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WHAT DO WE KNOW ABOUT FRACTIONAL FLOW RESERVE
AFTER STENTING?

The introduction of the concept of fractional flow reserve (FFR) in
the mid 90s moved coronary physiology from experimental science
to routine use at the cath lab.'”* Added to the better understanding
of basic physiological mechanisms such as self-regulation and
compensatory vasodilation and the coronary flow reserve intro-
duced 20 years earlier by Gould et al.,* FFR has undeniably changed
our interpretation of coronary angiograms and had a major influ-
ence on the clinical decision-making process, and patient
outcomes.®>° This has resulted in the unique adoption of FFR as
the only physiological index with a class I A indication for use in
the clinical practice guidelines produced by the most important
cardiologic societies worldwide.”#

FFR has taught us that coronary angiography and the anatomic
images we can acquire at the cath lab only provide moderately
reliable measures of the functional significance of coronary artery
disease and myocardial ischemia. Also, there is undeniable proof
that the decision-making process based on functional measurements
leads to better outcomes compared to angiography alone.®®

In contrast, the interpretation of FFR after coronary intervention is
still ambiguous. Basically, we should be aware that the status of a
coronary artery immediately after a percutaneous coronary inter-
vention (PCI) changes and is prone to much more variability
compared to a situation of chronic stable coronary artery disease.
An excellent result of a PCI performed today can change rapidly
within hours due to thrombus formation, progressive dissection or
other unforeseen complications. Therefore, the FFR measured
immediately after a PCI should be interpreted with caution. Also,
whereas the ischemic FFR threshold (0.80) in the stable angina has
been clearly established, FFR values within the first days, weeks
or months after a PCI can change quickly due to the healing process
in the coronary artery itself, intimal hyperplasia, thrombus forma-
tion, etc. This means that by definition, the FFR after a PCI is more
dynamic and that an adequate FFR value immediately after a PCI
should be considerably higher than 0.80 to compensate for any
intravascular changes that may occur in the short-term.

Therefore, it is not surprising to see FFR values of at least 0.90 in
medical literature as indicative of an acceptable PCI result.®!°
Having said that, at the same time we should realize that most
post-stent FFR values in earlier studies were obtained in patients
with focal stenosis and without much diffuse disease. It is plausible
to think that if diffuse disease is present inside a coronary artery,
FFR values > 0.90 will probably not be achieved by just stenting a
focal stenosis.

Most likely, in such cases, hyperemic pressure pullback recording
(whether motorized or not) or a sophisticated variety called hyper-
emic pressure pullback gradient will better qualify the functional
result after stenting. They will also reveal if the remaining gradients
inside the coronary artery are due to insufficient stent deployment
or more diffuse disease.'!

Despite these limitations, the existence of a clear correlation
between the FFR values measured immediately after PCI and
long-term outcomes is undeniable. This was first described in the
FFR-post-STENT Registry of 750 patients that revealed the exis-
tence of an inverse correlation between the FFR values measured
immediately after the PCI and the rate of restenosis at the 6-month
follow-up (figure 1). Such an inverse correlation between high FFR
values post-stenting and the mid-term risk of restenosis has been
confirmed ever since.'? Still, it is not completely clear if subop-
timal FFR values after stenting are due to a focal problem in the
stented segment or to diffuse disease elsewhere in the artery.
Hyperemic pressure pullback recording and pressure pullback
gradient recording have proven that a considerable pressure
gradient across the stent is often associated with inappropriate
deployments as seen on intravascular ultrasounds or optical coher-
ence tomographies.

PATIENT AND VESSEL RELATED PREDICTORS OF POST-
PROCEDURAL FFR

At this point, the study conducted by van Zandvoort et al. and
recently published on REC: Interventional Cardiology comes into
perspective.!’ In this study, a large registry of 1000 consecutive
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Figure 1. Superiority of functional testing compared to angiography alone to
predict the outcomes after stenting. A: correlation between post-stenting
fractional flow reserve (FFR) and the rate of adverse events at the 6-month
follow-up in 750 patients from the FFR-Post-Stent registry. B: correlation
between post-stenting angiography and the rate of adverse events at the
6-month follow-up. Reproduced with permission from Pijls et al.?

patients from 1 large volume cardiac center, the FFR was consis-
tently measured after an angiographically successful PCI without
the intention of performing any additional procedures in cases of
unexpectedly low FFR values. The authors should be praised for
their adherence to this protocol. Afterwards, independent patient
and vessel related characteristics were determined as associated
with the post-procedural FFR values. Considering that in this study
no information was available on the outcomes and that the rela-
tionships were not causal per se but associative, a few important
lessons can be learned.

In the first place, a very strong predictor of lower FFR values was
stent implantation in the left anterior descending coronary artery
(LAD). In truly normal LADs, the FFR is not different from other
arteries and is very close to 1.00."* However, even in cases of mild
disease, the FFR values measured in the LAD are often more
damaged compared to other arteries. This is explained by the fact
that the LAD perfusion territory is large. One of the major advan-
tages of FFR with respect to other methodologies that only address
a coronary artery injury is that the FFR does not only measure the
stenosis itself, but also the extent of the perfusion territory. If a
similar stenosis (with similar angiographic, intravascular ultrasound
or optical coherence tomography characteristics) is located in a
coronary artery with a larger perfusion territory, the FFR will be
lower. In this regard, the FFR is actually the link between stenosis

N.H.]. Pijls, L.X. van Nunen. REC Interv Cardiol. 2021;3(2):83-86

severity, coronary blood flow, extent of the myocardial perfusion
territory, and myocardial ischemia.'* As such, it is plausible that
after a successful PCI, the FFR of the LAD will be somehow lower
compared to other coronary arteries.

