of patients. In addition, referral bias may have
affected the results.

Conclusions

Some patients with LVNC may exhibit non-
-compaction of the RV myocardium with higher
values for RV trabeculated area, RV trabeculated
volume, and RV NC/C ratio as compared to control
individuals. Consistent with this, the NC/C ratio
exhibited a fair correlation between RV and LV.
Nevertheless, there is substantial overlap with
RV trabeculation in healthy individuals. Thus,
quantification of RV trabeculation does not allow
separation of LVNC form healthy individuals. Even

though measurement of RV trabeculation may not
serve as an independent diagnostic tool, it was
thought, herein, that it improves the evaluation
of LVNC patients. In the future it may serve as an
additional parameter in comprehensive diagnostic
and prognostic approaches possibly including LV
and RV morphology as well as genetic and func-
tional parameters.
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Abstract

Background: Although the resuscitation of an adult trauma patient has been researched and writ-
ten about for the past century, the ideal fluid strategy to infuse during the initial resuscitation period
remains unresolved. This work was aimed at assessing the effect of hypotensive versus conventional
resuscitation strategies in traumatic hemorrhagic shock patients on mortality, and the need for blood
transfusions including adverse events.

Methods: This systematic review and meta-analysis were performed following the PRISMA guidelines.
Electronic databases were searched for randomized controlled trials (RCT) comparing the effect of hypo-
tension versus conventional fluid resuscitation for traumatic hemorrhagic shock patients. Two reviewers
independently performed the screening, data extraction, and bias assessment. The data analysis was
completed using the Cochrane Collaboration’s software RevMan 5.4.

Results: Data from 28 RCTs on 4503 patients were included in the final meta-analysis. Patients re-
cewing hypotension fluid resuscitation compared with conventional fluid resuscitation experienced less
mortality (12.5% vs. 21.4%; RR = 0.58; 95% CI: 0.51-0.66; p < 0.001), fewer adverse events (10.8%
v8. 13.4%; RR = 0.70; 95% CI: 0.59-0.83; p < 0.001), including fever acute respiratory distress syn-
drome (7.8% vs. 16.8%) or multiple organ dysfunction syndrome (8.6% vs. 21.6%).

Conclusions: This meta-analysis showed that hypotensive fluid resuscitation significantly reduced the
mortality of hypovolemic shock patients. Findings are low in certainty and should be interpreted with
caution. Therefore, there is an urgent need for larger, multicenter, randomized trials to confirm these
findings. (Cardiol ] 2022; 29, 3: 463-471)

Key words: fluid resuscitation, restricted fluid resuscitation, hemorrhagic shock,
hemorrhage, meta-analysis, systematic review
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Introduction

Trauma injury remains the leading cause of
death among people aged less than 35 years, with
40% of trauma deaths imputable to uncontrolled
hemorrhagic shock or its consequences [1, 2].

Currently, fluid resuscitation is the first step
in the hemodynamic management of traumatic
hemorrhagic shock [3]. The rapid vascular access
and stabilization of the cardiovascular system can
protect the patient from the severe consequences
of hypovolemic shock. The origins of fluid resus-
citation can be traced back to the thirties of the
nineteenth century, when Thomas Latta performed
an attempt of intravenous fluid resuscitation for the
first time [4]. In the period 1879-1881 Kroneecker
and Landerer stated that in cases of blood loss the
most valuable thing is to rapidly restore the vas-
cular bed volume. For this purpose, they proposed
using a normal saline solution with the addition of
sugar [5, 6]. The development of fluid therapy was
in the 1920s, when Alfred Blalock experimented
with incremental hemorrhage to induce shock in
dogs [7, 8]. In his research, Blalock used blood
pressure (BP), cardiac output as well as blood
oxygen content from left and right ventricles to
evaluate the effect of three types of treatment:
saline, transfusion and pharmacological treatment.

Applying an appropriate fluid therapy strategy
may restore tissue perfusion and consequently
oxygenation of the body. Fluid resuscitation can
be carried out based on changes in hemodynam-
1cs, diuresis, serum lactate levels or alkaline defi-
cit. However, excessive fluid resuscitation could
contribute to the development of coagulopathy of
trauma [3, 9] as well as tissue edema [10], which
can lead to alterations of tissue perfusion and
complications such as abdominal compartment
syndrome or adult respiratory distress syndrome
[11, 12]. The optimal level of BP during resuscita-
tion of hemorrhagic shock patients is still debated.

The present work aimed to assess the effect
of hypotensive versus conventional resuscitation
strategies in traumatic hemorrhagic shock patients
on mortality, need for blood transfusion and adverse
events (specifically: acute myocardial or renal
failure or acute respiratory distress syndrome).

Methods

This systematic review and meta-analysis
adhere to the reporting guidelines of the Preferred
Reporting Items for Systematic reviews and Meta-
analyses (PRISMA) statement (Suppl. Table 1).

Search strategy

Available literature databases including EM-
BASE, MEDLINE, Google Scholar, Cochrane
Central Register of Controlled Trials (CENTRAL)
were searched from the inception of the databases
until 18 June 2020. Searches were conducted in-
dependently by two persons (K.S. and L.S.). The
papers were restricted to those with the English
language. Reference lists of eligible articles were
reviewed and content experts were consulted with
(K.J.E. and M.].].) to identify additional published
reports. Incomplete data were dealt with by con-
tacting the principal authors, when possible, to ask
for missing or unclear information.

The search strategy was comprised of MESH
terms and keywords such as: “shock”OR, “hemor-
rhagic” OR, “trauma” OR, “injury” OR, “hypoten-
sive resuscitation” OR, “limited resuscitation” OR,
“fluid resuscitation” OR, “limited fluid”. To identify
in-progress or terminated studies, clinicaltrials.gov
registry was also searched.

Study selection

This study included randomized controlled
trials (RCTs) and quasi-randomized trials. Obser-
vational studies, case reports, studies not based on
original research and studies not involving patients,
conference papers as well as letters to the editor
were excluded from the present study.

Data extraction

Using a standardized data extraction sheet,
two authors (K.S. and L.S.) independently ex-
tracted data from each report included. Any dis-
crepancies were resolved by consensus with the
third author (J.S.). When necessary for data or
article clarification, personal communication was
made with select study authors. Baseline patient
characteristics were extracted as well as data about
each trial’s intervention, inclusion and exclusion
criteria, mortality and adverse events. For all clini-
cal outcomes, the number of events that occurred
in each arm of each trial were tabulated.

Quality assessment

Two reviewers (J.S. and A.S.) independently
assessed the methodological quality of each eli-
gible article using the “risk of bias” assessment
tool of the Cochrane Handbook [13]. The follow-
ing domains were evaluated for RCTs: random
sequence generation (selection bias), allocation
concealment (selection bias), blinding of partici-
pants and personnel (performance bias), blinding of
outcome assessment (detection bias), incomplete
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outcome data (attrition bias), selective reporting
(reporting bias) and other bias [12]. Each was
graded “yes”, “no”, or “unclear”, which reflected
a high risk of bias, low risk of bias, and uncertain
bias, respectively (Suppl. Fig. S1). The review
authors’ judgments about each risk of bias item
are provided in Supplementary Figure S2. The
overall risk of bias for the study was rated ‘low’ if
7 or more domains were rated low, ‘moderate’ if
4 to 6 domains were rated low, and ‘high’ if 1 to
3 domains were rated low.

Statistical analysis

Statistical analysis was done by two authors
(A.S. and L.S.) independently and was cross-
validated. For continuous outcomes, mean differ-
ence (MD), and for dichotomous outcomes were
used, and risk ratios (RR), were calculated. All
continuous data with either means with standard
deviations (SD) or medians with interquartile
ranges (IQR) as reported in the primary study are
presented. When the continuous outcome was re-
ported in a study as median, range, and IQR, means
and SD using the formula described by Hozo et al.
[14] were estimated. For descriptive purposes,
absolute and relative frequencies are reported for
categoric variates.

Statistical heterogeneity and inconsistency
were measured by using the Cochran Q test and I,
respectively [14]. Odds ratios (OR) with 95% con-
fidence intervals (CI) were calculated as summary
statistics. The pooled OR was calculated with the
Mantel-Haenszel method. Weighted mean differ-
ences and 95% Cls were computed for continuous
variables, again using a fixed-effect method in cases
of low statistical inconsistency (I < 50%) and using
arandom-effect method in cases of moderate or high
statistical inconsistency (I > 50%) [15]. Results were
considered statistically significant at p < 0.05. Statis-
tical analyses were performed with the Review Man-
ager (version 5.4; The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark).

Results

Eligible studies and their characteristics
The flowchart of the literature search is pre-
sented in Figure 1. The initial search returned 432
records from all the databases. Two more studies
were identified from the references of the relevant
articles. Two hundred and ninety-six records were
further screened by titles and abstracts and 138 du-
plicate articles were removed. Unrelated articles,

comments, reviews, letters, and duplicate articles
were excluded. Then 47 articles were assessed by
accessing the full-text. Nineteen studies were ex-
cluded because of unavailable data, duplicates, and
unrelated topics. Finally, 28 studies were included
in the analysis [16-43].

Assessment of quality

The quality assessment is represented in Sup-
plementary Figures S1 and S2. The method of
random sequence generation was perfect in all the
studies. There were high risks of attrition bias,
lack of intention-to-treat analysis, and selective
reporting. The detailed information about blinding
and allocation concealment was insufficient in most
studies. None of the trials included was at low risk
of bias across all domains.

Mortality

Twenty-eight studies reported overall mortal-
ity [16-23]. Mortality with hypotension fluid resus-
citation was 12.5% and was statistically significant,
being smaller than with the conventional fluid
resuscitation group — 21.4% (RR = 0.58; 95% CI:
0.51-0.66; I* = 37%; p < 0.001; Fig. 2). In contrast,
only one study by Morrison et al. [28] indicated
mortality rates during the first 24 hours. According
to this study, mortality for hypotension versus con-
ventional fluid resuscitation varied and amounted
to 13.6% vs. 21.7% respectively (RR = 0.63;
95% CI: 0.25-1.58; p = 0.32).

Adverse events

The polled analysis showed that hypotension
fluid resuscitation compared to conventional fluid
resuscitation was associated with a lower risk of
adverse events (10.8% vs. 13.4%, respectively;
RR = 0.70; 95% CI: 0.59-0.83; I* = 52%; p < 0.001).

The use of hypotension versus conventional
fluid resuscitation showed a higher incidence of
anemia (74.3% vs. 68.6%), thrombocytopenia
(33.6% vs. 29.4%) and acute renal failure (8.8% vs.
8.1%). In other types of adverse events the rela-
tionship was reversed, and the use of hypotension
fluid resuscitation was associated with a lower risk
of complications (Table 1).

Fluid balance and transfusion requirements
Additional analysis showed that patients who
were treated with hypotension fluid resuscitation
required smaller volumes of fluids than the conven-
tional fluid resuscitation group (MD = -1.02; 95%
CI: -1.33 to -0.71; I’ = 99%; p < 0.001; Fig. 3).
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Figure 1. Flow diagram showing stages of database searching and study selection as per PRISMA guidelines.

Length of stay ICU/hospital

The length of stay in the intensive care unit
(ICU) was reported by two studies [16, 32]. The
polled analysis did not show significant differences
in the length of stay in ICU between the groups
(MD = 0.38; 95% CI: -1.83-2.59; I = 73%; p =
= 0.74; Suppl. Fig. S3). Three studies indicated
length of stay in hospital [16, 29, 32]. The differ-
ence between therapeutic groups was not statisti-
cally significant (MD = -0.82; 95% CI: -2.43-0.78;
I’ = 0%; p = 0.32; Suppl. Fig. S4).

Discussion

The purpose of this research was to compare
the effects of hypovolemic and conventional fluid
resuscitation on the mortality rate among patients
with traumatic hemorrhagic shock. Meta-analysis
for overall mortality showed that hypovolemic fluid
resuscitation offered benefit in comparison with
conventional fluid resuscitation for patients with

traumatic hemorrhagic shock at the final follow-up
(p < 0.001).

Obtaining intravascular access in hypovolemic
patients (especially trauma patients) should be done
as soon as possible. In patients with hemorrhage,
the most important part of the procedure is to stop
the hemorrhage. In such a patient’s hospital setting,
transfusion of blood substitutes should be limited in
favor of the transfusion of blood components. It is
recommended to transfuse the red blood cell con-
centrate in a volume that maintains the hemoglobin
concentration at 7-9 g/dL. Fresh frozen plasma
should be transfused immediately at a dose of 10—
-15 mL/kg b.w. and further replenishment of fresh
frozen plasma should depend on the volume of red
blood cells transfused and the coagulogram. In the
case of platelets, they should be transfused in suffi-
cient quantities to maintain a concentration of 50,000/
/mL. To mitigate the effects of hypovolemic shock
caused by the injury, transfusion of cryoprecipitate
or fibrinogen concentrate may also be considered.
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Figure 2. Forest plot of hypotension versus. conventional fluid resuscitation, relative to mortality. The center of each
square represents the relative risk for individual trials, and the corresponding horizontal line stands for a 95% confi-
dence interval (Cl). The diamonds represent pooled results.

Table 1. Comparison of hypotension and conventional fluid resuscitation relative to adverse events.

Number Hypotension Conventional RR or MD P I?
of trials fluid fluid (95% CI) value statistic,
resuscitation resuscitation %
ARDS 13 7.8% 16.8% 0.44 [0.34-0.58] < 0.001 0%
Acute myocardial infarction 1 1.3% 1.5% 0.88 [0.06-13.79] 0.93 -
Stroke 1 0% 3.0% 0.18 [0.01-3.61] 0.26 -
Sepsis syndrome 2 3.5% 3.9% 0.91 [0.42-1.98] 0.82 0%
MODS 10 8.6% 21.6% 0.42 [0.30-0.60] < 0.001 0%
Any renal failure 1 14.7% 12.1% 1.21 [0.52-2.83] 0.66 -
Acute renal failure 8 8.8% 8.1% 0.99 [0.53-1.86] 0.98 61%
Anemia 2 74.3% 68.6% 1.11 [0.96-1.28] 0.16 2%
Hypotension 1 13.3% 16.7% 0.80 [0.36-1.76] 0.58 -
Coagulopathy 3 15.7% 15.8% 0.95 [0.73-1.24] 0.73 0%
Thrombocytopenia 2 33.6% 29.4% 1.21 [0.64-2.28] 0.56 54%
Pneumonia 1 7.6% 9.1% 0.84 [0.49-1.43] 0.52 -
Deterioration in T-RTS 1 7.4% 7.9% 0.93 [0.50-1.71] 0.81 -
Complications not specified 1 7.5% 8.6% 0.88 [0.61-1.27] 0.49 -

ARDS — acute respiratory distress syndrome; MORS — multiple organ dysfunction syndrome; MD — mean difference; RR — risk ratio
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Figure 3. Forest plot of hypotension versus conventional fluid resuscitation, relative to fluid balance and transfusion
requirements. The center of each square represents the mean difference for individual trials, and the corresponding
horizontal line stands for 95% confidence interval (Cl). The diamonds represent pooled results.

Fluid therapy aims not only to maintain and
restore the intravascular volume but also, by
optimizing the preload, to increase cardiac output
and improve tissue perfusion. Discussions are still
ongoing as to whether crystalloids (i.e. 0.9% saline
or Ringer’s Lactate) or colloidal solutions (i.e.
dextran’s, gelatins, HAES) should be used in the
initial phase of fluid resuscitation. De Crescenzo
et al. [44] indicates no beneficial effect of hyper-

tonic saline with or without dextran in general
trauma patients. In turn, Martin et al. [45] in his
meta-analysis indicated that crystalloids were less
efficient than colloids at stabilizing resuscitation
endpoints. The application of an appropriate fluid
resuscitation strategy is, therefore, more impor-
tant than the type of fluid administered. Malbrain
et al. [46] showed that a positive cumulative
fluid balance is associated with intra-abdominal
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hypertension and worse outcomes. Hypotensive
fluid resuscitation as shown by numerous stud-
ies may offer a survival benefit over conventional
fluid resuscitation for trauma patients. It can also
further reduce blood loss and thus blood product
utilization. It can, therefore, be concluded that fluid
resuscitation in trauma patients should be based on
a specific compromise between too small a volume
leading to hypoperfusion and too much hydration
in patients, which may result in increased bleeding
due to increased BP. The use of too large a volume
of fluid can lead to “dilutive” hemorrhagic bleeding.

As indicated by numerous randomized studies
— as also confirmed by this meta-analysis — hy-
povolemic fluid resuscitation can bring benefits in
the management of the trauma patient [28, 29, 47].
However, it should be remembered that the hypo-
tension should not last longer than 1 hour [22, 28].
It should be kept in mind that the rules of fluid
resuscitation in trauma patients with concomitant
craniocerebral trauma are different. Thereafter, as
recommended by the National Institute for Health
and Clinical Excellence (NICE), it is important
to increase BP (systolic BP 110-120 mmHg) as
quickly as possible to secure proper brain perfusion
and prevent secondary brain changes.

In this meta-analysis, hypovolemic fluid re-
suscitation was associated with a higher incidence
of thrombocytopenia, renal failure or anemia in
comparison with conventional management. The
above symptoms are closely related. Thrombo-
cytopenia is the most frequently diagnosed hem-
orrhagic flaw and may lead to anemia. As many
authors indicate, acute kidney injury is a com-
mon feature in patients with thrombocytopenia-
associated multiple organ failure with incidences
as high as 42% in disseminated intravascular co-
agulation, 58% in thrombocytopenic purpura and
100% in hemolytic uremic syndromes [48-50]. On
the other hand, in the case of conventional fluid
resuscitation, a statistically significantly higher
incidence of acute respiratory distress syndrome
(ARDS) or multiple organ dysfunction syndrome
(MODS) was observed. Jiang et al. [51] indicate
that hypovolemic/restricted fluid resuscitation
can effectively eliminate inflammatory factors,
improve immune function, maintain the stability
of blood components, and reduce the incidences of
ARDS and MODS. In the case of hypotension fluid
resuscitation, there was also a higher incidence of
acute myocardial infarction, which may be caused
by lower myocardial overload.

Limitations of the study

The present study has some limitations. First,
only in several articles study groups are appropri-
ate, in other articles the sample size is relatively
small, which led to a wide 95% CI. Second, two
studies referred to mean arterial pressure, the
others to systolic blood pressure.

Conclusions

The present study findings show significant
associations between hypotensive fluid resuscita-
tion and a decreased risk of adverse events and car-
diovascular mortality in hypovolemic shock trauma
patients. There is an urgent need for a large multi-
center randomized trial to confirm these findings.
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Abstract

Background: Restoring and maintaining sinus rhythm (SR) in patients with atrial fibrillation (AF)
failed to show superior outcomes over rate control strategies in prior randomized trials. However, there
is sparse data on their outcomes in patients with acute heart failure (AHF).

Methods: From December 2010 to February 2014, 5,625 patients with AHF from 10 tertiary hospi-
tals were enrolled in the Korean Acute Heart Failure registry, including 1,961 patients whose initial
electrocardiogram showed AFE Clinical outcomes of patients who restored SR by pharmacological or
electrical cardioversion (SR conversion group, n = 212) were compared to those of patients who showed
a persistent AF rhythm (AF persistent group, n = 1,662).

Results: All-cause mortality both in-hospital and during the follow-up (median 2.5 years) were sig-
nificantly lower in the SR conversion group than in the AF persistent group after adjustment for risk
factors (adjusted hazard ratio [HR]; 95% confidence interval [CI] = 0.26 [0.08-0.88], p = 0.031
and 0.59 [0.43-0.82], p = 0.002, for mortality in-hospital and during follow-up, respectively). After
1:3 propensity score matching (SR conversion group = 167, AF persistent group = 501), successful
restoration of SR was associated with lower all-cause mortality (HR [95% CI] = 0.68 [0.49-0.93],
p = 0.015), heart failure rehospitalization (HR [95% CI] = 0.66 [0.45-0.97], p = 0.032), and compos-
ite of death and heart failure rehospitalization (HR [95% CI] = 0.66 [0.51-0.86], p = 0.002).
Conclusions: Patients with AHF and AF had significantly lower mortality in-hospital and during
Jollow-up if vhythm treatment for AF was successful, underscoring the importance of restoring SR in
patients with AHE (Cardiol ] 2022; 29, 3: 472-480)
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5,625 patients hospitalized
for AHF syndrome in KorAHF registry

1,961 patients with AF

at the time of admission

87 patients spontaneously

converted to sinus rhythm

[

212 restored sinus rhythm;
38 DCC, 174 AAD

1,662 AF persisted

l

1:3 propensity score match

167 restored sinus rhythm;
29 DCC, 138 AAD

501 AF persisted

Figure 1. Flowchart of the study population; AAD — anti-arrhythmic drug; AF — atrial fibrillation; AHF — acute heart
failure; DCC — direct current cardioversion; KorAHF — The Korean Acute Heart Failure registry.