A second interesting observation is that in women, the FFR measured
after apparently successful stenting was often higher compared to
the males. Van Zandvoort et al. suggest that this might be due to
the fact that in women, microvascular disease plays a more predom-
inant role compared to men. Also, that the generation of a hyper-
emic gradient within the epicardial coronary artery may be blunted
by the presence of microvascular disease.!” To confirm that position,
more detailed studies of coronary microvasculature are needed. For
many years, the assessment of microvascular disease in a true
quantitative way has been too hard to pin down. However, recently
developed methodology has changed that as follows.'®

SIMULTANEOUS ASSESSMENT OF EPICARDIAL AND
MICROVASCULAR DISEASE

Recently, the technique for measuring absolute coronary blood flow
and microvascular resistance has been introduced as an adjunctive
to FFR measurement. This technique is based on the continuous
infusion of a saline solution at a low rate and thermodilution. The
technique is simple, elegant, accurate, and operator independent.!®

In short, immediately after measuring the FFR, a specifically
designed infusion catheter (Rayflow, Hexacath, Paris) is advanced
while mounted on the pressure guidewire and placed inside the
stent (to study the microvascular resistance of the territory distal
to the stent). Then, the infusion of a saline solution at a low rate
is started and the absolute coronary blood flow in mL/min is
measured in the area of interest using this equation:

Q =0, x T/T, x 1.08

where Q is blood flow in the myocardial territory distal to the stent,
Q, is the infusion rate of the saline solution (mL/min), T, is the
temperature of the infused saline solution (°C), and T is the
temperature in the distal coronary artery after mixing blood and
the saline solution. T and T, are expressed as the difference with
respect to body temperature.

With infusion rates = 8 to 10 mL/min, resting blood flow values
are obtained and with infusion rates = 20 mL/min, maximum
hyperemic values are obtained since the saline solution itself at that
rate induces maximum hyperemia in a matter of seconds (figure 2;
unpublished data).

Immediately after the simultaneous measurement of distal coronary
pressure and blood flow values, quantitative microvascular resis-
tance R (Wood units) is estimated. In this same way, epicardial
disease (indicated by FFR) and microvascular disease (indicated by
R)) can be assessed and independently distinguished. The position
taken by van Zandvoort et al. suggesting that higher FFR values
after PCI are related to a higher microvascular resistance in women
could be elegantly validated this way.

WHAT IS THE BEST TECHNIQUE TO MEASURE THE FFR
VALUES AFTER A PCI?

In the study conducted by van Zandvoort et al. the FFR values
measured after the PCI are only briefly described.’® The authors
do not report if hyperemic pressure pullback recordings were
performed or other techniques used to assess the entire artery. Also,
we should mention that to measure intracoronary pressure, not a



N.H.J. Pijls, L.X. van Nunen. REC Interv Cardiol. 2021,;3(2):83-86

85

Figure 2. Example of absolute coronary blood flow and microvascular resistance measurement in left anterior descending coronary artery following routine
fractional flow reserve measurement. On the figure upper side, aortic pressure (P ), and distal coronary pressure (P ) are shown in red and green, respectively.
The blue line represents coronary temperature as a difference with respect to body temperature (T = 0). After starting the infusion of 20 mL/min of a saline
solution (Q) at room temperature through a dedicated infusion catheter, maximum hyperemia occurs within seconds. Then, after a complete mix of blood and
saline solution, a steady-state distal coronary temperature T of 0.32 °C below body temperature is achieved. After withdrawing the pressure/temperature
sensor from the tip of the infusion catheter, the infusion temperature (T) measured is 4.11 °C below body temperature. Absolute flow (Q) in the coronary artery
is calculated using the equation shown in this article (274 mL/min). Microvascular resistance is simply calculated now by Pd/Q and equals 297 Wood units,
which is a normal value for the anterior wall. Since the fractional flow reserve value is also known, the normal reference value of coronary flow can be
calculated. All parameters are shown online supported by dedicated software (Coroventis, Sweden).

single true pressure guidewire was used, but the Navvus system
instead (ACIST Medical Systems, Eden Prairie, MN, United States).
This system is known to overestimate pressure gradients and under-
estimate FFR mildly in cases of minimal disease or moderately in
cases of more severe disease.'® Also, this system is not validated
against regular pressure guidewires in post-PCI vessels.

Nevertheless, the measurements were taken meticulously using IV
adenosine at a rate of 140 pg/kg/min, giving the opportunity of an
easy and reliable estimation of the FFR under stable conditions. We
should mention that only 2 out of 1000 patients showed adenosine
intolerance, meaning that the infusion of adenosine had to be
interrupted due to harmless adenosine-induced, angina-like chest
pain. This underlines the safety profile of IV adenosine infusions
as seen in tens of thousands of patients in a myriad of other studies.

In future studies on the meaning and interpretation of post-PCI
FFR, it would be adviseable to perform hyperemic pressure pull-
back recordings as outlined in the first part of this article or use
the even more sophisticated technique for whole vessel evaluation
after PCI recently introduced by Collet et al. and called hyperemic
pressure pullback gradient.!! Obviously, all pressure analyses
performed inside the stented coronary artery should preferably be
performed at maximum hyperemia since gradients at rest inside the
artery are 2 to 3 times smaller. Consequently, the signal-to-noise
ratio of a resting pullback recording is 2 to 3 times less sensitive.

In conclusion, although outcome data were not presented which,
by the way, was not the objective of the study, the interesting trial
conducted by van Zandvoort et al.!’ teches us about several inter-
esting patient and vessel related predictors of post-procedural FFR
measurement. Also, it anticipates the need for future physiological
studies to unravel the different factors involved using new research

methods on coronary circulation like hyperemic pressure pullback
gradients and truly quantitative microvascular resistance (R)
measurements.
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The management of symptomatic severe aortic stenosis is based on
surgical aortic valve replacement (SAVR) or transcatheter aortic
valve implantation (TAVI).

In an interesting work recently published on REC: Interventional
Cardiology, Nufiez-Gil et al.! studied how the type of hospital and
volume of cases impacted the results obtained with both tech-
niques. This was a retrospective analysis with data gathered from
administrative sources with the limitations associated with studies
based on the Minimum Basic Dataset. Nonetheless, it leaves
important messages that should be discussed.

In line with other publications,® they describe the correlation
between casuistry, case volume, and results in terms of mortality
and risk-adjusted hospital stays. This article is original and important
because in Spain, no study like this has ever been conducted on the
association between the volume of TAVIs performed and results.

Also, they confirm the existence of a favorable correlation between
better TAVI results and in-hospital «structural» variables like the
availability of cardiac surgery intensive care units (CICU). The
authors stress the importance behind the finding that there is a
correlation between the presence of a CICU and a lower mortality
rate with both techniques. However, this impact is greater with
TAVI compared to SAVR. Actually, having defined protocols and
staff trained in the rapid detection and management of periproce-
dural complications like vascular access hemorrhages, atrioventric-
ular blocks, renal failure, etc. would explain this correlation.

Data from this study show that the risk-adjusted in-hospital
mortality rate is lower in large volume centers and high-level
hospitals («type 4»). It is logical to think that large volume PClI-ca-
pable centers with all their resources and wide experience in
coronary and structural heart procedures will have good results.
Performing a high number of procedures reduces procedural
complications. However, achieving a solid learning curve first is
essential to have good clinical results and increase the cost-effec-
tiveness of the procedures. However, nowadays, the learning curve
is shorter with the new devices available.

On the other hand, they found that large volume centers that perform
TAVIs and also quite a few SAVRs have a lower mortality rate with
percutaneous procedures. The large casuistry with both procedures

and the extensive experience of interventional cardiologists and
surgeons improves the results. This may be explained by the benefits
derived from the mutual collaboration between interventional cardi-
ologists and surgeons regarding the selection of the most appropriate
cases for each technique or because surgeons who perform more
surgeries have a greater expertise to solve eventual TAVI complica-
tions. Still, the need for surgery today is very low.>* It may also be
suggested that these hospitals have a greater surgical activity because
they receive a large number of patients with severe aortic stenosis
(some treated with SAVR and others with TAVI).

Hospitals that perform large volumes of TAVIs but very few
surgeries also have good results. Therefore, it does not seem to be
a factor directly associated with surgical activity per se, but rather
with the experience of interventional cardiologists and the writing
of proper protocols before, during, and after the procedure.

Consistent with all this, the authors also say that the availability of
a CICU is important in the results of TAVI because it guarantees
proper treatment after the procedure.

The importance of this article is undeniable, and its findings are
very interesting. However, its conclusions should be interpreted
with caution. On the one hand, there is too much heterogeneity
among the hospitals studied. On the other hand, there may be
biases and factors that still remain unstudied. Some of the possible
biases may be that patients treated with TAVI in type 3 hospitals
without CICU capabilities may have higher comorbidity rates.
Also, there are variables not included in the study that may impact
the results like the analysis of the valves used or the timeframe
of the process analyzed in each hospital, which could also impact
the results differently depending on the timing of the learning
curve.

The correlation between volume and results has already been
proven in other studies.” However, it seems to decrease in time
with more experience, better hospital processes, and more advanced
technologies.

Also, there are important additional questions that should be taken
into consideration like the analysis of other complications that were
not included in the study (eg, need for pacemaker, onset of renal
failure, etc.).
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Over 4000 annual TAVIs are performed in Spain every year in
nearly 110 hospitals by interventional cardiologists who, in collab-
oration with clinical cardiologists, imaging specialists, and other
health professionals—geriatrician, anesthesiologists, intensivists,
surgeons, radiologists—achieve excellent results that have been
improving throughout the years.