Introduction

Atrial fibrillation (AF) and heart failure (HF) are
very prevalent cardiovascular diseases resulting in
enormous healthcare expenditures and patient suffer-
ing. They share risk factors, often coexist, and affect
each other’s outcomes [1-3]. Therefore, the impor-
tance for the proper management of AF in patients
with HF is growing. Rhythm control strategies for
AF management — restoring and maintaining sinus
rhythm (SR) — failed to show superior outcomes in
terms of mortality in prior randomized trials. In the
AFFIRM trial, around 4,000 patients with AF and
risk factors for stroke or death were randomized and
treated either with rhythm control or rate control
strategies, and it was suggested that rate control
strategies might be potentially advantageous because
of their lower risk of adverse drug effects. However,
it was also suggested that rhythm control strategies
might be beneficial in higher risk patients with AF [4].
In the AF-CHF trial, patients with both AF and
chronic HF were enrolled, and it also failed to show
a superior impact of rhythm control strategies over
rate control strategies [5]. However, there are lim-
ited data on the impact of conversion to SR from AF
in patients with acute heart failure (AHF). The aim
of this study was to investigate the outcomes after
rhythm treatment in patients with AHF and AE

Methods

Study population and Korean Acute Heart
Failure registry

The Korean Acute Heart Failure (KorAHF)
registry is a prospective multicenter cohort study

that is currently ongoing. Patients are consecutively
enrolled upon initial hospital admission for AHF
syndrome and are followed up accordingly. The
registry is accumulating data on individual patients,
not individual hospitalizations. Information on the
objectives of the study design and study population
is provided in the clinical trial registration (Clini-
calTrial.gov NCT01389843), and the design and
the purpose of the KorAHF registry have been
published elsewhere [6, 7]. Among a total of 5,625
patients with AHF enrolled in this registry, the initial
electrocardiograms of 1,933 patients showed AF.
Excluding 87 patients who spontaneously converted
to SR without any rhythm treatment, herein, 212
patients were compared who had restoration of SR
and its maintenance until discharge (SR conversion
group) with 1,662 patients who showed a persistent
AF rhythm (AF persistent group). The study popula-
tion flow diagram is presented in Figure 1. The study
protocol was approved by the ethics committee or
institutional review board at each hospital IRB No.
B-1104-125-014). The need for written informed
consent was waived by the institutional review
board. The study complied with the Declaration of
Helsinki.

Rhythm treatment for atrial fibrillation

Restoration of SR as well as the modality
of rhythm treatment in patients with AHF and
AF were left to the individual physician’s choice.
Both electrical (n = 38) and pharmacological car-
dioversion (n = 174) were included as adequate
rhythm treatment. When AF spontaneously con-
verted to SR, the patient was excluded from the
analysis.
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Clinical follow-up and endpoints

The attending physician completed a web-
based case report form in the Clinical Data Man-
agement System (iCReaT) from the Korea National
Institute of Health (NIH) with the assistance of
a clinical research coordinator. The latest informa-
tion on patient clinical manifestation, biochemistry,
and medication was collected at the first follow-up
visit at 30 days and again at follow-up visits at 3, 6,
12, 24, 36, 48, and 60 months. The follow-up data
were collected from the patients by the attending
physician and stored in the web-based case report
form. The outcome data on subjects who were
not followed-up were ascertained by telephone
interview. In addition, the outcome data on patients
lost to follow-up were collected from the National
Death Records. The primary endpoint of this study
was the all-cause mortality rate. The in-hospital
outcomes, especially in-hospital mortality were
also evaluated. All deaths were considered cardiac
unless a definite non-cardiac cause could be estab-
lished. All outcome data reported from the partici-
pating centers were reviewed by an independent
clinical event adjudicating committee.

Statistical analysis

The Student t-test and y* or the Fisher exact
test were used to compare means and propor-
tions of baseline clinical characteristics between
the two groups. To address potential sources of
bias and confounding factors in this retrospec-
tive study, propensity analysis was performed.
Baseline clinical characteristics were incorporated
into a non-parsimonious logistic regression model
to compute the propensity score for AF rhythm
treatment. The included covariates were age, sex,
diabetes, hypertension, ischemic heart disease,
cerebrovascular disease, chronic kidney disease,
malignancy, serum hemoglobin and creatinine lev-
els, high B-type natriuretic peptide (BNP, > 500 pg/
/mL) or N-terminal pro-BNP (NT-proBNP, > 1000
pg/mL), left ventricular ejection fraction (LVEF),
type of HF (de novo vs. acute decompensated),
tachycardia as an etiology of AHFE, new-onset AF,
admission to the intensive care unit ICU), and me-
chanical ventilation support (C-statistics = 0.739).
1:3 propensity score-matching iteration were then
performed from the fifth digit to the first digit and
167 patients with restoration of SR were matched
to 501 patients with persistent AF. Baseline char-
acteristics of the two groups were compared again
in this matched population. The Cox proportional
hazard model was used to estimate the hazard
ratio (HR) and 95% confidence interval (95% CI)

for the clinical outcomes of the two groups. All
of the statistical analyses were performed using
R version 3.6.0, and p < 0.05 was considered sta-
tistically significant.

Results

Baseline characteristics

Baseline clinical characteristics of the overall
study population and propensity score-matched
population are shown in Table 1. An SR was more
frequently restored in relatively younger patients
with lower CHA,DS,-VASc scores. Hypertension
and chronic kidney disease tended to be more prev-
alent in the AF persistent group. The proportion
of new-onset AF, de novo HE and elevated BNP
(or NT-proBNP) was higher in the SR conversion
group. The SR conversion group included more
patients who were admitted to ICU or had mechani-
cal ventilator support. The LVEF was significantly
lower and the left atrium dimension was smaller in
the SR conversion group. These parameters were
all comparable between the groups after propensity
score matching.

In-hospital outcomes

The median duration of hospitalization was
8 days (interquartile range [IQR], 5-13), and over-
all in-hospital mortality was 4.2% in patients with
AHF presenting with AF. The median duration of
hospitalization was 11 days (IQR, 7-19) in the SR
conversion group and 7 days (IQR, 5-13) when AF
persisted. Comparisons of in-hospital outcomes
between the SR conversion and AF persistent
groups are presented in Table 2. In-hospital all-
cause mortality was 4.2% in both groups (unad-
justed odds ratio [OR], 95% confidence interval
[95% CI] = 1.01 [0.44-2.07], p = 0.982), but after
adjustment for age, sex, comorbidities, type of HE,
new-onset AF, laboratory tests, echocardiographic
parameters, ICU admission, and mechanical venti-
lation, all-cause mortality was significantly lower in
the SR conversion group than in the AF persistent
group (adjusted OR [95% CI] = 0.26 [0.08-0.88],
p = 0.031). Cardiovascular mortality and cerebral
vascular events were not different between the
two groups, regardless of the adjustments. After
propensity score matching, the overall mortal-
ity was 2.4% in SR restored patients and 5.9%
in AF persisted patients (OR [95% CI] = 0.39
[0.10-1.00], p = 0.050). Cardiovascular mortality
and the incidence of cerebral vascular accident
were not significantly different between the SR
conversion and AF persistent groups.
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Table 1. Baseline characteristics.

Overall AF patients

Matched population

SR restored AF P SR restored AF P
(n=212) (n = 1,662) (n = 167) (n = 501)

Age [years] 67 £ 14 71 £ 12 < 0.001 68 = 13 68 + 14 0.840
Male 104 (49.1) 866 (52.1) 0.403 83 (49.7) 274 (54.7) 0.303
Hypertension 114 (53.8) 999 (60.1) 0.077 91 (57.7) 226 (54.5) 0.528
Diabetes mellitus 57 (26.9) 483 (29.1) 0.510 46 (27.5) 147 (29.3) 0.730
CAD 37 (17.5) 346 (20.8) 0.262 32(19.2) 116 (23.2) 0.333
Valvular heart disease 41 (19.3) 393 (23.6) 0.162 32 (19.2) 77 (15.4) 0.304
Cerebrovascular disease 32 (15.1) 325 (19.6) 0.119 22 (13.2) 62 (12.4) 0.893
CKD 17 (8.0) 197 (11.9) 0.098 14 (8.4) 43 (8.6) 1.00
De novo heart failure 115 (54.2) 705 (42.4) 0.001 90 (53.9) 271 (54.1) 1.00
Lung congestion 164 (77.4) 1303 (78.4) 0.729 112 (76.6) 410 (81.8) 0.176
Previous HF admission 65 (30.7) 652 (39.3) 0.019 52 (31.1) 147 (29.3) 0.732
New onset AF 108 (51.9) 499 (30.4) < 0.001 85 (50.9) 261 (52.1) 0.858
Tachycardia induced HF 105 (49.5) 729 (43.9) 0.118 88 (52.7) 251 (50.1) 0.623
CHA;,DS,-VASc score 4.4 1.7 4.8 = 1.7 0.001 4.4 1.7 44 +15 0.766
Malignancy 21 (9.9) 132 (7.9) 0.326 16 (9.6) 39 (7.8) 0.569
ICU admission 134 (63.2) 642 (38.6) < 0.001 99 (59.3) 297 (59.3) 1.00
Mechanical ventilation 54 (25.5) 172 (10.3) < 0.001 33 (19.8) 98 (19.6) 1.00
Hemoglobin [g/dL] 127 £2.2 127 £2.2 0.903 128 £2.2 128 = 2.1 0.693
Creatinine [mg/dL] 1.3+1.4 1.3+ 1.0 0.939 1.2+ 0.9 1.3+0.8 0.604
High BNP or NT-proBNP 162 (88.0) 1220 (81.4) 0.034 128 (88.9) 424 (91.0) 0.557
LVEF [%] 37 =16 41 = 16 < 0.001 37 =17 36 = 16 0.550
LA dimension [mm] 49 + 10 54 + 10 < 0.001 50 = 10 50 = 8 0.882
Discharge medication:

ACEIl or ARB 123 (58.0) 1062 (63.9) 0.110 102 (61.1) 323 (64.5) 0.486

Beta-blocker 99 (46.7) 802 (48.3) 0.723 78 (46.7) 270 (53.9) 0.128

Data are expressed as number (%) or mean = standard deviation. ACEl — angiotensin-converting enzyme inhibitor; AF — atrial fibrillation;
ARB — angiotensin receptor blocker; BNP — B-type natriuretic peptide; CAD — coronary artery disease; CKD — chronic kidney disease;
HF — heart failure; ICU — intensive care unit; LA — left atrium; LVEF — left ventricular ejection fraction; NT-proBNP — N-terminal-pro B-type

natriuretic peptide; SR — sinus rhythm

Mortality and HF rehospitalization during
follow-up

The overall mortality rates at 1, 2, and 3-year
follow-up were 18.9%, 23.6%, and 27.2% when
SR was successfully restored, and 22.9%, 31.3%,
and 38.2% when AF persisted, respectively. The
median follow-up duration was 2.5 years. Uni-
variate survival analysis indicated that old age
and various co-morbidities significantly increased
the risk of death after AHE. Type of AHF (de novo
vs. acute decompensated HF), timing of AF onset
(newly diagnosed vs. previously diagnosed), labo-
ratory tests, and discharge medications were also
significantly correlated with mortality (Table 3).
The SR conversion group showed significantly
lower mortality than the AF persistent group in

both the unadjusted (unadjusted HR [95% CI] =
= 0.70[0.54-0.91], p = 0.007) and adjusted analy-
sis (adjusted HR [95% CI] = 0.59 [0.43-0.82],
p = 0.002). HF rehospitalization rate tended to be
lower in the SR conversion group (unadjusted HR
[95% CI] = 0.60 [0.47-0.77], p = 0.001; adjusted
HR [95% CI] = 0.72 [0.49-1.05], p = 0.084). The
composite of death and HF rehospitalization rate
was lower in the SR conversion group than in
the AF persistent group (unadjusted HR [95%
CI] = 0.60 [0.47-0.77], p = 0.001; adjusted HR
[95% CI] = 0.65 [0.49-0.85], p = 0.002). Kaplan-
-Meier curves for cumulative incidences of out-
come events are presented in Figure 2.

After propensity score matching, all-cause
mortality was still significantly lower in the SR
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Table 2. In-hospital outcomes.

Matched population

Overall population

P

AF
(n = 501)

37 (7.4%)

SR
(n = 167)
5 (3.0%)
5 (3.0%)
2 (1.2%)

P

P

AF
(n = 1,662)

SR
(n = 212)
9 (4.2%)
8 (3.8%)
2 (0.9%)

Unadjusted OR

Adjusted OR

Unadjusted OR

(95% CI)
0.39 (0.15-1.00)
0.54 (0.21-1.43)
0.86 (0.18-4.16)

(95% CI)
0.26 (0.08-0.88)

0.40 (0.11-1.40)

(95% ClI)
1.01 (0.44-2.07)
1.26 (0.51-2.74)
0.58 (0.07-2.32)

0.050

0.031

0.982

70 (4.2%)

All-cause mortality

0.216

27 (5.4%)

0.151
0.465

0.545
0.449

50 (3.0%)

Cardiovascular death

0.847

7 (1.4%)

0.56 (0.12-2.65)

27 (1.6%)

Cerebral vascular accident

confidence interval

Odds ratios (OR) for in-hospital clinical outcomes of the sinus rhythm (SR) conversion group compared to the atrial fibrillation (AF) persistent group; Cl

Table 3. Predictors for all-cause mortality at
follow-up in an overall population.

Unadjusted HR P
(95% CI)

Conversion to SR 0.70 (0.54-0.91) 0.007
Age (per 1 year) 1.05 (1.04-1.05) < 0.001
Male 1.05 (0.91-1.22) 0.481
Hypertension 1.36 (1.17-1.59) < 0.001
Diabetes 1.62 (1.31-1.77) < 0.001
Ischemic heart 1.51 (1.28-1.79) < 0.001
disease
Valvular heart 1.34 (1.14-1.58) < 0.001
disease
Cerebrovascular 1.48 (1.25-1.76) < 0.001
disease
CKD 2.36 (1.96-2.85) < 0.001
ADHF (vs. de novo) 1.77 (1.51-2.06) < 0.001
Lung congestion 1.27 (1.06-1.54) 0.011
Previous HF 1.80 (1.55-2.10) < 0.001
admission
New onset AF 0.80 (0.68-0.94) 0.007
Tachycardia- 0.61 (0.52-0.71) < 0.001
-induced HF
Malignancy 1.36 (1.07-1.73) 0.013
ICU admission 1.27 (1.10-1.48) 0.001
Mechanical 1.75 (1.43-2.14) < 0.001
ventilation
Hemoglobin 0.81 (0.79-0.84) < 0.001
(per 1 g/dL)
Creatinine 1.17 (1.13-1.21) < 0.001
(per 1 mg/dL)
High BNP 1.36 (1.09-1.68) 0.006
or NT-proBNP
LVEF > 40% 1.03 (0.88-1.20) 0.745
LA (per 1 mm) 1.01 (1.00-1.01) 0.134
ACEIl or ARB 0.57 (0.49-0.65) < 0.001
at discharge
Beta-blocker 0.59 (0.51-0.68) < 0.001

at discharge

ADHF — acute decompensated heart failure; Cl — confidence inter-
val; HR — hazard ratio; other abbreviations as for Table 1

conversion group (HR [95% CI] = 0.68 [0.49-0.93],
p = 0.015). HF rehospitalization and the composite
of mortality and HF rehospitalization were also
lower in the SR group than in the AF persistent
group (HF rehospitalization: HR [95% CI] = 0.66
[0.45-0.97], p = 0.032, composite of mortality/HF
rehospitalization: HR [95% CI] = 0.66 [0.51-0.86],

p = 0.002) (Fig. 3).

In subgroup analysis, successful SR conver-
sion was significantly associated with lower mortal-
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A 103 — SR conversion B 107 — SR conversion E 101 — SR conversion
— AF persistent = — AF persistent % — AF persistent
o N
Adjusted HR (95% Cl): = Adjusted HR (95% Cl): = Adjusted HR (95% Cl):
= 0.59 (0.43-0.82) o 0.72 (0.49-1.05) = 0.65 (0.49-0.85)
'S 054 P=0002 £ 05] P=0084 3 (5] P=0002
S g 2
& :
= £
a
0.0 T T ) 0.0 T T ) 0.0 T T )
0 1 2 3 0 1 2 3 0 1 2 3
Follow-up years Follow-up years Follow-up years
No. at risk No. at risk No. at risk
SR 212 172 157 125 SR 200 127 109 90 SR 212 131 112 93
AF 1662 1281 1090 724 AF 1562 914 704 461 AF 1662 966 748 476

Figure 2. Clinical outcomes in overall study population; A. Mortality; B. Heart failure (HF) rehospitalization; C. Com-
posite of mortality and HF rehospitalization; AF — atrial fibrillation; Cl — confidence interval; HR — hazard ratio;

SR — sinus rhythm.

AR — SR conversion 0k — SR conversion 2 LUl — SR conversion
—— AF persistent - — AF persistent = —— AF persistent
o N
Adjusted HR (95% Cl): = Adjusted HR (95% Cl): = Adjusted HR (95% Cl):
= 0.68 (0.49-0.93) = 0.66 (0.45-0.97) = 0.66 (0.51-0.86)
'S 05/ P=0015 %05_P=0.032 8 .54 P=0002
S 2 s
s $
= £
D
(=]
0.0 T T ) 0.0 T T ) 0.0 - - .
0 1 2 & 0 1 2 3 0 1 2 3
Follow-up years Follow-up years Follow-up years
No. at risk No. at risk No. at risk
SR 167 138 127 102 SR 159 102 89 74 SR 167 102 89 74
AF 501 370 336 211 AF 457 269 221 133  AF 501 268 221 133

Figure 3. Clinical outcomes in a propensity-score matched population; A Mortality; B. Heart failure (HF) rehospitaliza-
tion; C. Composite of mortality and HF rehospitalization; abbreviations as for Figure 2.

ity rate in patients with hypertension, in contrast to
patients without hypertension, where there was no
difference in mortality between the SR conversion
and AF persistent group (interaction p = 0.021).
Other than hypertension, the beneficial effect of
successful SR conversion for patients with AHF
and AF did not, in terms of mortality, significantly
differ according to age, sex, diabetes mellitus, onset
of AF, and the type or aetiology of HF (Table 4).

Cerebrovascular events during follow-up
Cerebrovascular accident rates at the 3-year
follow-up were 3.1% when SR was restored and
2.3% when AF persisted (HR [95% CI] = 1.28
[0.50-3.28], p = 0.614) in the crude study popula-

tion. After propensity score matching, cerebrovas-
cular event rates were 3.3% and 3.1% (HR [95%
CI] = 1.28 [0.44-3.67], p = 0.652), respectively.

Discussion

The benefit of rhythm control over rate control
strategies in patients with AF has been contro-
versial thus far in terms of mortality [4, 5, 8, 9].
Therefore, the current guidelines recommend
restoration and maintenance of SR mainly in pa-
tients with symptomatic AF [10]. However, very
high-risk patients with AE such as the patients
with AHF in the present study, have not been ad-
equately evaluated. The data showed a significantly
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Table 4. Subgroup analysis for mortality in a matched population.

No. of patients Adjusted HR (95% ClI) P Interaction P
Age:
> 65 years 429 0.43 (0.28-0.64) < 0.001 0. 283
< 65 years 239 0.78 (0.35-1.73) 0.549
Gender:
Male 357 0.38 (0.23-0.65) < 0.001 0. 139
Female 311 0.63 (0.39-1.04) 0.068
Diabetes mellitus:
Yes 193 0.64 (0.33-1.24) 0.184 0.511
No 475 0.48 (0.31-0.74) 0.001
Hypertension:
Yes 380 0.34 (0.21-0.54) <0.001 0.021
No 288 0.89 (0.51-1.57) 0.703
New-onset AF:
Yes 346 0.34 (0.19-0.60) < 0.001 0.216
No 322 0.56 (0.34-0.91) 0.019
Type of HF:
De novo 361 0.35 (0.19-0.65) < 0.001 0.101
ADHF 307 0.62 (0.39-0.99) 0.043
Etiology of HF:
Ischemic 148 0.40 (0.18-0.86) 0.019 0.229
Non-ischemic 520 0.55 (0.36-0.83) 0.005

Abbreviations as for Tables 1 and 3.

lower in-hospital mortality rate when initial AF was
successfully converted to SR either by drugs or
electrical cardioversion in patients with AHF after
adjustments for various covariates. And interest-
ingly, this beneficial effect on mortality persisted
during the long-term follow-up. The HF readmis-
sion rate was also lower in the SR conversion group
in the matched population. There was no significant
difference in terms of cerebrovascular events, both
in-hospital and during follow-up.

Atrial fibrillation and HF are two very preva-
lent cardiovascular diseases, often considered to
be epidemic [1, 11]. These two cardiovascular
diseases share many risk factors, such as ageing,
hypertension, diabetes mellitus, and underlying
ischemic/valvular heart disease. Moreover, AF and
HF can aggravate each other. There are several
suggested mechanisms by which AF facilitates
the development of HE. First, AF decreases car-
diac output not only because of the consequences
of poor ventricular rate control but also those
of irregular ventricular filling and loss of atrial
contraction. Decreased cardiac output augments
neuro-hormonal activation observed in HFE. Func-

tional mitral annular enlargement is another pos-
sible explanation for HF development in patients
with AF. On the other hand, HF can also cause AF
development through atrial enlargement, vasocon-
strictive neuro-hormonal milieu, and atrial fibrosis
[1, 12]. These interconnections between AF and
HF lead to a high prevalence of AF in patients with
HF [13], which was 27% in this KorAHF registry.