As a consequence of these and other data published, TAVIs should
only be performed after proper training, in large enough numbers,
and with good results.®”

In conclusion, the article of Nufiez-Gil et al.!is an interesting study
that shows the commitment of interventional cardiologists to opti-
mize the results of TAVI. A commitment that is already a reality
in many Spanish cath labs.
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Over the last few years, left atrial appendage occlusion (LAAO) has
gained traction in patients with nonvalvular atrial fibrillation as an
alternative to oral anticoagulation to prevent cerebral infarction,
especially in patients with some sort of contraindication to these
drugs.!

In an article published in REC: Interventional Cardiology, Ruiz-
Salmerén et al.? describe their experience using this technique
during the last 10 years. This publication gives us the opportunity
to review the cumulative scientific evidence available in this regard
that has justified its exponential growth.

In the last national registry published in the United States, the
number of physicians and hospitals that perform this intervention
has gone from 30 to over 1200 and from 20 to over 400, respec-
tively, within the last 2 years.® In Spain, according to the registry
published by the Interventional Cardiology Association of the
Spanish Society of Cardiology, the number of procedures performed
within the last 4 years has tripled.*

Left atrial appendage isolation started as a surgical technique back
in the 1950s,° but it was not until the beginning of 2000 when the
development of percutaneous interventional procedures finally put
this technique on the map.® However, the turning point was 2009
with the publication of the multicenter and randomized PROTECT
AF clinical trial” that compared the LAAO in over 450 patients
implanted with the Watchman device (Boston Scientific, United
States) vs conventional treatment with warfarin. It proved the
non-inferiority of the intervention for the primary composite of
stroke, cardiovascular death or systemic embolism.® Five years
later, the PREVAIL trial®, with a similar design to the PROTECT
AF, achieved similar results regarding efficacy, but with success
rates over 95% and significantly less common complications (1.9%).

The mid-term follow-up results are even more interesting. At the
3.8-year follow-up, the patients of the PROTECT AF’ experienced a
significant benefit in the composite primary endpoint (8.4% vs
13.9%; hazard ratio = 0.61; 95% confidence interval, 0.38-0.97;
P = .04) compared to the control group with warfarin. Actually, even
all-cause mortality improved in the LAAO group (12.3% vs 18%);
hazard ratio = 0.66; 95% confidence interval, 0.45-0.98; P = .04).

Also, the third large randomized clinical trial, the PRAGUE-17,"°
that compared LAAO with direct-acting oral anticoagulants in 400
patients, proved the non-inferiority of this procedure compared to
new anticoagulants to prevent cardiovascular, neurological or
hemorrhagic events associated with atrial fibrillation.

A meta-analysis of these randomized clinical trials proved that
LAAO has similar cerebral infarction rates to those of oral antico-
agulation (warfarin or new anticoagulants) with significant reduc-
tions of cerebral hemorrhages and cardiac and non-cardiac death.'!

Added to this, large scale multicenter registries have proven the
efficacy and safety of this intervention in patients with contraindi-
cations to oral anticoagulation. The EWOLUTION registry of 1021
patients reported a 62% rate of contraindication to oral anticoagu-
lation, a 98.5% success rate, and a 2.7% rate of complications.'? At
the 2-year follow-up, cerebral infarction rates of 1.3/100 patients-
year (a 83% reduction compared to the historic series) and hemor-
rhage rates of 2.7/100 patients-year (a 46% reduction compared to
the historic series) were reported.’® In line with this, the multicenter
registry of the Amulet device (Abbott, United States) that included
1088 patients of whom 83% had contraindications to oral anticoag-
ulation revealed a 99% success rate and a 3.2% rate of complica-
tions.'* These results are consistent with almost all the studies
published over the last decade.

In our setting we have registries like the one published in this issue
of REC: Interventional Cardiology, where Ruiz-Salmerén et al.?
analyze 260 consecutive cases of LAAO in a population of high
embolic (CHA,DS,-VASc of 4.3 = 1.6) and hemorrhagic risk
(HAS-BLED of 3.7 + 1.2). They confirmed a 75.5% reduction of
embolic risk and a 58.5% reduction of hemorrhagic risk with
respect to the risk predicted by both scales. Also, patients with
longer follow-up periods (> 4 years in this case) showed a progres-
sive benefit derived from the intervention (rate of events per 100
patients-year: 0.7 vs 2.0, P = .17 for embolisms; and 1.7 vs 4.0,
P = .09 for major hemorrhages) compared to those with shorter
follow-up periods.

Studies like this are necessary since we don't have too many studies
on long-term experiences with LAAO with mean follow-up periods
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> 2.5 years. It is only from this long-term follow-up perspective
that we will be able to understand the impact of an intervention
largely, based on the prophylaxis of the thromboembolic complica-
tions that may occur during a patient's lifetime.

Finally, we should mention that scientific societies like the Euro-
pean Heart Rhythm Association and the European Association of
Percutaneous Cardiovascular Interventions'® support the benefits
of LAAO in situations of contraindication to oral anticoagulation,
high risk of bleeding, cerebral infarction under anticoagulation or
even in patients who, after being properly informed, reject oral
anticoagulation. However, the current clinical practice guidelines
published by the European Society of Cardiology!® still assign a
low level of recommendation (IIb-B) for patients with atrial fibril-
lation contraindicated to long-term courses with oral anticoagu-
lants (eg, patients with intracranial hemorrhages without revers-
ible cause). In any case, the results of 2 ongoing large scale
randomized clinical trials of LAAO vs direct-acting oral anticoag-
ulants, the CHAMPION-AF (NCT04394546) and the CATALYST
(NCT04226547) will conclusively establish the level of recommen-
dation of this technique in patients without contraindications to
oral anticoagulation.

In conclusion, we should assert that the LAAO is an effective and
safe technique. With the cumulative data obtained over the last
decade, its utility is undeniable in patients with atrial fibrillation
who cannot take oral anticoagulation to prevent the occurrence of
strokes. Also, clinical trials have proven its advantages vs warfarin,
and even the long-term follow-up of these patients has offered
significant positive results, even reducing mortality rate compared
to oral anticoagulation. The results of the new clinical trials vs
direct-acting oral anticoagulants will determine the large-scale
future of this procedure.
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ABSTRACT

Introduction and objectives: Patients with a low post-percutaneous coronary intervention (PCI) fractional flow reserve (FFR) are
at a higher risk for future adverse cardiac events. The objective of the current study was to assess specific patient and procedural
predictors of post-PCI FFR.

Methods: The FFR-SEARCH study is a prospective single-center registry of 1000 consecutive all-comer patients who underwent
FFR measurements after an angiographically successful PCI with a dedicated microcatheter. Mixed effects models were used to
search for independent predictors of post-PCI FFR.

Results: The mean post-PCI distal coronary pressure divided by the aortic pressure (Pd/Pa) was 0.96 £ 0.04 and the mean post-PCI
FFR, 0.91 £ 0.07. After adjusting for the independent predictors of post-PCI FFR, the left anterior descending coronary artery as
the measured vessel was the strongest predictor of post-PCI FFR (adjusted = -0.063; 95%CI, -0.070 to -0.056; P < .0001) followed
by the postprocedural minimum lumen diameter (adjusted B = 0.039; 95%CI, 0.015-0.065; P = .002). Additionally, male sex,
in-stent restenosis, chronic total coronary occlusions, and pre- and post-dilatation were negatively associated with postprocedural
FFR. Conversely, type A lesions, thrombus-containing lesions, postprocedural percent stenosis, and stent diameter were positively
associated with postprocedural FFR. The R? for the complete model was 53%.

Conclusions: Multiple independent patient and vessel related predictors of postprocedural FFR were identified, including sex, the
left anterior descending coronary artery as the measured vessel, and postprocedural minimum lumen diameter.

Keywords: Percutaneous coronary intervention. Post-PCI FFR. Predictors.

Predictores de la reserva de flujo fraccional posprocedimiento: subanalisis
del estudio FFR-SEARCH

RESUMEN

Introduccion y objetivos: Los pacientes con una reserva fraccional de flujo (FFR) posintervencién coronaria percutdnea (ICP) baja
tienen mayor riesgo de futuros eventos cardiacos adversos. El objetivo del presente estudio fue evaluar predictores especificos de
pacientes y procedimientos de FFR tras una ICP.

Métodos: El estudio FFR-SEARCH es un registro prospectivo de un solo centro que incluyé 1.000 pacientes consecutivos que se
sometieron a una evaluacién de la FFR tras una ICP con éxito angiografico utilizando un microcatéter especifico. Se utilizaron
modelos de efectos mixtos para buscar predictores independientes de FFR tras la ICP.

Resultados: La media de presiéon distal dividida entre la presion adrtica tras la ICP fue de 0,96 £ 0,04, y la media de la FFR tras
la ICP fue de 0,91 £ 0,07. Tras ajustar por predictores independientes de FFR tras la ICP, la arteria descendente anterior izquierda
como vaso medido fue el predictor més fuerte (B ajustado = -0,063; IC95%, —0,070 a —0,056; p < 0,0001), seguida del didmetro
luminal minimo posprocedimiento (B ajustado = 0,039; IC95%, 0,015 a 0,065; p = 0,002). Ademas, el sexo masculino, la reestenosis
del stent, las oclusiones totales crénicas y la pre- y posdilatacion se correlacionaron negativamente con la FFR posprocedimiento.
Por el contrario, las lesiones de tipo A, las lesiones con trombos, el porcentaje de estenosis posprocedimiento y el didmetro del
stent se correlacionaron positivamente con la FFR posprocedimiento. El R2 para el modelo completo fue del 53%.
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posprocedimiento.

Conclusiones: Se identificaron diversos predictores independientes relacionados con los pacientes y con los vasos para la FFR
posprocedimiento, incluyendo el sexo, la arteria descendente anterior izquierda como vaso medido y el didmetro luminal minimo

Palabras clave: Intervencion coronaria percutanea. FFR post-ICP. Predictores.

Abbreviations

FFR: fractional flow reserve. LAD: left anterior descending coronary artery. MLD: minimum luminal diameter. PCI: percutaneous

coronary intervention.

INTRODUCTION

The limitations of an accurate assessment of the hemodynamic
significance of coronary artery lesions through angiographic guid-
ance alone are well-known.! Instead, the fractional flow reserve
(FFR) has proven to be a useful technique to address the coronary
physiology and the hemodynamic significance of coronary segments
before and after performing an intervention.** Also, measuring FFR
post-stenting has proven to be a strong and independent predictor
of major adverse cardiovascular events at the 2-year follow-up.*®

While FFR primarily takes into account the relative luminal
narrowing and the amount of viable myocardium perfused by a
specific vessel, several factors have been shown to impact the FFR
values prior to performing a percutaneous coronary intervention
(PCI). Therefore, longer lesion length, high syntax scores, calcifica-
tions, and tortuosity are associated with significantly lower FFR
values. Conversely, the presence of microvascular dysfunction,
chronic kidney disease and female gender have been associated
with higher FFR values.®!!