Beyond its high prevalence, there is evidence
that AF involves increased adverse events in
patients with congestive HF. In participants of
the Framingham Heart Study, AF and HF showed
a temporal association, and concomitant AF and HF
resulted in a lower survival rate [14]. Retrospective
post-hoc analysis of the SOLVD (Studies of Left
Ventricular Dysfunction) Prevention and Treat-
ment trials demonstrated that the presence of AF
increased the risk of all-cause mortality in patients
with left ventricular systolic dysfunction [15]. A re-
cent meta-analysis of randomized trials concluded
that AF increased adverse events in patients with
chronic HF after adjusting for other clinical risk fac-
tors (adjusted OR 1.40) [16]. Regarding the timing
of AF and HF diagnosis, a community-based study
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suggested that the negative effect of AF on patients
with HF was greater with incident AF than with
prevalent AF [17]. The Framingham cohort [14]
and MADIT II (Multicenter Automatic Defibrillator
Trial IT) trial demonstrated supporting results [18].

On the other hand, the impact of concomitant
AF in patients presenting with AHF syndrome
appears less clear. In contrast to the results from
patients with chronic HE, data from the ATTEND
registry showed no difference in 30-day all-cause
mortality between patients with (3.04%) or with-
out AF (3.88%) [13]. Additionally, in the KorAHF
registry, the in-hospital all-cause mortality of the
AF population (4.2%) was not different from that
of the overall population (5.3%). These results
might suggest that AF is not a worse etiology or
more aggravating factor for AHF syndrome than
other etiologic factors, although AF is a significant
risk factor for adverse outcomes in patients with
chronic HE

Despite the increase in adverse events by the
presence of AF in patients with congestive HEF,
large randomized trials such as the AF-CHF (Atrial
Fibrillation and Congestive Heart Failure) study
[5] and DIAMOND-CHF trial (Danish Investiga-
tions of Arrhythmia and Mortality on Dofetilide
in Congestive Heart Failure) [19] demonstrated
no benefit of a rhythm control strategy in those
patients. However, this result was often accounted
for by the adverse effects of anti-arrhythmic drugs,
especially in AF patients with left ventricular dys-
function, and the benefit of maintaining SR itself
was not completely denied. Maintaining SR using
catheter ablation has been reported to improve
functional capacity and LVEF compared with the
rate control strategy [20-22], and more recent
trials demonstrated a survival benefit of catheter
ablation in patients with AF and chronic HE, em-
phasising the importance of maintaining SR itself
[23-25]. Data herein, also suggest the importance
of attempts to maintain SR in AF patients with an
acute setting of HE.

In the setting of AHF with AF, benefits of the
restoration of SR have not been adequately evalu-
ated, perhaps because of difficulties in conducting
large randomized clinical trials in this population.
In the KorAHF registry, all-cause mortality was
significantly lower when initial AF was converted
to SR either by drug (amiodarone) or electrical
cardioversion in patients with AHFE Despite emerg-
ing evidence for the benefit of catheter ablation in
patients with AF and congestive HE performing
catheter ablation is not widely accepted in the
setting of AHF syndrome. Therefore, the present

study data may reflect the clinical outcomes of
rhythm control strategies in a daily practice setting.
In this study, there was no difference in in-hospital
mortality irrespective of whether AF persisted or
successful conversion to SR was acquired in the
overall population. However, after adjustments for
various clinical predictors for mortality, in-hospital
mortality was significantly better in the SR conver-
sion group. Interestingly, the beneficial effect of
conversion to SR in patients with AHF and AF was
still significant after discharge from the index HF
admission, suggesting the importance of adequate
treatment of the index HF admission. Restoring
SR and maintaining it during index HF admis-
sion appeared to affect not only the in-hospital
outcomes but also the long-term outcomes over
several years.

Limitations of the study

There were several limitations to this study.
This was a non-randomized, registry-based study
and might have been affected by unmeasured con-
founding factors. Since the attending physician’s
intension regarding AF treatment strategy (rhythm
control vs. rate control) was not collected in this
registry, the definition of the present study groups
is different from that of the rhythm and rate control
strategy groups in previous randomized trials. The
KorAHF registry did not collect data on the rhythm
status during follow-up, thus further analysis ac-
cording to the recurrence of AF during follow-up
was not available. Further studies are warranted
to confirm the effect of rhythm control strategies
for AF in these high-risk patients with AHE.

Conclusions

In this large multicenter KorAHF registry,
patients with AHF and AF had significantly lower
future mortality rates when rhythm treatments for
AF were successfully applied. These results under-
score the importance of restoring SR in patients
presenting with AHE
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Abstract

Background: The Heart Team approach has become an integral part of modern cardiovascular
medicine. To evaluate current opinions and real-world practice among lead extraction practitioners, an
online survey was created and distributed among a pool of lead extraction specialists participating in
the International Lead Extraction Expert Meeting (ILEEM) 2018.

Methods: The online survey consisted of 10 questions and was performed using an online survey tool
(www.surveymonkey.com). The collector link was sent to 48 lead extraction experts via email.
Results: A fotal of 43 answers were collected (89% return rate) from lead extraction experts in 16 dif-
ferent countries. A great majority (83.7%) of the respondents performed move than 30 lead extraction
procedures per year. The most common procedural environment in this survey was the hybrid operating
room (67.4%). Most procedures were performed by electrophysiologists and cardiologists (80.9%). Im-
portant additional members of the current lead extraction teams were cardiac surgeons (79.1%), anes-
thesiologists (95.3%) and operating room scrub nurses (76.7%). An extended Heart Team is regarded
beneficial for patient care by 86.0%, with potential further members being infectious diseases specialists,
intensivists and radiologists. Team training activities are performed in 48.8% of participating centers.
Conclusions: This survey supports the importance of establishing lead extraction Heart Teams in special-
1zed lead extraction centers to potentially improve patient outcomes. The concept of a core and an extended
Heart Team approach in lead extraction procedures is introduced. (Cardiol ] 2022; 29, 3: 481-488)
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Introduction

The Heart Team approach plays an important
role in modern cardiovascular medicine. The main
purpose of the Heart Team is to determine the
best available therapy in an individual patient using
a multidisciplinary team approach, balancing the
risks and benefits of different therapeutic strate-
gies. The implementation of a multidisciplinary
team approach has been recommended in multiple
European Society of Cardiology guidelines (e.g.
management of valvular disease, myocardial revas-
cularization, management of atrial fibrillation, heart
failure and infective endocarditis) [1-5].

For transvenous lead extraction (TLE) proce-
dures the multidisciplinary team approach is noted
in section 11.1 (“Personnel”) of the current 2017
Heart Rhythm Society expert consensus state-
ment. As members of this multidisciplinary team,
cardiologists, electrophysiologists, cardiothoracic
surgeons (in centers where the primary opera-
tor is not a surgeon), interventional radiologists,
vascular surgeons are suggested. For centers that
perform lead extractions in children or young adults,
pediatric cardiologists as well as pediatric electro-
physiologists should also be included. In section
8.1 (“Cardiovascular Implantable Electronic Device
Infection”) an evaluation by physicians with specific
expertise in cardiovascular implantable electronic
devices (CIED) infection and lead extraction is
recommended for patients with documented (class I
recommendation, level of evidence C) and suspected
(class ITa recommendation, level of evidence C)
CIED infection [6]. Putting the given information
together with the assumption that in most cases,
worldwide, the primary operator is an electrophysi-
ologist or cardiologist [7], the suggested Heart Team
for lead extraction procedures is represented by the
following specialists: electrophysiologist or cardiolo-
gist, cardiothoracic surgeon, interventional radiolo-
gist, vascular surgeon, infectious disease specialist
(in CIED infection cases) and pediatric cardiologist/
electrophysiologist (in children/young adults).

In order to evaluate current opinions and
real-world practice among lead extraction experts
a short online survey was created and distributed
among a pool of lead extraction specialists who
were participants of the International Lead Extrac-
tion Expert Meeting (ILEEM) 2018.

Methods

A short survey was created by formulating 10
questions: 9 closed-ended questions (2 dichoto-

mous question [22.2%], 7 multiple choice questions
[77.8%]) and 1 open-ended question (question
on country of work) (Table 1). 7 of the 9 (77.8%)
closed-ended questions had the additional option
to enter details on not available answer items
(“other”). The goal was to generate relevant ques-
tions that could be answered in less than 5 min, in
order to get a maximum response rate. The invita-
tion to participate was sent out by email amongst
lead extraction specialists who were recruited from
the participant pool of the ILEEM, which is held
annually in Berlin, Germany. The recipients were
encouraged to forward the invitation to other lead
extraction practitioners.

The survey was performed by using an online
tool called SurveyMonkey (www.surveymonkey.
com; SurveyMonkey Inc., San Mateo, California,
USA).

Statistics

Answers were analyzed with the tool pro-
vided by SurveyMonkey (www.surveymonkey.com;
SurveyMonkey Inc., San Mateo, California, USA).
Categorical variables are presented as numbers
and percentages.

Results

The invitation to participate was sent to 48
lead extraction specialists by email with a collec-
tor link to an internet-based survey at the end of
October 2018. The survey was closed at the end
of November 2018 and 43 answers to the survey
were recorded, a return rate of 89%. The aver-
age time spent for completing the survey was
2 min 38 s.

Participant countries

Forty one participants of this survey were
located in 16 different countries with the follow-
ing distributions of answers: Austria (3), Czech
Republic (1), Denmark (1), Finland (1), Germany
(2), Italy (2), Japan (3), Netherlands (1), New
Zealand (1), Poland (11), Spain (2), Sweden (1),
Switzerland (4), Thailand (1), United Kingdom (3),
United States (4). Two respondents did not answer
country of origin.

Annual volume of TLE procedures

This question was answered by all partici-
pants. The detailed answers are shown in Figure 1.
More than 30 procedures per year, being a common
definition of high-volume centers, were performed
in 83.7% of centers.
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Table 1. Questions of the online International Lead Extraction Expert Meeting (ILEEM) survey on the
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art Team approach in lead extraction procedures.

Questions of ILEEM survey on Heart Team approach in lead
extraction procedures

Question type

. In which country are you working?

. How many TLE procedures are performed in your clinic per year?

. Where are TLE procedures performed in your hospital?

. Who is predominantly performing TLE procedures in your hospital?

. Who is part of your team performing TLE procedures?

Open-ended
Closed-ended (multiple choice)
Closed-ended (multiple choice)
Closed-ended (multiple choice)

closed-ended (multiple choice)

N OO o A W N =

in your hospital?

8. Would you consider an “Extended Heart Team Approach” as beneficial
for the treatment quality of patients requiring TLE procedures?

9. In your opinion who should be the members of an “Extended Heart

Team” for TLE procedures?

10. Do you perform team trainings with your TLE team?

. Who is performing TEE during TLE procedures in your hospital?

. How is cardiac surgical backup for TLE procedures organized

Closed-ended (multiple choice)
Closed-ended (multiple choice)
Closed-ended
(dichotomous question)

Closed-ended (multiple choice)

Closed-ended (dichotomous question)

All closed-ended multiple choice questions had the additional option to enter details on not available answer items (“other”). TLE — trans-

venous lead extraction; TEE — transesophageal echocardiography

How many transvenous lead etraction procedures are performed
in your clinic per year?

Total respondents: 43

17
164
144
194 12
104
81 7
6.
44 3 4
0
0.

0-20 20-30 30-50 50-70 > 70
cases cases cases cases cases

Where are transvenous lead etraction procedures performed in your hospital?
80.0%

70.0% 1
60.0% 1
50.0% 1
40.0% 1
30.0% 1
20.0% 1 e 1408
10.0%1 47%
0.0%-

67.4% Total respondents: 43

18.6%

Hybrid OR Standard OR + Cath Lab EP Lab Other

mobile C-Arm

Figure 1. Annual center volume of transvenous lead
extraction procedures amongst survey participants.

Procedural environment

The answer rate on this question was 100%.
The detailed answers are shown in Figure 2.
Eighty-six percent of all participants performed
lead extraction procedures in an operating room
(OR), with most procedures done in a hybrid OR.
Two answers were “other” and specified as OR and
a mixture of OR and hybrid OR.

Primary operator in lead extraction
procedures

This answer was completed by 42 participants.
The primary operator is an electrophysiologist in
24 (57.1%) centers, a cardiologist in 10 (23.8%)

Figure 2. Procedural environment of transvenous lead
extraction procedures. (Multiple responses were al-
lowed. Percentages calculated in relation to the total
number of respondents); OR — operating room.

centers and a cardiac surgeon in 8 (19.1%) cent-
ers. Five additional comments were given mainly
stressing the presence of a cardiac surgeon when
the procedure is performed by an electrophysiolo-
gist or cardiologist.

Current team composition in lead
extraction procedures

All participants answered this question. The
detailed answers are shown in Figure 3. Given
answers were physicians (cardiologist, electro-
physiologist, cardiac surgeon, anesthesiologist) as
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Radiology technician

Cath/EP Lab techician

OR scrub nurse

Perfusionist

Anesthesiologist

Cardiac surgeon

Electrophysiologist

Cardiologist

Who is part of your team performing TLE procedures?

Total respondents: 43

95.3%

0.0% 20.0% 40.0%

60.0% 80.0% 100.0% 120.0%

Figure 3. Current team members of lead extraction teams. (Multiple responses were allowed. Percentages calculated
in relation to the total number of respondents); OR — operating room; TLE — transvenous lead extraction.

well as non-physician members (perfusionist, OR
scrub nurse, Cath/EP Lab technician, radiology
technician).

Performance of TEE during lead
extraction procedures

This answer was completed by 42 participants.
In most cases transesophageal echocardiography
(TEE) is performed by an anesthesiologist (n = 25;
59.5%). In 17 (40.5%) centers TEE was performed
by a cardiologist. Two (4.8%) centers have a spe-
cific echocardiography technician for this task.
In almost 10% (4 centers; 9.5%) TEE was not
routinely performed during TLE procedures. In
1 (2.4%) center, intracardiac echocardiography
(ICE) was used as an ultrasound monitoring tool
during TLE procedures.

Cardiac surgical backup

Forty-one participants answered this question.
In all of the responses, participating centers had
cardiac surgical backup available and present but
with differing access and extent. Detailed results
are shown in Table 2.

Extended Heart Team approach
in TLE procedures

To collect the opinions of participants on an
“extended heart team approach” in TLE proce-
dures, the following question was posed: “Would
you consider an “Extended Heart Team Approach”

Table 2. Cardiac surgical backup during trans-
venous lead extraction procedures (participants:
43, answered: 41, skipped: 2).

Cardiac surgical backup Responses
Cardiac surgeon scrubbed and 17 (41.5%)
present during the procedure

Cardiac surgeon in the operating 13 (31.7%)
room — not scrubbed

Cardiac surgeon in the hospital 11 (26.8%)
No cardiac surgeon available 0 (0%)

as beneficial to the quality of treatment of patients
requiring TLE procedures?”. This question was
answered by 100% of participants.

Thirty-seven participants in the survey
(86.0%) considered the extended Heart Team
approach as beneficial, whereas for 6 (14.0%)
answered that it was not considered as beneficial.

Members of an “Extended Heart Team”
for TLE procedures

This answer was completed by 41 partici-
pants. Besides the electrophysiologist (80.5%)
and the cardiologist (48.8%), the cardiac surgeon
(95.1%), the anesthesiologist (90.2%) and the
infectious disease specialist (78.0%) were con-
sidered important members of an extended lead
extraction heart team. Detailed results are shown
in Figure 4.
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Perfusionist

Anesthesiologist

Intensivist

Radiologist

Infectious disease specialist

Cardiac surgeon

Electrophysiologist

Cardiologist

In your opinion, who should be the members of an “Extended Heart Team” for TLE procedures?

Total respondents: 41

90.2%

95.1%

48.8%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

Figure 4. Opinion of the survey participants on the composition of an extended Heart Team in transvenous lead ex-
traction (TLE) procedures. (Multiple responses were allowed. Percentages calculated in relation to the total number

of respondents).

One respondent was uncertain about the ter-
minology of an “Extended Heart Team”, high-
lighting the potential for a broad team definition
or composition. Additional potential members
such as an echocardiography specialist were
suggested. The quality, experience and skill mix
of the team membership was also considered to
be important.

Training TLE teams

This question was answered by 100% of the
survey participants. 48.8% (21) of the centers
perform specific team training with their TLE
team, whereas 51.2% currently do not perform
team training.

Additional information was supplied by 15
respondents. These comments included reporting
the frequency of trainings as monthly, quarterly,
twice annually or when a new member enters the
team. Format of training was comprised of: work-
shops, seminars, clinical conferences, emergency
procedure training, review of techniques, external
trainings and simulation.

Discussion

A multidisciplinary team approach is now
considered an integral part of current methods for
providing patient-centered therapy under many
cardiovascular conditions. In patients with com-
plex coronary artery disease, it was shown that

the decision-making process in a Heart Team is
reproducible and that outcomes are successfully
implemented in a majority of cases [8, 9].

The 2017 European Society of Cardiology
guidelines on the management of valvular diseases
recommended the concepts of a Heart Team ap-
proach and establishment of heart valve centers.
Requirements of a heart valve center include
a multidisciplinary team which meet on a regular
basis, work with standard operating procedures
(SOP), have the availability of multiple high-quality
imaging techniques, conduct regular consultations
with extracardiac departments and other hospitals,
have the availability of back-up services and imple-
ment data reviews [1].

Given the results of this survey on the cur-
rent composition of Heart Teams in lead extrac-
tion procedures and that a majority of participants
regard the extended Heart Team approach to be
beneficial to the quality of treatment of patients,
the requirements for a Heart Team approach in
lead extraction procedures can be summarized as
similar to those for valvular heart disease: regular
meetings, SOP-based approaches, availability of
imaging specialists, infectious disease specialists
as well as intensivists, close contact with referring
non-extraction centers and implementation of data
reviews for quality assurance purposes (Table 3).

The composition of the Heart Team is
an important aspect. Based on the results of
this survey, physicians of different specialties
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Table 3. Requirements for a Heart Team
approach in lead extraction procedures.

Requirements for a lead extraction Heart Team
approach

Regular meetings

Standard operating procedures-based approaches
Availability of specialists:

* imaging specialists/radiologists

* infectious disease specialists

* intensivists

Close contact to referring non-extraction centers

Implementation of data review for quality assurance
purposes

Extended Lead Extraction Heart Team:
Infectious disease specialist (CIED infections)
Intensivist (TLE in heart failure patients)
Radiologist/imaging specialist

Core Lead Extraction Heart Team

Electrophysiologist/cardiologist (mandatory)
Cardiac surgeon (mandatory)
Anesthesiologist (mandatory)

Perfusionist (mandatory)
Cath/EP Lab technician/nurse or OR nurse (mandatory)
Radiology technician (optional)

Figure 5. Concept of a core and an extended lead ex-
traction Heart Team approach.

as well as non-physician members should be
members of a lead extraction Heart Team. The
definition or composition was deliberately not
defined in the survey, in order to draw comment
and not to influence answers. Based on the re-
sults of this survey we propose the concept of
a combined core and extended Heart Team in TLE
procedures (Fig. 5). The core lead extraction Heart
Team should consist of all professionals involved in
the actual lead extraction procedure: electrophysi-
ologist/cardiologist (mandatory), cardiac surgeon
(mandatory), anesthesiologist (mandatory), per-
fusionist (mandatory), Cath/EP Lab technician/
nurse or OR scrub nurse (mandatory) and radiology
technician (optional). The extended Heart Team in
TLE procedures additionally consists of the follow-
ing professionals: Infectious diseases specialist
(in cases with documented or suspected CIED
infection), intensive care specialists (especially in
TLE procedures in heart failure patients or when
sepsis or multiorgan support is required), radi-
ologist/imaging specialist (when special imaging

modalities are required pre-operatively). A wider
membership is important when considering the
pre- and post-procedure management and does
not exclude the need for consultation outside of
the group. The role of the group should not be
restricted to the performance of the procedure
alone, but to be involved in pre-, peri- and post-
procedure management.

The composition of the core TLE Heart Team
is already well accepted in most centers. The con-
cept of an extended lead extraction Heart Team
still needs to be established and defined amongst
the wider clinical cardiology community. It is
a fact that performing lead extraction procedures at
specialized lead extraction centers leads to higher
procedure volume and better patient outcomes,
with a well-documented volume-outcome relation-
ship for lead extraction procedures [7, 10]. The two
most common causes of non-procedure related in-
hospital mortality in the ELECTRa registry were
sepsis and heart failure. In this registry, amongst
others, predictors of increased all-cause mortality
during hospitalization were found to be systemic
infection (odds ratio 4.93, 95% confidence interval
2.72-8.93) and New York Heart Association class
III/IV (odds ratio 4.08, 95% confidence interval
2.24-7.43) [7]. Consequently, regular involvement
of specialist physicians for the treatment of septic
complications or heart failure makes good clinical
sense in order to improve outcomes for these sub-
groups of lead extraction patients. This makes the
infectious disease specialist service of particular
importance for patients with CIED infections
(especially systemic infections). For heart failure
patients, especially for those having cardiac resyn-
chronization systems extracted, the intensivists
and/or heart failure teams have important roles
in helping manage and improve post-procedure
survival. Furthermore, the availability of extra-
corporeal life support and short-term mechanical
circulatory support may be beneficial for selected
heart failure patients. In certain patients special
imaging techniques may be required to confirm
a suspected diagnosis (e.g. FDG/PET CT scan
for suspected pocket infection), to assess special
anatomical situations (e.g. CT angiography for ve-
nous occlusion or CT scan to confirm inadvertently
placed leads in the left ventricle) or to assess lead
course in relation to critical anatomical structures
(e.g. superior vena cava, tricuspid valve) [11, 12].
The vast majority (86%) of the survey participants
considered an extended Heart Team approach as
beneficial for improving the quality of TLE proce-
dural planning and performance.
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Last but not least, this survey revealed that
approximately half of the centers contacted (48.8%)
undertook team training. Furthermore, the re-
sponses show a large heterogeneity in terms of
the frequency and format of such team training.
This is probably due to the fact that training teams
specifically in lead extraction procedures remains
in its infancy. There is considerable surgical team
training predominantly for the non-technical skill
sets that have been adopted in many centers which
is applicable and transferable. Since many TLE
procedures are performed in hybrid surgical envi-
ronments, team training routines already exist for
the more generic tasks. Specific team training for
TLE work should be considered since the volume
of procedures for all team members may be small
in comparison to other work performed (other
cardiac surgical procedures, electrophysiology
procedures). Possible targets for team trainings
are rehearsals of uncomplicated lead extraction
procedures to improve familiarization and situ-
ational awareness with such work as well as crisis
management for peri-procedural complications and
management of postoperative care. With regard
to procedural task training (performance of the
procedure and management of complications) the
use of virtual reality (VR) or augmented reality
(AR) techniques may be beneficial but are as yet
unproven and not specifically available for TLE pro-
cedures. Besides being used in training scenarios
these VR and AR technologies may also be used as
an adjunct for optimizing procedure planning and
rehearsal prior to the case. These are important
areas for future development.

Limitations of the study

This survey provides a consensus group opin-
ion from a select group of clinicians who are or
have been participants of the ILEEM in Berlin,
Germany (www.ileem.com). Therefore, the survey
participants do not represent an average group of
physicians in real world practice, especially with
regard to low and medium volume extraction
centers. All participants perform TLE proce-
dures using a variety of tools and techniques with
83.7% of all participants undertaking more than
30 TLE procedures annually, a common defini-
tion for a high-volume center [7]. Almost 40% of
the contacted centers performed more than 70
procedures per year, highlighting the expertise
amongst respondents to this survey. Only lead
extraction experts involved with ILEEM provided
opinions which may not reflect the experience and
opinions of others, e.g. in low volume centers or

views in other geographical regions. The survey
was designed to gain an understanding of current
opinions about the importance of a team approach
to TLE procedures and provoke further discussion
within the community.

The impact on clinical outcomes of such an ex-
tended Heart Team approach has to be investigated
in future studies as a verification of this current
expert opinion on the benefits of this approach
backed by solid data.

Conclusions

This survey supports the importance of estab-
lishing lead extraction Heart Teams in specialized
lead extraction centers to potentially improve
patient outcomes. The concept of a core and an
extended Heart Team approach in lead extraction
procedures was introduced. The clinical benefits
have to be proven in future studies.
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Abstract

Background: Left atrial appendage (LAA) closure (LAAC) is a viable alternative to anticoagula-
tion for stroke prevention in non-valvular atrial fibrillation. However, device-associated thrombosis
(DAT) is known as a complication of LAAC as observed within the first few weeks after implantation.
A noninvasive method is needed to predict the progress for endothelialization surveillance. The aim of
the study was to develop a noninvasive visual contrast-enhanced transesophageal echocardiography
(¢cTEE) method for monitoring the communication between left atrium (LA) and LAA post-LAAC by
cTEE-score evaluating the contrast enhancement in LAA.

Methods: A fotal of 29 healthy dogs were studied by LAAC at < 24 h and 1, 2, 3 and 6-months. The
LAAC procedure was assessed by TEE with color Doppler flow imaging (CDFI) and contrast imaging.
The cTEE score was calculated based on the differential contrast opacification of LA and LAA cavities,
the CDFI on the width of peri-device color flow, and that of histology on the level of occluder surface
endothelialization in postmortem histological examination. Spearman’s correlation analysis was used
to correlate these scores.

Results: The correlation between cTEE and histology scores was superior to that between CDFI and
histology scores. The trend of average cTEE score was tracked with that of histology, while that of CDFI
was far from that of histology. The correlation coefficient of CDFI and histology scores was not signifi-
cant (p > 0.05).

Conclusions: The noninvasive visual cTEE is feasible and reliable to monitor communication be-
tween the LA and LAA post-LAAC. cTEE is superior to CDFI as a tool in predicting the progress for
endothelialization surveillance. (Cardiol ] 2022; 29, 3: 489-498)

Key words: left atrial appendage closure, endothelialization, contrast echocardiography,
histology, noninvasive surveillance
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Introduction

Left atrial appendage closure (LAAC) is an
important alternative to life-long oral anticoagula-
tion (OAC) in patients with high stroke risk and
contraindication for OAC [1]. The Watchman de-
vice (Boston Scientific Inc., USA) and Amplatzer
Cardiac Plug (ACP) device (St. Jude Medical Inc.,
USA) are the most commonly used devices [1-3].
Clinical trials with the Watchman device suggested
that LAAC was similar to warfarin therapy for
stroke prevention in non-valvular atrial fibrilla-
tion patients [4, 5]. The 5-year outcomes of the
PREVAIL and the PROTECTAF trials demonstrat-
ed that LAAC by the Watchman device prevented
stroke in non-valvular atrial fibrillation as compared
to warfarin with fewer hemorrhagic strokes and
mortalities [6, 7].

Interestingly, if the foreign material of LAAC
devices is not fully covered by endothelial cells,
thrombus develops on the left atrial surface of
the device, followed by thromboembolization [8].
Reportedly, device-associated thrombosis (DAT)
is a complication that occurs after LAAC with an
incidence of 0-17.6% [1, 8-13]. Typically, the in-
cidence of thrombus formation is frequent in the
first few weeks after LAAC, followed by a decline
with complete endothelialization of the device
surface [10]. DAT and the peri-device leak showed
a correlation with late thromboembolic events after
technically successful LAAC [12]. Therefore, the
optimal regimen of post-procedural anticoagulation
or platelet inhibition after LAAC is recommended
for both the Watchman and ACP devices [11].

However, the correlation between endotheli-
alization of the left atrial appendage (LAA) occluder
surface during healing and the blood flow between
the left atrium (LA) and LAA is yet to be elucidated.
The communication flow between LA and LAA,
including central-device flow and peri-device flow
(residual flow), may be associated with incomplete
endothelialization of occluder surface and the risk
of DAT formation. Both color Doppler flow imag-
ing (CDFI) and contrast-enhanced transesophageal
echocardiography (cTEE) is used to monitor the
blood flow [14]. CDFI has been used to identify
the residue flow by measuring the width of peri-
device flow in PROTECTAE PREVAIL, and EVO-
LUTION trials [4, 5]. However, the use of cTEE
for post-LAAC follow-up examination has not yet
been explored despite it being a valuable tool for
differentiating between spontaneous contrast and
thrombus in LAA [14].

Herein, we sought to monitor the commu-
nication between LA and LAA by applying cTEE
after LAAC and found complete closure of LAA
and endothelialization of the surface of the device
in the absence of contrast agent within the LAA.
However, the LAA opacification indicated the
presence of communication between LA and LAA,
although it could not be quantified. Furthermore,
the correlation between CDFI, cTEE, and endothe-
lialization is unclear.

Because complete cessation of flow by CDFI
is the current “gold standard” for discontinua-
tion of anticoagulation post-LAAC clinically, we
focused on the correlation between cTEE, CDFI,
and the histological evidence of complete endothe-
lialization. In this study, we proposed that cTEE is
a noninvasive method to evaluate not only the
LAAC effectiveness but also the degree of en-
dothelialization (related to histological analysis)
and that it is a superior tool to CDFI for endothe-
lialization surveillance.

Methods

Animal preparation

A total of 29 healthy dogs (7 females, 28.0 =
+ 3.7 kg) were divided into five groups randomly
and euthanized at < 24 h, 1-, 2-, 3-, and 6-months
after LAA device implantation. The study proto-
col was approved by the Committee on Animal
Research of Beijing Pinggu District Hospital’s
Animal Experimental Center (Beijing, China). For
the LAAC procedure and follow-up transesophageal
echocardiography (TEE) examinations, the animals
were under general anesthesia with xylazine hydro-
chloride (0.1 mg/kg) and propofol intramuscularly
after 12 h of fasting.

TEE and cTEE examinations

A GE Vivid E9 with XD clear ultrasound
system (GE Vingmed Ultrasound AS, Norway)
containing a 6VT-D TEE transducer (3-8 MHz)
was used. The TEE probe was inserted at a depth
of 50—60 cm from the incisors. At 0, 45-60, 80-90,
and 120-135°, the following were recorded: the
LAA lobes, orifice diameter and depth, and the
distance between left superior pulmonary vein and
mitral annulus. The peri-device flow post-LAAC
was assessed by CDFI with > 10 frames/s.

By adjusting in the left ventricular contrast
mode, the mechanical index was set between
0.3 and 0.4, while the soft tissue thermal index
was 0.2. After focusing the LAA and placing the
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sample volume on the LAA orifice, 1.0-1.5 mL
contrast agent (SonoVue™, Bracco Diagnostics,
Princeton, NJ, USA) was injected intravenously in
the femoral vein by bolus application, followed by
a flush of saline. The images were acquired in 3-5
cardiac cycles after microbubbles was gradually
flushed into the LAA. The time intensity curves
of micobubble concentrations were acquired from
the sample points (2.0-mm high and 2.0-mm wide).
The curves were fitted using Time Intensity Curve
Manual (Ultrasound Lab, 2005) and: Fitting Curve
= A [1 - exp(—-kt)] + B, where A is the difference
between B and the maximum intensity at ¢ is infinity,
B is the intercept intensity at t = 0, k is a constant,
1 — exp(—kt) is the increasing function for wash-in.

The definition of cTEE score is three scores:
2,1, and 0. The cTEE score of 2 is defined as
microbubbles in both LA and LAA simultaneously
with in 3 heart beats that fully fill the LAA, and
1 as microbubbles that slowly appear in LAA, fol-
lowing 3-5 heartheats after LA is fully or partially
filled. The final filling of LAA may be partial or
complete. The cTEE score of 0 is defined as non-
visible microbubbles in LAA, in which, there is no
communication between LA and LAA. The cTEE
scores 2 and 1 represent at least partial blood flow
between LA and LAA.

The CDFI scores are based on the width of
the residual flow into LAA. The CDFI score of 2 is
defined as the width of peri-device flow > 5 mm,
1 as the width of peri-device flow <5 mm, and 0 as
non-detectable peri-device flow.

LAA occlusion

The procedure was performed through a femo-
ral vein under fluoroscopic and angiographic guid-
ance. Based on the measurements by angiography
and TEE, a self-expanding device (LAMax "™ LAAC
occluder, ShenZhen KYD Biomedical Technology
Co., Ltd, China) was chosen, which comprises
a proximal cover-disc to seal the ostium of the LAA
and a distal embedded-hook anchor to be positioned
within the LAA; a short central waist was connected
with the two parts. Both the disc and the anchor
were constructed from nitinol mesh and incorporate
with fabric. Prior to the device release, five signs
(acronym COVER) should be observed: 1) Conca-
vity of the cover-disc to ensure adequate sealing;
2) Oversizing, i.e., the diameter of the anchor is
20-50% larger than the measured zone; 3) Verifying
the position and impingement on the surrounding
structures; 4) Ensuring stability for tug test; and
5) Residual flow assessed to be < 5 mm.

Follow-up gross and microscopic
examinations

After postoperative TEEs, the dogs were
euthanized with an overdose of intravenous injec-
tion of pentobarbital (86 mg/kg). The chest and
pericardial cavities were inspected. The heart was
opened from the right atrial. The device migra-
tion, DAT, the surface of the cover-disc, and the
correlation with left superior pulmonary vein and
mitral annulus were analyzed. The anchor of the
device was inspected by cutting through the LAA.
A histology score of 2 is defined as no neo-intimal
coverage on the atrial surface of the cover-disc,
1aspartial neo-intimal coverage on the atrial surface
or full neo-intimal coverage but gaps are present
between the periphery of the cover-disc and the LA
tissue, indicating incomplete LAAC, and 0 as full
neo-intimal coverage on the surface of the cover-
disc without any gap between the periphery of the
cover-disc and the LA tissue, indicating complete
LAA occlusion.

Subsequently, the device and the surrounding
tissue underwent dehydration, followed by infiltra-
tion and were embedded in methyl methacrylate.
The device was cut along the long axis of the ap-
pendage with an EXAKT 300CP diamond band saw,
polished with an EXAKT 400CS grinding system
(EXAKT, Norderstedt, Germany), stained with
toluidine blue, and analyzed under light microscopy.

Statistical methods

Data were analyzed using SPSS version 21.0
(SPSS Inc., Chicago, IL, USA). Values were dis-
played as mean * standard deviation (SD). Spear-
man’s correlation coefficients were computed
among the cTEE, CDFI, and histology scores.
P < 0.05 was considered statistically significant.
The total scores were computed as the sum of the
scores of all accountable dogs at that time point.
The average score was computed by using total
score divided by the animal count in a group. Plots
were created with Microsoft Excel.

Results

Transesophageal echocardiography was per-
formed in 29 dogs before LAAC. At 3-5 s after the
intravenous injection of contrast agent, microbub-
bles could be seen filling the LAA (Fig. 1). No con-
trast filling defect was detected in any of them. The
success of device implantation was 100%. There
was no evidence of infarction in the major organs,
as assessed by gross examinations.
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Figure 1. Representative contrast-enhanced transesophageal echocardiography (cTEE) graphs of different score
gradings; A. cTEE-score 2: Microbubbles appeared in both left atrium (LA) and left atrial appendage (LAA) simultane-
ously within 3 heart beats, and fully filled in LAA; both time intensity curves (TIC) for the concentrations in LA (yellow
TIC) and LAA (green TIC) were mingled and reached their plateaus at the same time; B. cTEE-score 1: Microbubbles
appear slowly in LAA by 3 heart beats after the LA was fully filled with microbubbles; the rising speed of TIC in LAA
(green) was slower than the one in LA (yellow), and finally both TICs mixed together although the yellow TIC reached
its plateau earlier; C. cTEE-score 0: None visible microbubble in LAA, both TICs were separated with the TIC in LAA

lower than that in LA.

At the follow-up visit, all animals had TEEs.
The post-mortem pathology showed the LAA
orifices were occluded by the cover-disc, and no
thrombi were detected at any of these stages.
Beginning from 1-month post LAAC, the atrial
surface of the cover-discs started to be covered by
a glistening white neo-endocardial layer. Bytheen-
dof 6-month, the neo-endocardialization was 100%
(Table 1). The neo-intima covered the device-left
atrial interfaces, thereby sealing the LAA orifices
completely. The claws of the anchor were well

opposed to the LAA walls, without any evidence
of tissue necrosis.

Figures 2 and 3 present examples of cTEE
scores 0, and 2, respectively. As shown in Figure 4,
the local atrial tissue tolerated the device well, as
shown histologically.

Table 1 summarizes the results of cTEE-score,
peri-device flow detected by CDFI, and histology
score. In Table 2, at the < 24 h time point, only 17
dogs exhibited cTEE scores; the average cTEE
score was 1.41. The average CDFI-score of 29 dogs
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Table 1. Results of contrast-enhanced transesophageal echocardiography (cTEE)-score, peri-device
flow detected by color Doppler flow imaging (CDFl)-score, and histology score.

Case cTEE-score
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—: the animal was euthanized; x: no CDFI or cTEE measurement; h — hour

was 0.17. Six dogs were sacrificed for autopsy. The
average cTEE, CDFI and histology scores of these
6 dogs were 1.5, 0, and 2, respectively.

At the 1-month time point, the 6 dogs were
sacrificed. The average cTEE, CDFI and histology
scores of these dogs were 0.5, 0 and 0.5, respec-
tively. One device malposition was found with
a histology score of 1 (Case No. 11, Table 3). At the
2-month time point, no device migration was found.

At the 3-month time point, 7 dogs were sac-
rificed. Their average cTEE, CDFI and histology
scores were 0.71, 0.29 and 0.57, respectively.

www . cardiologyjournal.org

; m — month

There was peri-device flow in 2 cases (Case No. 21
and 24) with a width of 2-mm detected by a CDFI
and cTEE score of 2 or 1 at post-LAAC. CDFI dem-
onstrated that 3/7 animals had peri-device flow at
both < 24 h and 1-month post-LAAC time points.
Among these 3 animals, a peri-device flow was no
longer apparent at 2 months, as assessed by CDFI
but was detected by cTEE (Table 1). At the 6-month
time point, the cTEE, CDFI, and histology scores of
the remaining dogs were 0. The LSPV was partially
obstructed and the MA was compressed by the
cover-disc of the same device.
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Figure 2. Example of contrast-enhanced transesopha-
geal echocardiography (cTEE)-score 0 (2-months post-
-left atrial appendage closure); A. Color Doppler flow
imaging (CDFI): none peri-device flow into left atrial
appendage (LAA); B. cTEE and time intensity curves
(TIC): none visible microbubble in LAA, two mixed TICs
(red, green) in two different locations of LAA were much
lower than that in left atrium (yellow); C. Gross exami-
nation: fully endothelialization of LAA occluder’s atrial-
surface, and the occluder was well coupled with the
surrounding tissue.

Figure 3. Example of contrast-enhanced transesopha-
geal echocardiography (cTEE)-score 2 (3-months post-
-left atrial appendage closure [LAAC]); A. Color Doppler
flow imaging (CDFI): a width of 2 mm peri-device flow
into left atrial appendage (LAA); B. cTEE and time inten-
sity curves (TIC): microbubbles got into LAA through
a communication channel quickly from left atrium (LA)
to LAA after LAAC, the TIC in LAA (red) was higher than
the one in LA (yellow) due to the effect of an echo by
the cover-plate; C. Gross examination: fully neo-intimal
coverage of occluder’s atrial-surface, the left edge of
cover-plate was inside LAA, and an irregular fissure
along the cover-plate’s edge was found and passed with
a 18-gauge hypodermic needle from LA to LAA.
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1 month post-LAO
Neointimal coverage on the atrial surface of the cover-plate

Cross-sections of nitinol wires in the cover-plate

Figure 4. Histological section of the left atrial appendage closure (LAAC) device’s cover-plate. Sagittal section through
the center of the left atrial appendage and device in a dog (1-month post-LAAC). Microscopic views showed neo-
intimal coverage over the atrial surface of the cover-plate.

Table 2. Summary of total score, average score for the contrast-enhanced transesophageal echocar-
diography (cTEE)-score, color Doppler flow imaging (CDFIl)-score, histology-score at < 24 h, 1-month,
2-months, 3-months, and 6-months post-left atrial appendage closure (LAAC).

< 24 hours 1-month 2-months 3-month 6-months

cTEE-score:

Total 24 (17%) 15 (21) 7(17) 5(12) 0 (5)

Average 1.41%* 0.71 0.41 0.42 0
CDFl-score:

Total 5 (29) 3(23) 2 (17) 2(12) 0 (5)

Average 0.17 0.13 0.12 0.17 0
Histology-score:

Total 12 (6) 3 (6) 1 (5) 4(7) 0(5)

Average 2 0.5 0.2 0.57 0

*Animal count; **1.41 = 24/7

Table 3. Three special cases.

Case Description

No. 11 In case no. 11 (1-month post-LAAC), although the LAAC orifice was blocked by the anchor
of the device while the cover-disc was in the left atrium (LA) but not attached to the orifice at all;
the atrial surface of the device, including the central screw, was well covered by the neo-intimal
tissue, while the incomplete neo-intimal coverage was found on the LAA surface of the cover-
-plate and the short central waist; no communication between LA and LAA was detected.

No. 21 and 24  In case no. 21 (3-months post-LAAC) and case no. 24 (3-months post-LAAC), the gross examination
showed that in both animals, the left edge of the cover-plate was inside the LAA and there was
a fissure along the cover-plate’s edge; an 18-gauge hypodermic needle was used to examine
the hole and could be passed from LA to LAA.

LA — left atrium; LAA — left atrial appendage; LAAC — left atrial appendage closure
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Table 4. The correlation coefficients among
contrast-enhanced transesophageal echocar-
diography (cTEE)-score, color Doppler flow
imaging (CDFl)-score, and histology score.

cTEE CDFI Histology

score (n) score (n) score (n)

cTEE score 1.00 (72) 0.55* (72) 0.95* (29)
CDFl score 0.55* (72) 1.00 (72) 0.16 (29)
Histology score 0.95* (29) 0.16 (29) 1.00 (29)

*Correlation is significant at the 0.01 level (2-tailed).

—e— CTEE-score average
—=— Histology-score average
—+— CDFI-score average

Average score

o
(S}
1

L

0 T T T T
0 30 60 90 120 160 180

Time [days]

Figure 5. The trends of the average score number of
contrast-enhanced transesophageal echocardiography
(cTEE)-score, histology-score, color Doppler flow imag-
ing (CDFI)-score, respectively, from the time before left
atrial appendage closure (LAAC) (i.e., the time was 0) to
1-, 30-, 60-, 90-, 180-days post-LAAC.