At the present time, there is lack of data on independent predictors
of post-PCI FFR. Therefore, the objective of the present study was
to assess the patient and procedural characteristics associated with
low post-PCI FFR in an all-comer patient population.

METHODS

The FFR-SEARCH study is a prospective single-center registry that
assessed the routine distal pressure divided by the aortic pressure
(Pd/Pa) and FFR values of all consecutive patients after an angio-
graphically successful PCI. The primary endpoint was to study the
impact of post-PCI FFR on the rate of major adverse cardiovascular
event at the 2-year follow-up. Accordingly, no further actions were
taken to improve post-PCI FFR. The study was performed in full
compliance with the Declaration of Helsinki. The study protocol
was approved by the local ethics committee. All patients gave their
written informed consent to undergo the procedure. Also, anony-
mous datasets for research purposes were used in compliance with
the Dutch Medical Research Act. A total of 1512 patients treated
between March 2016 and May 2017 at the Erasmus Medical Center
were eligible to enter our study. A total of 504 of these patients
were excluded due to hemodynamic instability (156), a rather small
distal outflow (129), the operator’s decision not to proceed with
post-PCI hemodynamic assessment (148) or other reasons (79). A
total of 1000 patients were included in the study. The microcatheter
could not cross the treated lesion in 28 patients, technical issues
with the catheter prevented post-PCI assessments in 11 patients,

and in 2 patients the post-PCI FFR measurements had to be aborted
prematurely due to adenosine intolerance. This left 959 patients
whose post-PCI FFR values were measured in at least 1 angio-
graphically successfully treated lesion.

Quantitative coronary angiography

The preprocedural lesion type was defined according to the ACC/
AHA guidelines'? and divided into 4 categories: A, B1, B2, and C.
Comprehensive quantitative coronary angiography analyses were
performed pre- and post-stent implantation in all the treated lesions.
An angiographic view with minimal foreshortening of the lesion and
minimal overlapping with other vessels was selected. Similar angio-
graphic views were used pre- and post-stent implantation. Measure-
ments included pre- and postprocedural percent diameter stenosis,
reference vessel diameter, lesion length, and minimum luminal
diameter (MLD). In case of a total occlusion in patients presenting
with ST-segment elevation myocardial infarction (STEMI) or chronic
total coronary occlusion (CTO), the MLD was considered zero and
the percent diameter stenosis, 100%. The reference vessel diameter
and the lesion length were measured from the first angiographic view
with restored flow. All measurements were taken using CAAS for
Windows, version 2.11.2 (Pie Medical Imaging, The Netherlands).

Fractional flow reserve measurements

All FFR measurements were acquired using the Navvus RXi system
(ACIST Medical Systems, United States), a dedicated FFR microca-
theter with optical pressure sensor technology.'®!* Measurements
were performed after an intracoronary bolus of nitrates (200 ng).
The catheter was advanced while mounted over the previously used
guidewire approximately 20 mm distal to the most distal border of
the stent. The FFR was defined as the mean distal coronary artery
pressure divided by the mean aortic pressure during maximum
hyperemia achieved by the continuous IV infusion of adenosine at
a rate of 140 pg/kg/min via the antecubital vein. In this study no
vessels were assessed using intracoronary adenosine.

Statistical analysis

At baseline, the categorical variables were expressed as counts
(percentage) and the continuous ones as mean * standard deviation.
To assess the independent predictors of post-PCI FFR, all the patient
and vessel characteristics were primarily assessed through an univar-
iate test using a mixed effects model (LME-model) with a random
effect for the patients and a fixed effect for the post-PCI FFR. All
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Variable Total FFR-SEARCH registry Variable Total FFR-SEARCH registry
Patient characteristics (N = 1000) Bifurcation 138 (12)
Age 64.6 + 11.8 Calcified 402 (35)
Sex, male 725 (13) In-stent restenosis 39 (3)
Hypertension 515 (52) Thrombus 214 (18)
Hypercholesterolemia 451 (45) Stent thrombosis 14 (1)
Diabetes 191 (19) Ostial 97 (8)
Smoking hist 499 (50
moking history (50) 70 42 (4)

Previous stroke 77 (8) ]

Stenosis pre procedural 69 + 22
Peripheral arterial disease 76 (8)

Reference diameter pre procedural (mm) 26+06
Previous myocardial infarction 203 (20)

Length pre procedural (cm) 21+ 11
Previous PCI 264 (26)

MLD pre (mm) 09+ 06
Previous CABG 57 (6)

Predilatation 769 (66)
Indication for PCI

Postdilatation 691 (59)

Stable angina 304 (30)

Stenosis post procedural 44 + 13

NSTEMI 367 (37)

STEMI 329 (33) Reference diameter post procedural (mm) 27+05
Vessel characteristics (N = 1165) Length post procedural {cm) 2413
Lesion type MLD post procedural (mm) 26+05