Table 4 shows the Spearman’s correlations
of the cTEE, CDFI, and histology scores at time
points < 24 h, and 30, 60, 90, and 180 days post-
LAAC, respectively. The correlation between cTEE
and histology scores was superior to that between
CDFT and histology scores. In Figure 5, shows the
trend of the average cTEE score tracks with that of
the histology score at different time points, but the
curve of the average CDFI score declines sharply
after device implantation immediately, which is
distal from that of the histology score.

Discussion

This study introduced a noninvasive visual
cTEE score method to monitor the communication
between LA and LAA and predict the progression of
the LAAC endothelialization process. By compar-
ing with the conventional CDFI method, as well as
correlating with the post-mortem anatomical and
histological examinations, we found that cTEE is

superior to CDFI as a tool for endothelialization
surveillance.

The post-LAAC healing reactions are similar
between canine and human, and the canine model is
suitable for pre-clinical evaluation of LAA occlusion
devices [2]. Usually, the LAAC devices consist of
nitinol frame and polyester fabric membrane. If not
fully endothelialized, the left atrial surface of the
devices have the potential to promote subsequent
thrombosis [8]. In a systematic review of DAT after
LAAC, the overall incidence of DAT was 3.9%. The
median time from procedure to diagnosis of DAT
was 1.5 months. These early cases of DAT are re-
lated to delayed device surface endothelialization,
and the late cases could be secondary to mechani-
cal factors or systemic patient factors [5, 10, 15].
Thus, the endothelialization of the LAA occluder’s
atrial surface is clinically critical in DAT prevention
postoperatively in patients. Therefore, in the clini-
cal trials, human subjects were given warfarin by
Watchman devices for 45 days after LAAC. If the
45-day TEE documented either complete closure
of the LAA or if peri-device flow was < 5 mm in
width and there was no visible large thrombus on
the device, warfarin was discontinued [4, 5]. In-
terestingly, the conformation of LAA surrounding
structures exhibited variable healing responses
among different LAAC devices, which might affect
the progress of endothelialization [2]. In this study,
LAMax™ LAAC occluder was applied, and the shape
of the cover-disc was similar to the disc of ACP.

The following questions remain unanswered:
Can the device endothelialization process be effec-
tively monitored in vivo? Is the device endotheliali-
zation process associated with the communicated
flow between LA and LAA? Intriguingly, TEE has
been applied widely to guide LAAC implantation
and follow-up anticoagulation. Routine device
surveillance by TEE at intermediate follow-up pro-
vides the opportunity to assess DAT, peri-device
leak, device positioning, surrounding structures.
However, CDFI and cTEE monitor the blood flow
by different mechanisms [14]. Echo contrast agents
are lipid-encapsulated microbubbles, which are
1-7 um in diameter and similar in size to red blood
cells. The microbubbles are injected intravenously
and remain within the blood pool to circulate in
a manner similar to the red blood cells for a short
interval. The use of cTEE has been described for
delineation of an LAA thrombus and distinction
between spontaneous contrast and thrombus [16].

In this study, cTEE was found to be superior to
CDFI with respect to communication between LA

496 www . cardiologyjournal.org



Xiaoxia Wu et al., cTEE predicts neointima coverage after LAAC

and LAA post-LAAC as well as the progression of
device endothelialization iz vivo. The CDFI score
decreased precipitously immediately post-implan-
tation in > 83% of the cases. This phenomenon
indicated that in most cases, the communication
between the LA and LAA reduces to the level be-
low the detection of CDFI after successful device
deportment. However, the CDFI score of 0 does
not mean total cessation of the flow as seen in this
cohort. There were 28/57 cases with a CDFI score
of 0 zero, but their cTEE scores were 1 or 2, indi-
cating at least partial flow between the LA and the
LAA. Moreover, the positive predictive value was
100% with 12 CDFI score-positive (1 or 2) stud-
ies, which also had positive cTEE scores (1 or 2).
Furthermore, in the set of < 24 h post-LAAC group
with no neo-intimal coverage on the surface of
cover-plate, all 6 dogs had a CDFI score of 0 and the
cTEE score was 1 or 2. This indicated that cTEE
can detect the communicated flow between LA and
LAA post-LAAC beyond the resolution of CDFI.

Left atrial appendage closure device surface
endothelialization is a slow process. It was shown
that at the end of 1 month, 50% (3/6) of the dogs
had complete device endothelialization, and by the
end of 6 months, 100% of the devices’ cover-discs
were completely covered, and the neoendocar-
dial covering was continuous from the left atrial
wall to the device. At different time points, the
histology scores of 15 dogs were 0; also, their
cTEE and CDFI scores were uniformly 0, with
a positive predictive value of 100%. However, when
the endothelial process occurred partially with
a histology score of 1, the cTEE score was superior
to the CDFT score. In the 8 dogs with the histology
score of 1, 7/8 had cTEE score of 1, and one had
a score of 2, while 2/8 dogs had a CDFI score of 1,
and the remaining had a score of 0. Overall, the
cTEE-score was correlated to the histology score
with a coefficient of 0.95. It is shown that a trend
of the average cTEE score tracked with that of the
histology score, but the trend of the average CDFI
score was far from that of the histology score. This
finding indicates that cTEE has a better temporal
resolution than CDFI in monitoring the device
endothelialization process iz vivo.

The present study also showed that the effec-
tive healing response after implantation of LAAC
devices was related to the achievement of concav-
ity of the cover-plate and less peri-device flow.
Especially, in 3-months post-LAAC group, both the
average cTEE and histology scores were higher
than that of the 2-month post-LAAC group. This

is due to a higher number of cases with immediate
post-LAAC peri-device flow present in this group.
Therefore, it is important to avoid the incidence
of residual flow during the LAAC procedure; if the
residual flow is unavoidable, it may be necessary
to monitor the healing progress by cTEE before
terminating the use of anticoagulants.

Despite a satisfactory correlation with the
histology score, the clinical significance of cTEE
score is yet uncertain. Thus, a large-scale clinical
study with DAT as the endpoint is imperative.
For clinical application, it is better to have cTEE
assessment before 1 month after LAAC. If cTEE
score remains not 0, cTEE should be done again
before terminating the OAC. If the residual flow is
found by CDFI, cTEE could be avoided. Neverthe-
less, we speculated that cTEE could be used as
a noninvasive tool for endothelialization surveil-
lance after LAAC for the future.

Limitations of the study

The number of animals studied is relatively
small. Since LAA occlusion devices are usually
tested in canines before clinical application, the
present study has extended these methods to
healthy adult dogs as the animal model. However,
clinical trials are required for further evaluation.

Conclusions

The noninvasive visual cTEE is feasible and
reliable to monitor the communication between
LA and LAA post-LAAC. The cTEE is superior to
the currently used CDFI to predict the progress
of neo-intimal coverage on the atrial surface of the
LAAC device in dogs.
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Abstract

Background: According to available research, there have been no head-to-head studies comparing
the effect of glucagon-like peptide 1 (GLP-1) agonists and sodium-glucose cotransporter 2 (SGLT-2)
inhibitors on cardiovascular outcomes among patients with type 2 diabetes not reaching glycemic goal
with metformin.

Methods: Relevant studies were identified through electronic searches of PubMed and EMBASE pub-
lished up to January 15, 2020. Efficacy outcomes of interest included the composite of cardiovascular
death, non-fatal myocardial infarction, or non-fatal stroke, its individual components, all-cause death,
and hospitalization for heart failure (HF). Safety outcomes included all suggested side effects of both
agents previously reported.

Results: Eleven studies, including 94,727 patients were used for the analysis. The risk of composite
end point was significantly lower in both groups compared to the control group (hazard ratio [HR] 0.88,
95% confidence interval [CI] 0.85-0.92, p < 0.001). The risk of hospitalization for HF was significantly
lower in both groups but the magnitude of the effect was more pronounced in the SGLT-2 inhibitors
group (HR 0.68, 95% CI 0.60-0.76, p < 0.001) than the GLP-1 agonists group (HR 0.92, 95% CI
0.84-0.99, p = 0.03). Patients treated with GLP-1 agonists discontinued trial medications move fre-
quently compared to conventionally treated patients because of serious side effects.

Conclusions: Both GLP-1 agonists and SGLT-2 inhibitors showed comparable cardiovascular out-
comes in patients with type 2 diabetes. However, the SGLT-2 inhibitors were associated with more pro-
nounced reduction of hospitalization for HF and lower risk of treatment discontinuation than GLP-1
agonists. (Cardiol ] 2022; 29, 3: 499-508)

Key words: diabetes mellitus, sodium-glucose transporter 2 inhibitors, glucagon-like
peptide 1 receptor, cardiovascular disease

Introduction

Use of appropriate antidiabetic drugs has
become an important issue in diabetic patients
with atherosclerotic cardiovascular disease
(CVD) and those with multiple risk factors [1, 2].

Although metformin is generally recommended
and widely used as a first-line therapy due to its
cardioprotective effects, selection of a subse-
quent antidiabetic agent among type 2 diabetic
patients who failed to reach their glycemic goal
has been debated [3, 4].
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Several classes of antidiabetic agents have been
effective in glycemic control when added to met-
formin and these include the incretin-based dipep-
tidyl peptidase 4 (DPP-4) inhibitors, glucagon-like
peptide 1 (GLP-1) agonists [5], and sodium-glucose
cotransporter 2 (SGLT-2) inhibitors. Current guide-
lines recommend addition of either SGLT-2 inhibi-
tors or GLP-1 agonists in type 2 diabetes patients
who failed to achieve their glycemic goal with met-
formin monotherapy or even as a first-line therapy
for patients with atherosclerotic CVD [4, 6, 7].

Contrary to recent trials of DPP-4 inhibitors
that did not show benefits or harms, several GLP-1
agonists and SGLT-2 inhibitors were effective in
terms of cardiovascular outcomes [8-17]. Under-
standing cardiovascular outcomes of second-line
antidiabetic agents in high-risk diabetic patients
could help physicians to select treatment strategy
after failure of metformin-based antidiabetic man-
agement. However, there were no head-to-head
studies comparing the efficacy of both classes of
antidiabetic agents. The purpose of this study was
to investigate the effectiveness of GLP-1 agonists
and SGLT-2 inhibitors and their safety profiles.

Methods

Data sources

Relevant studies were identified through elec-
tronic searches of PubMed and EMBASE published
up to January 15, 2020. Medical subject headings
and keyword searches included the terms ‘empagli-
flozin’, ‘canagliflozin’, ‘dapagliflozin’, ‘ertugliflozin’,
‘lixisenatide’, ‘exenatide’, ‘liraglutide’, ‘semaglu-
tide’, ‘albiglutide’, ‘dulaglutide’, ‘heart infarction’,
‘myocardial infarction’, ‘cerebrovascular accident’,
‘stroke’, ‘death’, ‘major adverse cardiac event’,
‘mace’, ‘major adverse cardiovascular event’, ‘heart
failure’, ‘controlled study’, ‘random’, and ‘placebo’.
Reference lists of selected articles were system-
atically reviewed for other potentially relevant
citations. No language restriction was enforced.

Study selection

Two investigators (S.-H.L. and J.-S.J.) in-
dependently conducted the literature search,
data extraction, and quality assessment by using
a standardized approach. Selected publications
were reviewed by the same investigators to assess
if studies met the inclusion criteria: (1) randomized
allocation; (2) all participants with type 2 diabetes
mellitus; (3) comparison of GLP-1 agonist or SGLT-2
inhibitor with a control group; (4) follow-up of more
than 1 year.

Data extraction

Two reviewers (Y.-M.L. and J.-S.].) extracted
relevant information from the articles including
study treatment, study period, patient character-
istics (mean age, gender distribution, duration of
diabetes, history of atherosclerotic CVD and heart
failure [HF]), sample size, estimated glomerular
filtration rates. Reviewers were not blinded to the
articles, publication sites, and affiliation of authors.

End points

Efficacy end points of this study were the com-
posite of cardiovascular death, non-fatal myocardial
infarction (MI), or non-fatal stroke, its individual
components, all-cause death, and hospitalization
for HE. Safety end points of interest included pan-
creatitis, pancreatic cancer, retinopathy, genital
and urinary tract infection, diabetic ketoacidosis,
lower limb amputations, fractures, acute kidney
injury, any malignancy, severe hypoglycemia, and
discontinuation of study medications.

Data synthesis and analysis

Hazard ratios (HRs) were pooled with 95%
confidence intervals (Cls) for the effect of ran-
domizing treatment allocation on the outcomes
across trials and the adjusted risk estimates were
pooled after logarithmic transformation according
to fixed-effects models with the generic inverse
variance method. For safety outcomes, random-
-effects models producing across-study summary
risk ratios (RRs) with 95% Cls were used. All
p values were 2-tailed, with statistical significance
set at 0.05. Included studies were well performed
and the Cochrane tool for the assessment of risk
bias in randomized clinical trials revealed low risk
of bias in all studies [18]. Statistical heterogeneity
between trials was assessed with I” statistic, which
is derived from the Cochran’s Q and the degree of
freedom [100 x (Q — df)/Q]]1[19]. I? values lesser
than 25%, greater than 25%, 50%, and 75% were
considered as evidence of no, low, moderate, and
severe statistical heterogeneity, respectively. If
significant heterogeneity was noted across the
studies, we then performed sensitivity analyses,
serially excluding studies to determine the source
of heterogeneity. Additionally, sensitivity analysis
based on the different backbone across GLP-1
agonist studies were conducted to examine the
heterogeneity between exendin-4 analogues and
human GLP-1 analogues. Publication bias was
examined by visual inspection of constructed fun-
nel plots. All statistical analyses were performed
using the Review Manager version 5.2 (The Nordic
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Cochrane Center, Copenhagen, Denmark). Meta-
analysis was performed according the statement of
Preferred Reporting Items for Systematic reviews
and meta-analysis [20].

Results

The search strategy identified 309 potential
articles, of which 32 were read in full text and 11
clinical studies were included into the final analysis.
Among them, 7 studies were phase 3, double-blind,
placebo-controlled trials comparing GLP-1 agonists
and standard treatment [9-11, 13, 21-23], while
4 trials were phase 3, double-blind, placebo-con-
trolled trials comparing SGLT-2 inhibitors and
control group [12, 17, 24, 25]. Table 1 summarizes
characteristics of the included studies. Of the 94,727
patients, 27,977 patients received GLP-1 agonists,
21,266 patients received SGLT-2 inhibitors and 45,484
patients were managed with conventional treatment.
To compare different studies, regimen of study treat-
ment, duration of diabetes, glycated hemoglobin level,
proportion of patients with atherosclerotic CVD and
HE and glomerular filtration rates were extracted
(Table 1). Of the 7 GLP-1 agonists studies, only one
of the latest studies [23] used oral regimen, instead
of subcutaneous injection. Human GLP-1 analogues
were used in 5 GLP-1 agonist studies [10, 11, 21-23]
while exendin-4 analogues were used in 2 studies
[9, 13]. Primary end point of the included studies was
composite of cardiovascular mortality, MI, or non-fatal
stroke except for one study [24] reporting composite
of renal outcomes and mortality.

Efficacy outcomes
Composite of cardiovascular death,
non-fatal MI, or non-fatal stroke

Eleven studies including 94,727 patients were
used for the analysis of composite end point. The
risk for the composite end point of cardiovascular
death, non-fatal MI, or non-fatal stroke was sig-
nificantly lower in both GLP-1 agonists group and
SGLT-2 inhibitors group compared to the control
group (HR 0.88,95% C10.85-0.92, p < 0.001, Fig. 1).
There was evidence of low statistical heterogene-
ity among the included studies (heterogeneity
¥’ =13.13,1° = 24%, p = 0.22).

Mortality, non-fatal M1, non-fatal stroke

Pooled effects of cardiovascular mortality
showed significantly lower rates in the GLP-1
agonists and SGLT-2 inhibitors group compared
to conventional treatment (HR 0.86, 95% CI
0.81-0.92, p < 0.001, Fig. 2A). Low statistical

heterogeneity was found among the included
studies (heterogeneity y° = 18.14, I’ = 45%,
p = 0.05). All-cause death was also significantly
lower in patients treated with both GLP-1 agonists
and SGLT-2 inhibitors compared with the control
group (HR 0.87, 95% CI 0.83- 0.91, p < 0.001).
Both GLP-1 agonists and SGLT-2 inhibitors were
associated with significantly lower rates of non-
fatal MI (HR 0.90, 95% CI 0.85-0.96, p < 0.001,
Fig. 2B). Risk of non-fatal stroke was significantly
lower with the use of GLP-1 agonists (HR 0.91,
95% CI 0.83-0.99, p = 0.02) but not with the
SGLT-2 inhibitors (HR 1.02, 95% CI 0.89-1.16,
p = 0.81, Fig. 2C).

Hospitalization for heart failure

There was a substantial disparity between
GLP-1 agonists and SGLT-2 inhibitors in the risk
of hospitalization for HF. The risk of hospitaliza-
tion for HF was significantly lower in both GLP-1
agonists group and SGLT-2 inhibitors group as
compared to the control group (HR 0.83, 95% CI
0.78-0.89, p < 0.001, Fig. 3), but the magnitude
of effect was more pronounced in the SGLT-2
inhibitors group (HR 0.68, 95% CI 0.60-0.76,
p < 0.001) compared with the GLP-1 agonists group
(HR 0.92, 95% CI 0.84-0.99, p = 0.03). There was
no evidence of statistical heterogeneity among the
included studies (GLP-1 agonists; heterogeneity
¥’ = 2.00, I = 0%, p = 0.92, SGLT-2 inhibitors;
heterogeneity y° = 1.32, I’ = 0%, p = 0.72).

Safety outcomes

In the analysis of safety outcomes, use of
GLP-1 agonists was associated with a significantly
increased risk of gastrointestinal events (RR 1.47,
95% CI 1.06-2.02, p = 0.02), but did not influence
the rates of pancreatitis (RR 0.72, 95% CI 0.37—
-1.43, p = 0.35), pancreatic cancer (RR 1.17, 95%
CI0.74-1.85, p = 0.51) and retinopathy (RR 1.07,
95% CI 0.88-1.29, p = 0.50) (Suppl. Fig. S1).
Patients treated with SGLT-2 inhibitors showed
a significantly increased risk of genital infection
compared with the patients on conventional treat-
ment (RR 4.50, 95% CI 3.32-6.10, p < 0.001), but
showed a similar risk of urinary tract infection (RR
1.03, 95% CI 0.96-1.10, p = 0.38). Use of SGLT-2
inhibitors tended to increase the risk of amputation
(RR 1.31, 95% CI 1.00-1.70, p = 0.05), but the ex-
clusion of studies with canaglifiozin demonstrated
a similar risk of amputation between the canagli-
flozin and the conventional treatment group (RR
1.08,95% CI10.90-1.28, p = 0.41) (Suppl. Fig. S2).
The SGLT-2 inhibitors decreased the risk of acute
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Figure 1. Hazard ratios for composite of cardiovascular death, non-fatal myocardial infarction, or non-fatal stroke
stratified by classes of anti-diabetic agent; Cl — confidence interval.

kidney injury compared with the conventional
treatment (RR 0.75, 95% CI 0.62-0.89, p = 0.001).

Patients treated with GLP-1 agonists discon-
tinued trial medication more frequently compared
to conventionally treated patients because of
serious side effects (RR 1.50, 95% CI 1.24-1.81,
p < 0.001, Fig. 4), but SGLT-2 inhibitors did not
increase the rates of withdrawal (RR 1.10, 95% CI
0.86-1.41, p = 0.44, Fig. 4).

Sensitivity analysis of different
GLP-1 agonist studies

Stratified analysis according to the different
GLP-1 agonists demonstrated significantly lower
rates of the composite end point of cardiovascular
death, non-fatal MI, or non-fatal stroke compared
to the control group in the studies of human GLP-1
analogues (HR 0.84, 95% CI10.79-0.90, p < 0.001),
but not in studies using exendin-4 analogues (HR
0.95, 95% CI 0.88-1.02, p = 0.16, Suppl. Fig. S3).
Human GLP-1 analogue was associated with signifi-
cantly lower rates of non-fatal MI (HR 0.85, 95% CI
0.77-0.94, p = 0.001) and non-fatal stroke (HR 0.80,
95% CI 0.70-0.91, p < 0.001) than conventional
regimen, whereas no significant differences were
found in exendin-4 analogues group. Moreover, the
risk of hospitalization for HF was significantly lower
in the human GLP-1 analogues group as compared
to the control group (HR 0.90, 95% CI 0.81-1.00,
p = 0.005), but not in the exendin-4 analogues group
(HR 0.94, 95% CI 0.82-1.07, p = 0.35).

Publication bias
Assessment of publication bias using RR of
composite end point of cardiovascular death, non-

-fatal M1, or non-fatal stroke of the included studies
showed a symmetric funnel plot with little evidence
of publication bias.