A 125 (1) Number of stents 1.4+06

B1 233 (20) Stent length (cm) 29+ 17

B2 379 (33) Stent diameter (mm) 32+05

C 428 (37) Mean post-PCl Pd/Pa 0.96 + 0.04
LAD 593 (51) Mean post-PCl FFR 0.91 £ 0.07

CABG, coronary artery bypass graft; CTO, chronic total coronary occlusion; FFR, fractional flow reserve; LAD, left anterior descending artery; MLD, minimum luminal diameter;
NSTEMI, non-ST segment elevation acute myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction; Pd/Pa, ratio of mean
distal coronary artery pressure to mean aortic pressure; Values are expressed as mean + standard deviation or no. (%).

variables were subsequently inserted in a multivariate LME-model
using the enter method that resulted in all the significant indepen-
dent predictors of post-PCI FFR values. A forest plot was developed
to depict all variables with the corresponding 95% confidence
intervals (95%CI). Beta () values show the average increase or
decrease of the FFR values in the case of dichotomous variables or
the increment per unit increase in the case of continuous variables.
Statistical analyses were performed using the statistical software
package R (version 3.5.1, packages: Hmisc, Ime4 and nlme, RStudio
Team, United States).

RESULTS
Demographic characteristics

The mean age was 64.6 + 11.8 years and 72.5% were males. In 959
patients, at least, 1 lesion was measured with an overall 1165
successfully treated and measured lesions. The patient demographics
and baseline characteristics are shown on table 1. Up to 70% of the
patients presented with an acute coronary syndrome, and 18% had
confirmed thrombus as seen on the angiography. Intravascular

imaging modalities were used in 9.6% of the patients to guide the
procedure. Overall, 1.4 + 0.6 lesions were treated per patient and in
1.2 + 0.5 lesions per patient the post-PCI FFR was successfully
assessed. The average overall stent length per vessel was 29 mm =+
17 mm with an average stent diameter of 3.2 mm + 0.5 mm.

The mean post-PCI FFR was 0.91 + 0.07 and 7.7% of vessels had
a post-PCI FFR < 0.80. In the LME-model and after adjusting for
independent predictors of post-PCI FFR, the left anterior descending
coronary artery (LAD) as the measured vessel was the strongest
predictor of post-PCI FFR (adjusted B = -0.063; 95%CI, -0.070 to
-0.056; P < .0001) followed by the postprocedural MLD (adjusted
B = 0.039; 95%CI, 0.015-0.065]; P = .002). Additionally, male sex,
in-stent restenosis, CTO, and pre- and post-dilatation were nega-
tively correlated with postprocedural FFR. Conversely, type A
lesions, thrombus-containing lesions, postprocedural percent diam-
eter stenosis, and stent diameter were positively correlated with
postprocedural FFR. The R? for the entire model was 53%. Figure 1
shows all significant and non-significant adjusted predictors
included in the LME-model. Table 2 shows all adjusted and unad-
justed predictors with corresponding 3 values and 95%CI. The most
important predictors are shown on figure 2.
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Figure 1. Forest plot of independent predictors of post-PCl FFR. Adjusted beta values with 95% confidence intervals. Triangles indicate significant predictors
while circles are indicative of non-significant predictors in the multivariate generalized mixed model to predict post-PCl FFR. ACS, acute coronary syndrome;
PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction; LAD, left anterior descending coronary artery; CTO, chronic

total coronary occlusion; MLD, minimum lumen diameter.

DISCUSSION

This study is the largest report to this day of predictors of post-PCI
FFR. Based on data derived from the FFR-SEARCH registry, we
could identify several patient and procedural predictors of post-PCI
FFR. These predictors will bring more in-depth interpretations of
post-PCI FFR values to be able to identify correctly which vessels
are prone to future events. At first, male gender appeared to be
negatively correlated with postprocedural FFR. This finding is
consistent with the findings of former studies that focused on the
impact of gender on pre-PCI FFR measurements.®!!1%16 Compared
to females, males are known to have a lower prevalence of micro-
vascular dysfunction.®!” The concept of FFR is based on drug-in-
duced maximal hyperemia to minimize microvascular resistance.
Microvascular dysfunction may hamper this vasodilator response
and consequently result in a dampened flow response and high
FFR.'® Subsequently, on average, males have larger myocardial
masses and myocardial perfusion territories compared to females.'#1?
The importance of the latter is illustrated by the second and stron-
gest predictor of post-PCI FFR in this study, the FFR measurements
in the LAD. FFR values are associated with the myocardial mass
and the outflow territory of the measured vessel. As such, the
LAD—the vessel with the largest perfusion area—has previously
been associated with lower pre- and postprocedural FFR
values.?0%*

The diameters of the stents implanted in the RCA are larger, on
average, but the outflow territory of the LAD is even larger.?® This
discrepancy between luminal dimensions and myocardial mass may
explain why the optimal improvement of the FFR measurements
in the LAD is difficult to achieve.?