Discussion

In this systematic review and meta-analysis of
the 11 trials enrolling 94,727 patients with type 2
diabetes, both GLP-1 agonists and SGLT-2 inhibi-
tors showed comparable efficacy in the reduction
of composite end point of cardiovascular death,
non-fatal MI, or non-fatal stroke as compared with
the conventional antidiabetic treatment. There
was also a comparably significant reduction in the
respective risk of all-cause death, cardiovascular
death and non-fatal MI in both groups. Also found
was significantly lower risk of hospitalization for
HF in both classes of experimental medications,
especially more pronounced effect with SGLT-2
inhibitors than GLP-1 agonists. Regarding safety
outcomes, it was found that the GLP-1 agonists did
not increase risk of pancreatitis, pancreatic cancer,
or retinopathy. The SGLT-2 inhibitors showed
atendency toward increased risk of genital infection,
but did not increase urinary tract infection compared
with control group. Risk of non-fatal stroke was
significantly lower with the use of GLP-1 agonists,
but not with the use of SGLT-2 inhibitors. However,
discontinuation of trial medication due to serious
side effects was more frequently observed in pa-
tients receiving GLP-1 agonists treatment.

There have been no randomized clinical trials
that directly compared the efficacy of GLP-1 ago-
nists and SGLT-2 inhibitors to improve cardiovas-
cular outcomes. Despite limitations of observation-
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Figure 2. Hazard ratios stratified by classes of anti-diabetic agent; A. Cardiovascular mortality; B. Non-fatal myocardial

infarction; C. Non-fatal stroke; Cl — confidence interval.

al studies, the CVD-REAL study demonstrated that
use of SGLT-2 inhibitors lowered all-cause mor-
tality compared with other medications [26, 27].
In the EMPA-REG OUTCOME (Empagliflozin,
Cardiovascular Outcomes, and Mortality in Type 2
Diabetes) trial, which is a randomized, double-

-blind, placebo-controlled trial of 7,020 patients
with type 2 diabetes, composite risk of MI, stroke,
and cardiovascular death was significantly reduced
with empagliflozin (HR 0.86, 95% CI 0.74-0.99)
over a median follow-up of 3.1 years [17]. Car-
diovascular death (HR 0.62, 95% CI 0.49-0.77)
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Figure 3. Hazard ratios for hospitalization for heart failure stratified by classes of anti-diabetic agent; Cl — confidence

interval.

Figure 4. Hazard ratios for adverse events leading to discontinuation of study medication stratified by classes of anti-

diabetic agent; Cl — confidence interval.

and all-cause death were reduced in a similar
magnitude (HR 0.68, 95% CI 0.57-0.82) and there
was also significant reduction in hospitalization
for HF in the empagliflozin group (HR 0.65, 95%
CI 0.50-0.85). However, a reduction in hospi-
talizations for HF and cardiovascular death in the
empagliflozin group was observed consistently
across patients who have HF or did not have HF
at baseline [28].

The mechanism of beneficial effects for HF
of SGLT-2 inhibitors has not been definitely de-
fined [29]. Recent studies of SGLT-2 inhibitors for

prevention of cardiovascular and renal outcomes
suggest that the renoprotective effects related with
the natriuresis comprise a part of the reasons for
the improvement in hospitalization for HF [30, 31].
The natriuresis induced by SGLT-2 inhibition is
a stimulating factor for tubuloglomerular feedback,
which, in turn causes afferent renal arteriolar vaso-
constriction. After the vasoconstriction of afferent
arterioles of the kidney, resultant intraglomerular
pressure reduction is caused and reduced intraglo-
merular pressure provides a renoprotective effect
[32]. Furthermore, renoprotective effects and
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natriuresis are especially beneficial in patients with
impaired renal function at baseline who have sub-
stantial risk for hospitalization for HF [29]. A 32%
reduction in the risk of hospitalization for HF and
a 25% reduction in the rates of acute kidney injury
in the present study might explain the reduced risk
of cardiovascular death. Ongoing trials are assess-
ing cardioprotective effects of SGLT-2 inhibitors on
hospitalization for HF in non-diabetic patients with
HF as well as diabetic patients with HF [33].

In the present study, the SGLT-2 inhibitors
were relatively well tolerated with lower incidence
of serious adverse events compared with the GLP-1
agonists that were associated with higher risk of
adverse events leading to withdrawal of the study
drug. As previously reported [34], gastrointestinal
side effects were reported as the main side effect
by GLP-1 agonists leading to participant withdrawal
of study drug in our analysis. We think that SGLT-2
inhibitors have an advantage over GLP-1 agonists
in terms of lower rates of treatment discontinuation
and this might help physicians to make a better
treatment plan for diabetic patients who have failed
to achieve their glycemic target with metformin
monotherapy.

Two studies with exendin-4 analogues (ex-
enatide and lixisenatide) did not reveal superior-
ity over control regimen with respect to clinical
outcomes [9, 13]. In our analysis, human GLP-1
analogues showed a greater effect on the composite
end point of cardiovascular death, non-fatal MI,
or non-fatal stroke compared to the control group
but exendin-4 analogues did not. Differences in
structure of GLP-1 agonists and subsequent dif-
ferent immunogenicity might be responsible for
the better clinical outcomes in studies using hu-
man GLP-1 analogues than exendin-4 analogues
[35]. Further studies are needed to elucidate how
different molecular structure could affect diverse
cardiovascular outcomes [36].

Limitations of the study

There are several limitations in this study.
First, aggregated study-level data for meta-analysis
was used instead of patient-level data. Therefore,
a further subgroup-level study and quantified cu-
mulative follow-up time for end point events and
safety events could not be investigated. Second,
all of the trial did not use exactly the same defini-
tion of events, inclusion and exclusion criteria.
But most of the definitions of events are very
similar to each other, there would not have been
a significant difference in event discrimination and
there was no significant statistical heterogeneity

among the included studies for analyses. Third,
most of the included studies showed median follow-
-up duration shorter than 4 years. Because risk fac-
tors for CVD is chronic diseases and some of side
effects may occur later over time, there is a strong
need for long-term follow-up. Fourth, this study
lacks evidence for diabetic patients with low cardio-
vascular risk. Most of the included study targeted
diabetic patients with established CVD or high-risk
patients. Until now there is no definite treatment op-
tion about second-line antidiabetic agents improving
cardiovascular outcomes for diabetic patients with
low cardiovascular risk. Finally, this study is not
a direct head-to-head study but compared SGLT-2
inhibitors with GLP-1 agonists indirectly. Despite
being an indirectly comparative study, consistent
results of efficacy and safety outcomes were found
across most of the included studies. Furthermore,
the results of this study add to a growing body of
evidence in the literature aggregating individual
studies that compared SGLT-2 inhibitors and GLP-1
agonist as second-line antidiabetic agents with
conventional therapy.

Conclusions

Both GLP-1 agonists and SGLT-2 inhibitors
showed comparable efficacy in reducing composite
cardiovascular outcomes, mortality, and MI as com-
pared to conventional antidiabetic medications in
patients with type 2 diabetes. Safety analyses of the
included studies revealed increased risk of genital
infections by SGLT-2 inhibitors, and use of GLP-1
agonists were associated with a higher risk of
adverse events leading to medication withdrawal.
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Peripartum cardiomyopathy (PPCM) is a form
of dilated cardiomyopathy with reduced ejection
fraction that affects women late in pregnancy or
the months following delivery [1]. It is a global
disease with various geographical incidence and
previously reported mortality across selected Eu-
ropean centers was 4% at 6-month follow-up and
higher in other continents [2, 3]. In the Danish
population, the incidence of PPCM was 1:10 149
and at 1 year 3.3% had died [4]. The aim of this
study was to examine long-term all-cause mortal-
ity in a Swedish nationwide cohort of patients with
a history of PPCM.

This retrospective observational study in-
cluded all patients who received the diagnosis of
PPCM, International Classification of Diseases,
tenth revision, (ICD-10) code 090.3, in The Swed-
ish National Patient Register for both inpatient and
outpatient specialist care episodes between 1997
and 2014 [5]. This was merged with data from the
Swedish Cause of Death Register for the same
time period. Data were described as frequencies,
percentages, and means including standard devia-
tions (*). The Kaplan-Meier estimator was used
to describe survival. The cumulative incidence of
death was calculated using time to death as the
censoring event; otherwise, total time of follow-up
was used for patients who were still alive. The
software program SPSS version 25 (IBM, Armonk,
NY) was used for analyses.

The sample consisted of 150 patients with the
diagnosis of PPCM. The mean age at diagnosis was
34.6 + 6.3 years and mean follow-up time 5.3 =
+ 4.29 years. Median year at the time of the diagno-
sis was 2010, with an interquartile range of 5 years.

During the study period 5 (3.3%) patients died
from any cause. Kaplan-Meier estimated cumula-
tive incidence of death was at 1-year 2.1%, 3-years
3.2%, 5-years 3.2%, and at 10-years 5.5%. Figure 1
shows a Kaplan-Meier plot of estimated cumula-
tive survival. Out of the 5 deaths, the main cause
of death was cardiovascular disease in 4 cases and
infectious disease in 1 case.

The National Board of Health and Welfare of
Sweden provides data regarding the number of
deliveries for the year 1997 up until 2014 [6]. Using
these data the incidence of PPCM could be calcu-
lated for each year (Fig. 2). There was an increasing
incidence of PPCM per 100,000 deliveries during
the study period, ranging from 1.2 in 1997 up to
22.5 in 2012, likely in part due to improved diag-
nostics and use of the ICD-10 code. In the Danish
registry-based study the incidence was 1 in every
10,149 deliveries during the period 2005-2014 [4],
the incidence in Sweden for the same period was
1in every 11,014 deliveries.

The long-term prognosis of PPCM in the
Swedish setting is good. Nevertheless, PPCM is
a potentially life-threatening condition that re-
quires careful attention in each individual case.
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Figure 1. Kaplan-Meier estimate of cumulative survival for 150 patients with peripartum cardiomyopathy.

2 25/
2
[<F)
=
8
020'
=)
=
=
IS
S
15
o
=
o
2 10
—
o
2
S 9
=)
e
0- ~ ©® ® O — o o =
S o o O O 9 o
S S > © © © © o
= 2 2 &8 & & & &

2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Year

Figure 2. Incidence of peripartum cardiomyopathy (PPCM) diagnosis per 100,000 deliveries in Sweden for the years

1997-2014.

References

1. Bauersachs ], Konig T, van der Meer P, et al. Pathophysiol-
ogy, diagnosis and management of peripartum cardiomyopathy:
a position statement from the Heart Failure Association of the
European Society of Cardiology Study Group on peripartum
cardiomyopathy. Eur J Heart Fail. 2019; 21(7): 827-843, doi:
10.1002/ejhf.1493, indexed in Pubmed: 31243866.

2. Van Veldhuisen DJ, McMurray JJV, Bauersachs J. Clinical pres-
entation, management, and 6-month outcomes in women with
peripartum cardiomyopathy: an ESC EORP registry. Eur Heart J.
2020; 41(39): 3787-3797, doi: 10.1093/eurheartj/ehaad55, in-
dexed in Pubmed: 32840318.

3. Sliwa K, Petrie MC, Hilfiker-Kleiner D, et al. Long-term prog-
nosis, subsequent pregnancy, contraception and overall manage-
ment of peripartum cardiomyopathy: practical guidance paper

510

from the Heart Failure Association of the European Society of
Cardiology Study Group on Peripartum Cardiomyopathy. Eur
J Heart Fail. 2018; 20(6): 951-962, doi: 10.1002/ejhf.1178,
indexed in Pubmed: 29578284.

4. Ersbgll AS, Johansen M, Damm P, et al. Peripartum cardiomyo-
pathy in Denmark: a retrospective, population-based study of
incidence, management and outcome. Eur ] Heart Fail. 2017;
19(12): 1712-1720, doi: 10.1002/ejhf.882, indexed in Pubmed:
28597481.

5. Ludvigsson JE, Andersson E, Ekbom A, et al. External review
and validation of the Swedish national inpatient register. BMC
Public Health. 2011; 11: 450, doi: 10.1186/1471-2458-11-450,
indexed in Pubmed: 21658213.

6. The National Board of Health and Welfare. Retrieved on the 26
of May 2021. https://www.socialstyrelsen.se/statistik-och-data/
statistik/statistikdatabasen/.

www.cardiologyjournal.org


http://dx.doi.org/10.1002/ejhf.1493
https://www.ncbi.nlm.nih.gov/pubmed/31243866
http://dx.doi.org/10.1093/eurheartj/ehaa455
https://www.ncbi.nlm.nih.gov/pubmed/32840318
http://dx.doi.org/10.1002/ejhf.1178
https://www.ncbi.nlm.nih.gov/pubmed/29578284
http://dx.doi.org/10.1002/ejhf.882
https://www.ncbi.nlm.nih.gov/pubmed/28597481
http://dx.doi.org/10.1186/1471-2458-11-450
https://www.ncbi.nlm.nih.gov/pubmed/21658213
https://www.socialstyrelsen.se/statistik-och-data/statistik/statistikdatabasen/
https://www.socialstyrelsen.se/statistik-och-data/statistik/statistikdatabasen/

CLINICAL CARDIOLOGY

vEq

VIA MEDICA

RESEARCH LETTER

Cardiology Journal

2022, Vol. 29, No. 3, 511-513
DOI: 10.5603/CJ.a2021.0153
Copyright © 2022 Via Medica
ISSN 1897-5593

elSSN 1898-018X

Infective endocarditis on transcatheter aortic
prosthesis: Are there differences with endocarditis
on surgically implanted aortic bioprosthesis?
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Transcatheter aortic valve implantation (TAVI)
has been a major advance in the treatment of aortic
stenosis in elderly patients or those at very high
surgical risk, and its indication has been extended
to cases of high or even intermediate risk. For
this reason, its use has increased notably in the
past years [1]. One of the problems associated
with TAVI is bioprosthesis infection [2]. The de-
velopment of infective endocarditis IE) on TAVI
(IETAVI) is a serious complication, with the added
problem that in many cases open-heart surgery is
necessary to manage it. In patients at high baseline
surgical risk, surgery may be contraindicated, or,
in any case, the presence of the supporting stent
makes the surgical procedure more complex. Some
studies have analyzed the incidence of IETAVI,
both in Spain [2, 3] and in other countries [4-6].
They all agree on an annual incidence of approxi-
mately 1.4-1.6% and high mortality, ranging from
41.8% in the Swedish registry of Bjursten et al. [6]
to 47.2% in the Spanish multicenter study by
Amat-Santos et al. [3]. They also agree with regard
to a high mean age of around 80 years, greater
comorbidity (higher incidence of renal failure,
previous cancer, higher Charlson index, etc.), and
the finding of enterococci, Staphylococcus aureus
and coagulase-negative staphylococci as the most
frequent microorganisms involved [2-6].

An aspect that has not been well studied yet is
the possible difference between IETAVI and IE on
surgical aortic valve replacement IESAVR). Three

multicenter registries carried out in different
countries (USA, France and Sweden) [4-6] found
a similar incidence of IE in both groups, but there is
alack of studies that had compared clinical features,
treatment and mortality between these two types
of IE. Only 1 French study, using an administrative
database, has compared mortality between IETAVI
and IESAVR, but without differentiating between
biological and mechanical prostheses [5], finding
no differences between them. Therefore, given the
scarcity of data on this subject, the objective herein,
was to evaluate the incidence and characteristics of
IE on TAVI, as well as its comparison with biologi-
cal IESAVR in our hospital, a center of reference
for cardiac surgery and invasive cardiology in Spain.
For this purpose, two cohorts of patients were
analyzed, including all cases of TAVI (n = 520)
and biological SAVR (n = 652) consecutively im-
planted in our center between 2012 and 2020, and
the incidence of IE is compared in both cohorts,
their clinical characteristics, treatment and early
in-hospital mortality. Non-parametric tests were
used for comparisons (the Pearson exact test for
dichotomous variables and the Mann-Whitney test
for continuous variables). Continuous variables
were expressed as median (interquartile range).
The incidence of IE in the TAVI group (n = 9)
and in the SAVR group (n = 11) was similar (1.56%
in the TAVI group and 1.68% in the surgical group).
Age showed a trend to be higher in the IETAVI
group: 81 (78-82) vs. 72 (70-79) years (p = 0.18).
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Table 1. Characteristics, treatment and early mortality of infective endocarditis in the overall series and

in the two cohorts of patients.

Overall series IETAVI IESAVR P
(n = 20) (n=9) (n =11)
Age [years]* 78 (72-81) 81 (78-82) 72 (70-79) 0.17
Female gender 6 (30%) 4 (44.4%) 2 (18.2%) 0.33
Early infective endocarditis 10 (55%) 6 (75%) 5 (45.5%) 0.18
Causal microorganism: 0.65
Staphylococcus aureus 1 (5%) 1(11.1%) 0 (0%)
Coagulase-negative Staphylococcus 6 (30%) 3 (33.3%) 3(27.3%)
Enterococcus 7 (35%) 2 (22.2%) 5 (45.5%)
Streptococcus viridans 3 (15%) 1(22.2%) 2 (18.2%)
Not identified 3 (15%) 2 (22.2%) 1(9.1%)
Comorbidity and frailty indexes:
Charlson index* 4 (2-7) 6 (4-7) 3 (2-5) 0.04
Frail index* 3 (2-4) 3 (3-4) 2 (2-3) 0.28
Complications:
Any severe complication 19 (95%) 9 (100%) 10 (90.9%) 1
Heart failure 14 (70%) 6 (66.6%) 8 (72.7%) 1
Renal failure 7 (35%) 4 (44.4%) 3(27.3%) 0.64
Persistent infection 13 (65%) 6 (66.6%) 7 (63.6%) 1
Prosthetic dysfunction 9 (45%) 3(33.3%) 6 (54.5%) 0.64
Surgical indication: 13 (65%) 5 (55.5%) 8 (72.7%) 0.64
Operated 8 (62.5%) 2 (40%) 6 (75%) 0.23
Not operated 5 (38.5%) 3 (60%) 2 (25%)
Type of surgery (on operated cases): 0.37
Emergent/urgent 3 (37.5%) 1 (50%) 2 (33.3%)
Elective 5 (62.5%) 1 (50%) 4 (66.6%)
In-hospital death 8 (40%) 4 (44.4%) 4 (36.4%) 1

*Median (interquartile range); IETAVI — infective endocarditis on transaortic valve implantation; IESAVR — infective endocarditis on surgical

aortic valve replacement

Frailty, measured by the Frail scale, was similar
in both groups: 3 (3-4) vs. 2 (2-3) (p = 0.28).
Comorbidity, measured by the Charlson index,
was significantly higher in the EITAVI group:
6 (4-7)vs.3(2-5) (p = 0.04). There was a slight pre-
dominance of women and of early prosthetic IE in
the TAVI group (Table 1). There were no differences
between the two groups regarding causal microor-
ganisms (Table 1), being the most frequent coagu-
lase-negative staphylococci in IETAVI, 37.8% of the
total, and enterococci in IESAVR, 45.5% (p = 0.65).
The incidence of severe complications was very
high, although similar in both groups (TAVI 88.9%,
SAVR 90.9%), as was the incidence of the differ-
ent specific complications, as shown in Table 1.
Regarding treatment, there was an indication for
surgery, in accordance with the clinical practice

guidelines of the European Society of Cardiology,
in the same proportion of patients: 62.5% of the
IETAVI group and 72.7% of the IESAVR group
(p = 0.64). However, 5 of the 13 patients (38.5%)
with an indication for surgery did not undergo sur-
gery due to contraindications or very high surgical
risk, and this proportion of patients who did not un-
dergo surgery was numerically higher in the IETAVI
group, 60% vs. 25% of the IESAVRs (p = 0.234).
In operated cases, the proportion of emergent/
/urgent and elective indications was similar in both
groups (Table 1). Early in-hospital mortality within
the active phase of the disease was high (40% in
the overall series), but was similar in both groups
(44.4% in IETAVI and 36.4% in IESAVR; Table 1).
All deaths were related to endocarditis, except 1 of
the 4 in the TAVI group, that was due to pneumonia.
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From the data in the present series, with the
limitation of a small sample size, inherent to the
low frequency of this type of IE and the single-
-center nature of the study, it can be concluded
that the incidence of IE on TAVI is infrequent and
similar to that of surgical bioprosthetic IE, and that,
despite a worse risk profile (older age, comorbidity,
earlier prosthetic IE, and less surgery performed in
indicated cases), the incidence of serious complica-
tions and their mortality are similar. This reinforces
using TAVI as an aortic valve substitution therapy
in elderly or high-risk patients.
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Dilated cardiomyopathy (DCM) is a common
cause of heart failure, which may be associated
with electrical conduction disturbances and life-
-threatening arrhythmias. Its etiology is reported
to be genetic in up to 65% of cases. Transient
receptor melastatin 4 channel (TRPM4) is a Ca**-
-activated transmembrane non-selective cation
channel. TRPM4 contributes to the depolarization
of excitable cells in the myocardium by changing
the frequency and duration of action potentials by
influencing the Ca*" influx [1]. Genetic variants in
TRPM4 have been linked to inheritable conduction
diseases (congenital atrioventricular node block
and right bundle branch block) and Brugada syn-
drome, suggesting that this ion-channel may play
a role in electrical propagation [2]. Furthermore,
an association with systemic arterial hypertension
and left ventricular hypertrophy has been described
in animal models [3, 4]. A recent study has also
reported a TRPM4 variant to be associated with
DCM [5].

We herein describe a family with a novel,
likely pathogenic, heterozygous variant (class IV)
in the TRPM4 gene presenting with conduction
disorders, DCM, and sudden cardiac death (SCD).

A 40-year-old Caucasian male was admitted
to our department due to progressive malaise and
exertional dyspnea. He was diagnosed to have

congestive heart failure (New York Heart Associa-
tion [NYHA] III). Twelve-lead electrocardiogram
(ECG) showed a complete left bundle branch block
(LBBB) (Fig. 1, upper left panel), and transthoracic
echocardiography revealed a severely dilated left
ventricular (LV) end-diastolic volume index of
110 mL/m? normal LV wall thickness (7 mm), and
severely reduced LV ejection fraction (17%). Car-
diac magnetic-resonance (CMR) imaging excluded
ischemic heart disease but revealed septal edema
(T2-weighted imaging showing hyperintensity;
Fig. 1, upper middle panel). Serum high-sensitiv-
ity troponin assays and C-reactive protein levels
were normal. Cardiac 18-FDG PET-CT scanning
excluded active myocarditis and cardiac sarcoido-
sis. Further work-up was unremarkable, and the
diagnosis of DCM was established.

The patient had a past medical history of Hodg-
kin’s lymphoma, for which he received 6 cycles of
chemotherapy with doxorubicin, bleomycin, vin-
blastine, and dacarbazine 7 months prior. Cumula-
tive dose of doxorubicin was 600 mg (300 mg/m®).
A 12-lead ECG prior to initiation of chemotherapy
had already shown a complete LBBB, but the pa-
tient reported no signs of congestive heart failure.

The family history was remarkable. The daugh-
ter of a first-degree male cousin had suffered SCD
at the age of 7 years. Autopsy findings revealed
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Figure 1. Top left panel showing electrocardiogram of presented patient with a left bundle-branch block (LBBB). Top
central panel showing a cardiac magnetic resonance imaging and a four-chamber view with a dilated left ventricle.
Bottom left panel showing the family tree of the presented patients. Asterisk marks the presented patient; arrow marks
the index patient. Black filled circles and boxes present patients with a cardiac phenotype; red diagonal lines in circles
present patients with early-onset hypertension. Genotype is shown below the respective circles and boxes. Equal
sign indicating wild type. Right panel showing description of genotypically positive family members; DCM — dilated
cardiomyopathy; CRT-D — cardiac resynchronization therapy plus defibrillator; ICD — implantable cardioverter-
defibrillator; PM — pacemaker; SCD — sudden cardiac death.

the presence of DCM. Molecular autopsy was
refused by her parents. Genetic testing was per-
formed in her sister at the age of 17 years following
a syncopal episode and suspected hypertrophic
cardiomyopathy. Next-generation sequencing,
which covered a cardiomyopathy panel of 31 genes
using the HiSeq2500 Illumina system (ACTC1,
ACTN2, ANKRD1, CALR3, CAV3, CSRP3, FHL1,
GLA, JPH2, LAMP2, LDB3, MYBPC3, MYHS6,
MYH?7, MYL2, MYL3, MYLK2, MYOZ2, MYPN,
NEXN, PLN, PRKAG2, TCAP, TNNC1, TNNI3,
TNNT2, TPM1, TTN, TTR, VCL, and TRPM4),
revealed a novel heterozygous variant in the
TRPM4 gene (c.448G>T; p.Gly150* — transcript:
NM 017636.3), classified as likely pathogenic
(class IV) according to the 2015 American College
of Medical Genetics Criteria [6]. Although most of
the variants in the TRPM4 gene lead to channel
gain of function, there are some loss of function
missense variants reported that are associated
with cardiovascular disease [7, 8]. This nonsense
mutation leads to a premature stop codon, but the
variant affects the last nucleotide in exon 4 and

is predicted to cause the loss of the neighboring
splice donor site (SpliceAl score 0.878) [9]. Both
aberrant splicing and the stop mutation likely
lead to nonsense-mediated mRNA-decay. Cascade
screening revealed several relatives with conduc-
tion disease, atrial arrhythmias, or SCD in this
family (Fig. 1, lower left and right panels), and this
TRPM4 variant co-segregated with the phenotype
in this family, suggesting a Mendelian autosomal-
dominant inheritance with variable penetrance.
Based on these criteria, the pathogenicity of this
variant is likely. Of note, a variable phenotypic
expression and incomplete penetrance is a well-
-known entity in inherited cardiomyopathies, which
likely explains the findings in this family.

The same heterozygous variant in TRPM4
was confirmed in our patient by genetic cascade
screening. We must consider that chemotherapy
for lymphoma may have contributed to the DCM
phenotype in this patient. Doxorubicin therapy
may frequently lead to toxic cardiomyopathy in
a dose-dependent manner. Nevertheless, this
patient had a preexisting LBBB, suggesting the
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presence of a prior heart condition. Unfortunately,
cardiac imaging had not been performed prior to
initiation of chemotherapy.

It is possible that cardiotoxic chemotherapy
could act as a second hit in our patient, who has
a genetic predisposition for DCM. Garcia-Pavia et
al. [10] investigated a patient cohort with a history
of chemotherapy-induced cardiomyopathy. After
genotyping 213 patients who underwent chemo-
therapy predominantly with anthracyclines, they
found a significantly higher rate of titin (TTN)
truncating variants in patients with cardiomyopa-
thy as compared to those without cardiomyopathy.
This finding may suggest a genetic predisposition
to develop chemotherapy-induced cardiomyopathy.

A limitation to our finding is the lack of func-
tional studies that would support the pathogenicity
of the described variant.

In conclusion, we describe a novel, likely
pathogenic, heterozygous variant in the TRPM4
gene affecting a family over 4 generations being
associated with a phenotype of conduction disease,
atrial arrhythmias, DCM, and SCD.

Acknowledgments

We would like to thank Robert Manka from
the Department of Radiology, University Hospital
Zurich, Switzerland for providing the cardiac mag-
netic resonance images of the described patient.

Conlflict of interest: Stephan Winnik reports edu-
cational grant support and/or travel support and/
/or consulting/speaker fees from Servier, Daichi-
-Sankyo, Boehringer-Ingelheim, Abbott, Bayer,
Fehling Instruments, Cardinal Health, and Boston-
-Scientific, all not relevant to this article. Andreas
J. Flammer reports fees from Alnylam, Astra-
Zeneca, Bayer, Boehringer Ingelheim, Bristol
Myers Squibb, Fresenius, Medtronic, MSD, Mundi-
pharma, Novartis, Pfizer, Pierre Fabre, Roche,
Vifor, and Zoll, all not relevant to this article. Firat
Duru and Ardan M. Saguner received educational
grants through their institution from Abbott, Bayer
Healthcare, Biosense Webster, Biotronik, Boston
Scientific, BMS/Pfizer, Zoll, and Medtronic.
Ardan M. Saguner received speaker fees from
Bayer Healthcare, BMS/Pfizer, and Daichi-Sankyo.
Hereceived educational grants through his institution

from Abbott, Biosense Webster, Biotronik, Boston
Scientific, and Medtronic. Boldizsar Kovacs, Sarah
Costa, Saskia Biskup, Guan Fu, Felix C. Tanner,
Argelia Medeiros-Domingo, and Frank Ruschitzka:
None declared.

References

1. Launay P, Fleig A, Perraud AL, et al. TRPM4 is a Ca2+-ac-
tivated nonselective cation channel mediating cell membrane
depolarization. Cell. 2002; 109(3): 397-407, doi: 10.1016/s0092-
8674(02)00719-5, indexed in Pubmed: 12015988.

2. Stallmeyer B, Zumhagen S, Denjoy I, et al. Mutational spectrum
in the Ca(2+)-activated cation channel gene TRPM4 in patients
with cardiac conductance disturbances. Hum Mutat. 2012;
33(1): 109-117, doi: 10.1002/humu.21599, indexed in Pubmed:
21887725.

3. Mathar I, Vennekens R, Meissner M, et al. Increased catecho-
lamine secretion contributes to hypertension in TRPM4-defi-
cient mice. J Clin Invest. 2010; 120(9): 3267-3279, doi: 10.1172/
JCI41348, indexed in Pubmed: 20679729.

4. Demion M, Thireau J, Gueffier M, et al. Trpm4 gene invalida-
tion leads to cardiac hypertrophy and electrophysiological al-
terations. PLoS One. 2014; 9(12): €115256, doi: 10.1371/journal.
pone.0115256, indexed in Pubmed: 25531103.

5. Forleo C, D’Erchia AM, Sorrentino S, et al. Targeted next-gen-
eration sequencing detects novel gene-phenotype associations
and expands the mutational spectrum in cardiomyopathies. PLoS
One. 2017; 12(7): e0181842, doi: 10.1371/journal.pone.0181842,
indexed in Pubmed: 28750076.

6. Richards S, Aziz N, Bale S, et al. ACMG Laboratory Quality As-
surance Committee. Standards and guidelines for the interpreta-
tion of sequence variants: a joint consensus recommendation
of the American College of Medical Genetics and Genomics
and the Association for Molecular Pathology. Genet Med. 2015;
17(5): 405-424, doi: 10.1038/gim.2015.30, indexed in Pubmed:
25741868.

7. Syam N, Chatel S, Ozhathil LC, et al. Variants of transient re-
ceptor potential melastatin member 4 in childhood atrioven-
tricular block. J] Am Heart Assoc. 2016; 5(5), doi: 10.1161/
JAHA.114.001625, indexed in Pubmed: 27207958.

8. Xian W, Hui X, Tian Q, et al. Aberrant deactivation-induced gain
of function in TRPM4 mutant is associated with human cardiac
conduction block. Cell Rep. 2018; 24(3): 724-731, doi: 10.1016/j.
celrep.2018.06.034, indexed in Pubmed: 30021168.

9.  Jaganathan K, Kyriazopoulou Panagiotopoulou S, McRae JF et al.
Predicting splicing from primary sequence with deep learning.
Cell. 2019; 176(3): 535-548.e24, doi: 10.1016/j.cell.2018.12.015,
indexed in Pubmed: 30661751.

10. Garcia-Pavia P, Kim Y, Restrepo-Cordoba MA, et al. Genetic
variants associated with cancer therapy-induced cardiomyopathy.
Circulation. 2019; 140(1): 31-41, doi: 10.1161/CIRCULATIO-
NAHA.118.037934, indexed in Pubmed: 30987448.

516 www . cardiologyjournal.org


http://dx.doi.org/10.1016/s0092-8674(02)00719-5
http://dx.doi.org/10.1016/s0092-8674(02)00719-5
https://www.ncbi.nlm.nih.gov/pubmed/12015988
http://dx.doi.org/10.1002/humu.21599
https://www.ncbi.nlm.nih.gov/pubmed/21887725
http://dx.doi.org/10.1172/JCI41348
http://dx.doi.org/10.1172/JCI41348
https://www.ncbi.nlm.nih.gov/pubmed/20679729
http://dx.doi.org/10.1371/journal.pone.0115256
http://dx.doi.org/10.1371/journal.pone.0115256
https://www.ncbi.nlm.nih.gov/pubmed/25531103
http://dx.doi.org/10.1371/journal.pone.0181842
https://www.ncbi.nlm.nih.gov/pubmed/28750076
http://dx.doi.org/10.1038/gim.2015.30
https://www.ncbi.nlm.nih.gov/pubmed/25741868
http://dx.doi.org/10.1161/JAHA.114.001625
http://dx.doi.org/10.1161/JAHA.114.001625
https://www.ncbi.nlm.nih.gov/pubmed/27207958
http://dx.doi.org/10.1016/j.celrep.2018.06.034
http://dx.doi.org/10.1016/j.celrep.2018.06.034
https://www.ncbi.nlm.nih.gov/pubmed/30021168
http://dx.doi.org/10.1016/j.cell.2018.12.015
https://www.ncbi.nlm.nih.gov/pubmed/30661751
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.037934
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.037934
https://www.ncbi.nlm.nih.gov/pubmed/30987448

INTERVENTIONAL CARDIOLOGY

vEq

VIA MEDICA

IMAGE IN CARDIOVASCULAR MEDICINE

Cardiology Journal

2022, Vol. 29, No. 3, 517-518
DOI: 10.5603/CJ.2022.0037
Copyright © 2022 Via Medica
ISSN 1897-5593

elSSN 1898-018X

Left atrial dissection due to massive
atrioventricular separation following
a redo mitral valve replacement

Ziming Zhang"**®, Yuman Li
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Huazhong University of Science and Technology, Wuhan, China

*Hubei Province Key Laboratory of Molecular Imaging, Wuhan, China

A 55-year-old man with severe mitral valve
regurgitation was admitted to our hospital and was
scheduled for mitral valve replacement (MVR). He
had undergone a Bentall surgery 3 years earlier
due to aortic dissection. MVR with mechanical
prosthetic valve was performed. Three days after
surgery, hemoglobinuria was noticed. Bedside
transthoracic echocardiography (TTE) showed
a severe peri-prosthetic mitral leak and an emer-
gency surgery of a redo MVR with mechanical
prosthetic valve was performed. Post-bypass
transesophageal echocardiography confirmed pros-
thetic valve with normal function. On postoperative
day 5, acute hemodynamic deterioration occurred.
His oxygen saturation was 88%, blood pressure
was 85/43 mmHg. Bedside TTE revealed a se-
vere atrioventricular disruption causing left atrial
(LA) dissection (Fig. 1A, Suppl. Video 1). There

was a markedly rocking motion of the mechanical
mitral valve. Color flow Doppler imaging showed
that the dissected cavity directly communicated
with left ventricle via a massive atrioventricular
separation, through which it received blood during
left ventricular systole. In addition, the dissected
cavity also communicated with the true left atrium
through a 9-mm defect (Fig. 1B). With the use of
a three-dimensional TTE, the dissected LA wall
was displayed intuitively and the extent of atrio-
ventricular separation was more readily appreci-
ated (Fig. 1C, D). Patient died due to low cardiac
output on the 6™ day after surgery.

Left atrial dissection is an extremely rare
complication after mitral valve surgery with an
incidence of 0.84%. We report a rare case of LA
dissection due to severe atrioventricular separation
after a redo MVR.
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Figure 1. A. Bedside transthoracic echocardiography (TTE) revealing a severe atrioventricular disruption and left atrial
dissection (arrows) in the apical 4-chamber view; B. Color Doppler imaging shows that the dissected cavity directly
communicated with left ventricle via a massive atrioventricular separation. The dissected cavity also communicated
with true left atrium through a 9-mm defect (arrow); C. Three-dimensional TTE intuitively displaying the dissected
left atrium wall; D. Three-dimensional TTE from the left ventricular perspective showing the extent of atrioventricular
separation (9.3 cm?); LA — left atrium; LV — left ventricle; RA — right atrium; RV — right ventricle.
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Surgical electrocautery and balloon atrial
septostomy facilitated MitraClip in ring

Alexandru 1. Patrascu', Donat Binder', Marco Goldbach?, Ilka Ott!

"Department of Cardiology, Helios Klinikum, Pforzheim, Germany
’Abbott Medical, Wiesbaden, Germany

An 81-year-old patient, who had undergone
mitral valve annuloplasty 1 year prior, was admit-
ted with pulmonary edema, attributed to residual
high-grade mitral valve regurgitation (MR) (Fig.
1A, B). Due to high surgical risk and hemodynamic
instability the Heart Team decided on percutaneous
repair (“Clip-in-Ring” treatment).

The MitraClip® G4 system was preferred but
periprocedural difficulties were expected: mean
valve gradient of 4 mmHg, short posterior leaflet
of 7 mm and especially past history of double-layer
pericardial patch implantation for atrial septal de-
fect II closure (Synovis Peri-Gourd®).

After obtaining access to the right atrium, the
Brockenbrough needle caused typical tenting at
the level of the fossa ovalis, now covered by the
pericardial patch. Successful puncture was pos-
sible only after connecting the needle to a surgi-
cal electrocautery. After placing a stiff wire in the

left upper pulmonary vein (Fig. 1C) the MitraClip
delivery system (25F) could not pass through the
interatrial septum (IAS). An unconventional sep-
tostomy of the IAS was performed by angioplasty
using conventional peripheral balloons (Fig. 1D)
with incremental diameters up to 9.0 mm.

Upon system advancement, placement of
a NTW Clip was finally possible (Fig. 1E). Trans-
mitral mean gradient did not rise and adequate
leaflet tissue grasping was confirmed. A signifi-
cant reduction to mild MR was obtained (Fig. 1F)
and merely a trivial left-to-right shunt of IAS was
noticed. Extubation was performed in the cath lab
and discharge occurred 3 days later.

This case highlights the need for thorough
procedural planning of percutaneous MR repair.
Electrocautery of IAS and septostomy are bail-out
techniques that can be used to gain access to the
left atrium (Suppl. Video 1).
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Figure 1. Electrocautery and septostomy facilitated MitraClip in ring; A. Baseline transesophageal echocardiography
(TEE) bi-plane view depicting mitral valve (MV) ring position and leaflet tethering; B. Baseline three-dimensional TEE
anatomical MV view demonstrating high-grade mitral regurgitation (MR); C. Fluoroscopy showing successful cross-
ing of the fossa ovalis and positioning of a 0.035” wire in the left upper pulmonary vein; D. Balloon atrial septostomy
facilitating advancement of the MitraClip delivery system; E. Positioning of the NTW Clip between P2/A2 scallops;
F. Final result showing only trivial MR; LA — left atrium; RA — right atrium; Green arrow indicates the Clip; Orange
star depicts MV ring position.
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Shockwave intracoronary lithotripsy
for the treatment of calcium-mediated
undilatable in-stent restenosis

Michat Kuzemczak"*®, Tomasz Pawlowski', Robert Gil'

"Department of Invasive Cardiology, Central Clinical Hospital of the Ministry

of Interior and Administration, Warsaw, Poland

’Chair of Emergency Medicine, Department of Medical Rescue,

Poznan University of Medical Sciences, Poznan, Poland

Stent underexpansion due to calcifications
is a predictor of stent failure and adverse clini-
cal outcomes. Intravasular lithotripsy (IVL) has
proved to be effective in dilating calcified de novo
coronary lesions, but indications for the technique
are expanding.

A 56-year-old man was scheduled for per-
cutaneous coronary intervention due to severely
calcified in-stent restenosis (ISR) in a bifurcation
dedicated drug-eluting stent (DES) BiossLimC
3.5/4.25/24 mm which had been implanted 2 years
prior into the left main/left anterior descending
artery (LM/LAD) with a suboptimal result (residual
stenosis of 50% in the proxLAD due to calcificati-
tons). As confimed during the present admission,
the lesion progressed (90% calcified ISR) (Fig. 1A)
and was unsuccessfully dilated with non-compliant
balloon (NCB) inflations (Fig. 1B). Advancement
of intavascular ultrasound catheter to interrogate
the lesion was unsuccessful. Considering the pre-

sence of severe calcifications, calcium deposits
covered by the previously implanted stent and
angiographically visible calcifications in the outer
layers of the vessel, we elected to use IVL. IVL
balloon (Shockwave 3.5/12 mm) was positioned and
inflated within the lesion in the proxLAD (4 atm).
Then, 80 shockwave pulses were delivered with
a subsequent pressure increase (6 atm). The “dog-
-boning* effect (Fig. 1B) which had been observed
during NCB inflations dissapeared (Fig. 1C) and
the lesion was re-dilated with NCBs (NC Emerge
3.5/12 mm, Pantera Leo 3.75/12 mm). Subsequent-
ly, DES (Orsiro 3.5/13 mm) was implanted (Fig. 1D)
and post-dilated with a NCB (Pantera Leo 3.75/
/12 mm). A satisfactory angiographic result was achie-
ved (Fig. 1E) with good expansion/apposition of the
stent, and achievement of Kang’s criteria (Fig. 1F).
The present case implies that IVL is an effec-
tive modality for undilatable ISR caused by stent
underexpansion secondary to calcifications.
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Figure 1. Procedural steps of the procedure; A. A baseline left coronary angiograpy demonstrating calcified in-stent
restenosis in the ostium of the left anterior descending artery (LAD); B. Predilatation of the target lesion with a non-
-compliant balloon with a “dog-boning” effect; C. An inflated intravasular lithotripsy balloon demonstrating lack of
“dog-boning” effect following 80 shockwave pulses; D. Stent implantation in the proxLAD; E. Final angiographic
result; F. Final intavascular ultrasound assessment (lumen area 7.4 mm?).
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Fish bone or calcification of arterial ligament?
Meng Zhao, Jingxin Zhou, Yihu Tang, Xiang Liu, Yanhu Wu

Department of Cardiovascular Surgery, Nanjing Medical University

First Affiliated Hospital, Nanjing, Jiangsu, China

A 34-year-old woman was admitted to the
documented hospital for backache. She had swal-
lowed a fishbone 3 days prior, and nothing could
be found by gastroscopy in a local hospital. After
admission, a computed tomography (CT) was
performed, a high-density shadow could be seen
beneath the arcus aortae (Fig. 1A). The “fishbone”
was so close to the aorta and pulmonary artery that
an emergency operation was performed to prevent
the possibility of rupture.

After surgery, the patient felt the backache
disappear. Before discharge, a CT was performed
again and the high-density shadow had disappeared
when compared with the previous picture (Fig. 1B).
Five days later, a pathological examination showed
calcification of cartilage. But, strangely, as a foreign
body, inflammatory cells could not be found around

the “fishbone” (Fig. 1C). Considering the position
and pathological result of the “fishbone”, another
possibility came to mind: calcification of arterial
ligament (CAL). For further conformation, a blood
sample and pathological section was sent to the
Academy of Forensic Science for DNA sequencing
after acquiring permission from the patient. 16 loci
(D3S1358, D1S1656, D651043, D13S317, D16S539,
D18S51, D251338, THO1, vWA, D75820, D5S818,
TPO0X, D8S1179, D12S391, D195433, Amelogenin)
were exactly the same in 2 samples and 5 loci (Penta
E, CSF1P0, Penta D, D21S11, and FGA) could not be
detected in the pathological section (Suppl. Fig. 1).

In conclusion, an eye should be kept on
CAL when handling an emergency esophageal
foreign body based on the lesson learned from
this case.
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Figure 1. A. A high-density shadow could be seen before surgery; B. The high-density shadow disappeared after
surgery; C. Pathology showed calcification of cartilage.
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The coherent module use for mapping
of atypical atrial flutter
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In 2018, a 75-year-old woman after circum-
ferential pulmonary vein isolation with radiofre-
quency (RF) substrate modification and cavotri-
cuspid isthmus ablation was referred for catheter
re-ablation due to persistent atrial flutter (AFI).
Because of electrophysiological study results,
including entrainment pacing, activation mapping
of atypical AFI with cycle length of 260 ms was
performed in the left atrium as a first. Usage of
multielectrode high-density mapping catheter
(PentaRay; Biosense Webster Inc., CA, USA)
and the new CARTO PRIME coherent mapping
module (CARTO3 version 7, Biosense Webster
Inc., CA, USA) revealed a critical isthmus on

a previously performed septal line (Fig. 1A). First
RF applications (30-35 W) delivered by 3.5-mm
irrigated tip ablation catheter (SmartTouch SE
Biosense Webster Inc., CA, USA), terminated AF1
successfully (Fig. 1B, Suppl. Video 1). Achieving
of the bidirectional block of the septal line was
confirmed by site pacing maneuvers. No further
atrial arrhythmia was inducible. The patient had
no symptoms during 3-month follow-up.

The coherent activation mapping seems to
be valuable tool in daily practice and may simplify
the acquisition of electro-anatomical mapping of
complex arrhythmia and also reduce the ablation
time required for arrhythmia termination.
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Figure 1. Coherent activation mapping of left atrium; A. Mapping catheter revealed critical isthmus on previously
performed septal line (left side), bipolar voltage mapping (right side); B. Completed septal line and termination of the
arrhythmia.
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Apical left ventricular pseudoaneurysm:
Diagnosis by multimodal cardiac imaging
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A 63-year-old woman with a history of perma-
nent atrial fibrillation and mitral valve replacement
with a mechanical prosthesis underwent outpatient
cardiac catheterization due to repeated atypical
chest pain. Coronary angiography showed no coro-
nary stenosis, but ventriculography showed focal
dilatation of the ventricular wall at the apical level
(Fig. 1, A: Systole, B: Diastole), not described in
previous imaging studies. Transthoracic echocar-
diography showed a short-necked, non-contractile
saccular image, located at the apex of the left ventri-
cle (Fig. 1C, D). No wall motion abnormalities were
observed. The observed wide neck suggested the
diagnosis of aneurysm, but a cardiac magnetic reso-
nance showed a lack of continuity in the muscular
layer, and a late gadolinium uptake circumscribed
to the adjacent epicardial region (Fig. 1E, F).
Thus, a diagnosis of ventricular pseudoaneurysm

was established, confirmed by the findings of
a cardiac computed tomography (Fig. 1G, H).

The interest of this case lies on the differ-
entiation between true ventricular aneurysm
and pseudoaneurysm, and about their etiology.
Among the causes of pseudoaneurysm, the most
frequent is a contained cardiac rupture in acute
myocardial infarction.This was ruled out in the
present case by the absence of coronary artery
disease or myocardial contractility defects. Other
more uncommon causes are infective endocarditis,
thoracic trauma, congenital diverticula, cardiac sur-
gery (for instance, the use of a transapical dilator
for mitral valve commissurotomy) or an embolic
myocardial infarction involving the most apical
segments of left anterior descendent artery. The
latter being a plausible hypothesis in a patient with
a mechanical mitral prosthesis.
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Figure 1. Multimodality cardiovascular imaging showing apical left ventricular pseudoaneurysm in the patient;
A, B. Contrast invasive ventriculography: left (A) and right (B) anterior oblique views, revealing a small protrusion in
the apical segment of myocardial wall. Mitral prosthetic valve was also noticed; C, D. Two-dimensional transthoracic
echocardiogram without (C) and with contrast (D) showing the apical protrusion; E, F. Cardiac magnetic resonance:
massive left atrial dilatation with a ventricular wall-defect at the apex of the left ventricle (E), and epicardial late gado-
linium enhancement (F); G, H. Gated computed cardiac tomography in sagittal view (G) and after three-dimensional
reconstruction (H) showing the same findings.
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Early detection of cardiac involvement
of desminopathy by cardiovascular
magnetic resonance
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A 42-year-old man presented with loss of
muscle strength and aching in the calves. Skeletal
muscle biopsy of anterior tibial muscle showed
a myofibrillar myopathy with increased endo- and
perimysial connective tissue, centralized myonu-
clei, and intracellular rimmed vacuoles (Fig. 1C, D).
Molecular genetic analysis detected classic
R350P-desmin gene mutation, causing an autoso-
mal-dominant desminopathy.

Cardiac examinations were performed. Trans-
thoracic echocardiogram was unremarkable with
normal biventricular function, electrocardiogram
revealed a slightly prolonged PQ-time but no pro-
nounced arrhythmia.

Cardiovascular magnetic resonance showed no
late-gadolinium-enhancement. Pre- and postcon-
trast T1-mapping was performed using modified
look-locker-inversion-sequence (MOLLI, Myo-
maps, Siemens healthineers). T1-relaxation-times
were located in the upper normal range with values
between 940 and 1000 ms. Extracellular volume

fraction (ECV) was calculated by using T1-map pre
and post contrast. The patient’s hematocrit was mea-
sured on the examination day. ECV-maps (Fig. 1A)
and polarmaps (Fig. 1B) were generated to visualize
ECV results in left ventricular myocardial segments.
ECV ranged between 25.1% and 34.7% (normal
up to 29%) in the different cardiac segments, with
higher values in the apical myocardium. As these
findings are compatible with the myopathological
changes of increased deposit of connective tissue in
the endo- and perimysium, these are suspicions for
early stage of cardiac involvement in desminopathy.
Cardiac magnetic resonance proved to be a sensi-
tive diagnostic tool for early cardiac involvement in
desminopathy, which have not yet been revealed by
other non-invasive methods.

Desminopathies belong to a genetically het-
erogeneous group of disorders named myofibrillar
myopathies, which might be caused by mutations
in the desmin gene, but may also affect other ad-
jacent genes.
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Figure 1. Cardiac and skeletal muscle involvement in autosomal-dominant desminopathy. Cardiac magnetic reso-
nance imaging: Extracellular volume map (A); polarmap (B). Skeletal muscle biopsy: hematoxylin and eosin stain (C)
and van Gieson stain (D).
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Post-COVID-19 postural orthostatic
tachycardia syndrome
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Since the beginning of the pandemic, severe
acute respiratory syndrome coronavirus 2 (SARS-
-CoV-2) has faced a significant threat healthcare
systems and medical professionals [1]. Despite
the current pandemic and recent considerable
increases in the incidence and hospitalizations
linked with the Omnicron BA.2, patients with
a history of coronavirus disease 2019 (COVID-19)
who suffer post-COVID-19 complications should
be given additional attention. It is known that as
a result of post-COVID-19 syndrome, patients
struggle with a number of cardiac complications,
such as myocarditis and progressive damage to
the heart muscle [2]. People recovering from
the COVID-19 sometimes show symptoms of
a condition called postural orthostatic tachycardia
syndrome (POTS). Typical arrhythmias occur in
COVID-19 and long-term COVID-19 has been
linked to tachycardia, with 25-50% of patients at
a tertiary post-COVID-19 multidisciplinary team
clinic experiencing persistent tachycardia or pal-
pitations [3, 4]. It is unknown how many people
worldwide suffer with long-COVID-19. However,
according to one research roughly 43% of patients
who tested positive for COVID-19, and more than
half of those who got inpatient care for this con-
dition, developed long-COVID-19 [5]. However,
POTS is not a direct cardiac condition, but a neu-
rological disorder that affects a component of the
nervous system that controls heart rate and blood
flow. POTS can cause the heart to beat rapidly

when standing from a reclining position, causing
symptoms such as brain fog, fatigue, palpitations,
dizziness, shortness of breath and other issues.
A range of diseases, including viral or bacterial
infections, can cause POTS. Because an increasing
number of patients who recovered from COVID-19
are now reporting POTS-like symptoms including
brain fog, tachycardia and severe chronic fatigue,
some experts believe coronavirus may be a trigger
for POTS. More and more studies provide us with in-
formation on POTS patients with long-COVID-19[6].
According to studies, the prevalence of ortho-
static hypotension with long-COVID-19 might
range from 10% to 41% [7, 8]. The mechanism of
POTS is unknown, although research is continuing
to find the most likely reasons. People with POTS
have platelet storage pool shortage, according to
Gunning et al. [9], which is connected to symptoms
including nosebleeds, dysmenorrhea, easy bruis-
ing, and anemia. It was also shown that persons
with POTS have higher inflammatory biomarkers,
all of which might indicate a chronic inflammatory
condition. The presented conditions, especially
inflammatory markers, could be associated with
a cytokine storm during COVID-19 [9]. POTS
affected an estimated 1-3 million persons in the
United States, well before the pandemic, accord-
ing to data published by the group Dysautonomia
International. Although it is unknown how many
more patients are seeking care as a result of
COVID-19 than they were before the pandemic,
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American Autonomic Society statement reports
suggest a sharp rise in instances, the majority of
which are linked to long-COVID-19 [10]. These
data suggest that POTS may be significantly related
to COVID-19. POTS is an incurable condition, thus
understanding its link with COVID-19 is critical if
we are to protect people against it. At the moment,
the sole treatment for POTS is conservative treat-
ment, which includes exercise programs, avoid-
ing triggers, high fluid and salt intake, wearing
compression stockings, and engaging in cognitive
behavioral therapy. At present, the only goal of
pharmacological interventions is to correct physi-
ological parameters. Further research is needed on
the pathomechanism of POTS and the relationship
between POTS and COVID-19 and long-COVID-19
in order to protect patients against the disease. In
clinical practice, special attention should also be
paid to post-COVID-19 patients in order to detect
possible POTS, which, as reported during the
COVID-19 pandemic, is becoming more frequent.
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Since the beginning of the pandemic, severe
acute respiratory syndrome coronavirus 2 (SARS-
-CoV-2) has posed a serious threat to the health care
system and medical personnel, but the fight against
the pandemic itself will not end our struggle with
complications that will arise in patients struggling
with long-COVID-19 and the post-COVID-19 syn-
drome [1]. Research among people hospitalized for
COVID-19 shows that 32.6% to 87.4% of patients
still reported at least one symptom that persists
after several months [2]. COVID-19 can cause diffi-
culties even with a mild or moderate course. Long-
-COVID-19 occurs in non-hospitalized individuals
roughly 6-9 months after infection, according to
Hamburg Doctors’ observations. The alterations
are obvious in multiple physiological systems,
with the heart, blood vessels, lungs, and kidneys
being the most affected. There was a trend toward
greater localized cardiac fibrosis in the circulatory
system, but no edema was seen. The ventricles of
the heart showed more severe alterations. In the
left ventricle, a slightly reduced ejection fraction,
accompanied by a higher concentration of cardiac
biomarkers, reflecting little myocardial involve-
ment. On the other hand, in the right ventricle,
the systolic fraction was assessed as significantly
reduced. In the long run, even a little deterioration
in left ventricular function and a rise in N-terminal
pro-B-type natriuretic peptide (NT-proBNP) con-
centration increases the risk of mortality in the

general population. To minimize untreated cardiac
impairment, NT-proBNP testing following recov-
ery from COVID-19 may be advised, followed by
echocardiographic surveillance if increased levels
are seen. In the case of blood vessels, “incompress-
ible” femoral veins were found, suggesting a sig-
nificantly higher incidence of deep vein thrombosis
in study participants after SARS-CoV-2 infection.
Changes in the kidneys were also seen, as demon-
strated by higher creatinine and cystatin C levels,
as well as lower sodium and potassium levels. An
initial phase of chronic kidney disease, which raises
the risk of cardiovascular disease and mortality,
may be indicated by abnormalities in the composi-
tion of the eyes and the picture of the kidneys [3].
Following COVID-19 infection, patients may have
a variety of cardiovascular consequences, includ-
ing an increased risk of cardiovascular disorders,
arrhythmias, ischemic heart disease, pericardi-
tis, and myocarditis, as well as heart failure and
thrombosis. Even among patients who were not
hospitalized in the acute phase of illness, these
risks and burdens were obvious, and they gradually
increased depending on the settings of treatment.
COVID-19 survivors face a considerable risk and
yearly burden of cardiovascular disease, according
to studies [4, 5]. Long-COVID-19 patients report
a wide range of symptoms, ranging from moderate
to highly debilitating. The origins of this illness
have been hypothesized by scientists, ranging from
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chronic viral reservoirs and autoimmune to tiny
blood clots. A mixture of these things, according
to many, is to blame. Vaccines are the most effec-
tive strategy to prevent long-COVID-19 so far.
COVID-19 vaccinations minimize the risk of SARS-
-CoV-2 infection and may lessen the likelihood of
long-COVID-19 infection after a breakthrough ill-
ness in a vaccinated individual. In a group of almost
3,000 double-vaccinated persons who later were
infected with SARS-CoV-2, the study indicated that
vaccination decreased the probability of acquiring
long-COVID-19 symptoms by about 41% [6]. Aside
from immunization, it is unknown whether any ex-
isting COVID-19 medication has had an impact on
the likelihood of long-term illness. A medicine that
lessens the severity of the condition might theo-
retically reduce the probability of this occurring.
However, long-COVID-19 is not usually linked
to a severe acute illness; many patients with this
syndrome have had asymptomatic or minor illness.
Clinics for persons with long-COVID-19 are being
established in several countries. Because persons
with long-COVID-19 must rest for months at
a period and require help during that time, much of
the difficulty will be social and political [7]. None-
theless, several researchers will investigate the
effects of long-COVID-19 therapy. The hunt for
a treatment that can minimize the risk of long-
-COVID-19 is still continuing. Heal-COVID, a big
United Kingdom trial, is looking into two drugs
that target the cardiovascular system in COVID-19
patients. Apixaban, an anticoagulant, and atorvastatin,
a cholesterol-lowering drug that also helps to reduce
inflammation in the blood vessels. PANORAMIC is
a clinical experiment that aims to see if the antiviral
molnupiravir affects the severity of COVID-19.
While this is not the study’s primary goal, research-
ers will gather data from individuals 3 and 6 months
after treatment to see if the medicine has an effect
on long-COVID-19 risk. Similarly, participants
in the two Paxlovid studies will be followed for
6 months. These antiviral drugs are primarily used
to treat COVID-19 patients who have just minor
symptoms. Ayodeji Adegunsoye of the University
of Chicago discovered an increase in the deposition
of scar tissue in the lungs, known as fibrosis, long
after acute infection in persons hospitalized with
COVID-19 and requiring supplementary oxygen.
He is presently studying an immunosuppressive
medicine called sirolimus on these folks, which is
commonly given to organ transplant recipients in
the hopes of preventing fibrotic cell migration in
the lungs [8]. Currently, methods of treating post-
-COVID-19 ailments are not known and they are
treated in accordance with the drugs appropriate to

the given disease entities. Special medication can
arranged based on the outcomes of morphological
studies and more extensive diagnostics focusing
on certain diseases. Each phase of the diagnosis of
a post-COVID-19 complication results from a dif-
ferent disease. For example, when cardiac func-
tion is tested, BNP is the recommended test, and
when it is elevated, consider echocardiography.
Biochemical tests play a very important role in this
diagnosis. An example of this is the diagnosis of
changes in the venous system, where even with the
slightest suspicion of deep vein thrombosis, basic
tests such as D-dimers should be performed, and
then Doppler ultrasound should be performed at
elevated levels. There are no effective therapies
against long-COVID-19, despite the high effective-
ness of vaccinations, therefore, in the face of the
growing number of COVID-19 cases associated
with the Omnicron BA.2 variant, use personal pro-
tective equipment should continue and extensive
self-testing implemented to reduce the spread of
COVID-19 in the population [9, 10].
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Coronavirus disease 2019 (COVID-19) is as-
sociated with severe acute respiratory syndrome
(SARS) this connection and effect has been exac-
erbated by the new strain of coronavirus (SARS-
-CoV-2) which has rapidly spread across the globe,
posing a significant medical challenge [1, 2]. An
analysis of various national health records demon-
strates that many COVID-19 patients develop cardiac
arrhythmias as the disease progresses. Several stud-
ies have found that these aberrant rhythms worsen
the medical outcome of patients with COVID-19.
However, the current medical science is unclear as
to how SARS-CoV-2 infection might generate such
arrhythmias [3].

The arrhythmia in COVID-19 may occur due
to a large range of causes such as damage to the
heart muscle, myocardial ischemia as well as in the
case of myocarditis [4]. Arrhythmia can also occur
in patients who have hypoxia, septic or cardiogenic
shock, indications of broad systemic inflammation,
or electrolyte problems such as hypokalemia. In
addition, in the case of treatment of remdesivir
for COVID-19, some cardiac arrhythmias have
been documented [5]. Arrhythmias in the course of
COVID-19 are a serious problem that occurs both
in hospitalized patients and in convalescents who
have already had the disease.

Tachycardia is a common symptom reported
in COVID-19 patients, from their electrocar-
diogram results. However, recent reports have
demonstrated that bradycardia is prevalent in up
to 56% of hospitalized COVID-19 patients with
a fever [6]. There is growing evidence and medi-
cal investigations suggesting that SARS-CoV-2 is
able to infect the specialized cardiac cells known
as pacemaker cells.

In healthy individuals, the primary pacemaker
of the heart is the sinus node; as part of the heart’s
conductive system, the node is one of the main
electrical regulators of cardiac rate and rhythm.
Disruption to the sinus node’s structure can cause
bradycardia. Researchers have used animal models
combined with human stem cell-derived pacemaker
cells to further understand this condition and set
of effects.

Researchers using a type of pluripotent stem
cell (hPSC) called human embryonic stem cells
(hESC), have found that SARS-CoV-2 can readily
infect pacemaker cells and induce a process known
as ferroptosis [7]. Apoptosis, necrosis, autophagy,
and other kinds of cell death are all distinct from
ferroptosis, which is an iron-dependent cell death.
The buildup of fatal lipid species resulting from
lipid peroxidation defines the process of ferroptotic
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cell death, which can be avoided by iron chelators
— deferiprone, deferoxamine and tiny lipophilic
antioxidants — ferrostatin and liproxstatin [8].
Researchers discovered that during the process
of ferroptosis the human pacemaker cells produce
angiotensin-converting enzyme 2 receptors and
other complimentary components that facilitates
and improves SARS-CoV-2 ability and frequency to
enter cells, thus increasing infected cell rates by
SARS-CoV-2 in human cells. These same SARS-
-CoV-2 infected cells also showed a significant
rise in inflammatory immune gene activity. It is
hypothesized that pacemaker cells infected with
SARS-CoV-2 commence a self-destructive process
of ferroptosis, an iron-dependent cell death and that
commences early in COVID-19 patients within the
sinus node, which explains the high incidence of
bradycardia in patients.

Researchers have also investigated whether
the damaging consequences of ferroptosis might
be reversed by utilizing chelating agents; chemical
molecules that closely attach to metal ions. The re-
searchers examined the impact of chelating agents
on the elimination of iron from the circulation and
thus prevent the ferroptosis process. The chelating
agents deferoxamine and imatinib were shown to
prevent SARS-CoV-2-induced ferroptosis in the
heart’s pacemaker cells [7].

From these research findings, it indicated
that patients with COVID-19 could theoretically
be treated with ferroptosis inhibitors to protect
the sinoatrial (sinus node) cells, antiviral drugs
that block the effects of SARS-CoV-2 infection in
all cell types would be a preferred course of treat-
ment. Although there is a worldwide medical push
to protect all organs in both the severe course and
the post-COVID-19 syndrome, other treatments do
need to be considered.

The development of arrhythmias in the course
of COVID-19 can have many reasons, but there is
mounting research evidence demonstrating the
involvement of pacemaker cells. This highlights the
complexity of COVID-19 in the context of the car-
diovascular system. Future research will need to be
conducted into whether this phenomenon plays an
important role among convalescents and patients

struggling with the long-COVID-19 syndrome [9].
There is a need for further clinical and cellular
research to clearly understand the mechanisms
and the implementation of appropriate treatment
strategies for the cardiac and other organs, both
protective and symptomatic [10].
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