Thirdly, larger stent diameters and larger post-PCI MLDs were
associated with higher post-PCI FFR values. However, higher post-
procedural percent stenosis was also associated with higher post-PCI
FFR values. While these findings may seem contradictory, post
procedural percent stenosis was not associated with post-PCI phys-
iology in the DEFINE PCI study either.*

In the intravascular ultrasound substudy of the FFR-SEARCH
registry, van Zandvoort et al. showed that evident signs of residual
luminal narrowing including focal lesions, underexpansion, and
malapposition were present in a significant amount of vessels with
post-PCI FFR values < 0.85. These findings were not readily
apparent on the comprehensive quantitative coronary angiog-
raphy.?® Percent diameter stenosis was 20% in the cohort of patients
with post-PCI FFR values < 0.85 and > 0.85.%°

Together with the latter predictors of post-PCI FFR we identified
several others. A dedicated analysis of 26 CTOs recently showed that
postprocedural FFR values are typically low initially; however they
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Table 2. Predictors for post-PCl FFR

95

Variable Unadjusted Adjusted
P B (95%CI) P B (95%CI)

Patient characteristics
Male sex 214 -0.006 (-0.015 — 0.003) .001 -0.013 (-0.021 — -0.005)
Age (per 10 years) .976 0.000 (-0.03 - 0.03) 124 0.001 (-0.002 — 0.003)
Hypertension 013 -0.010 (-0.018 — -0.002) 610 0.002 (-0.006 — 0.010)
Hypercholesterolemia <.001 -0.019 (-0.027 - -0.011) .287 -0.004 (-0.012 - 0.004)
Diabetes <.001 0.018 (0.008 — 0.042) .081 -0.008 (-0.017 — 0.001)
Smoking history .007 0.020 (0.010 — 0.019) 054 0.007 (-0.0001 — 0.014)
Previous stroke 831 -0.002 (-0.017 - 0.013) 342 0.006 (-0.0007 - 0.019)
Peripheral arterial disease 022 -0.017 (-0.032 — -0.003) 460 -0.005 (-0.018 — 0.008)
Previous myocardial infarction .002 -0.016 (-0.026 — -0.006) 137 -0.008 (-0.019 — 0.003)
Previous PCI <.001 -0.016 (-0.025 — -0.007) .569 -0.032 (-0.014 — 0.008)
Previous CABG .896 -0.001 (-0.019 - 0.017) .166 -0.011 (-0.014 — 0.004)
Indication for PCI

Stable angina <.001 -0.025 (-0.034 — -0.016) 563 -0.002 (-0.011 — 0.005)

STEMI <.001 0.032 (0.025 - 0.041) an 0.006 (-0.003 - 0.015)
Vessel characteristics
Lesion type

A <.001 0.022 (0.009 — 0.035) 040 0.012 (0.0005 — 0.023)

C 045 -0.008 (-0.016 — -0.0002) 172 -0.006 (-0.014 — 0.002)
LAD <.001 -0.070 ( -0.077 — -0.064) <.001 -0.063 (-0.070 — -0.056)
Bifurcation <.001 -0.024 (-0.036 — - 0.012) 883 0.001 (-0.010 - 0.011)
Calcified <.001 -0.025 (-0.033 - -0.017) 409 -0.003 (-0.011 — 0.005)
In-stent restenosis .006 -0.031 (-0.053 — -0.009) .007 -0.029 (-0.051 — -0.008)
Thrombus <.001 0.031 (0.021 - 0.042) 026 0.012 (-0.001 - 0.023)
Stent thrombosis 920 0.002 (-0.034 — 0.038) .362 0.019 (-0.022 - 0.060)
Ostial 181 -0.010 (-0.024 — 0.005) .165 -0.010 (-0.024 — 0.004)
CcT0 .002 -0.034 (-0.056 — -0.013) .036 -0.027 (-0.053 — -0.002)
Stenosis pre procedural (per 10%) <.001 0.007 (0.005 — 0.009) .105 0.004 (-0.0009 - 0.009)
Reference diameter pre procedural (mm) <.001 0.030 (0.023 - 0.037) 704 0.002 (-0.008 — 0.011)
Length pre procedural (cm) .900 -0.00002 (-0.004 — 0.003) 101 0.004 (0.0008 — 0.009)
MLD pre procedural (mm) <.001 -0.015 (-0.022 — -0.008) 638 0.004 (-0.014 - 0.023)
Predilatation <.001 -0.019 (-.027 - -0.011) .002 -0.012 (-0.020 — -0.005)
Postdilatation <.001 0.027 (-0.035 — -0.019) 015 -0.009 (-0.016 — -0.002)
Stenosis post procedural (per 10%) 077 0.003 (-0.0003 — 0.006) .029 0.01 (0.0007 — 0.01)
Reference diameter post procedural (mm) <.001 0.035 (0.027 — 0.042) .067 -0.022 (-0.045 — 0.002)
Length post procedural (cm) 312 -0.002 (-0.005 — 0.001) .086 0.001 (-0.0007 — 0.001)
MLD post procedural (mm) <.001 0.032 (0.024 - 0.040) .002 0.039 (0.015 — 0.063)
Number of stents <.001 -0.012 (-0.018 — -0.006) 620 -0.002 (-0.012 - 0.007)
Stent length (cm) <.001 0.019 (0.009 — 0.041) .286 -0.003 (-0.009 — 0.002)
Stent diameter (mm) <.001 0.033 (0.025 — 0.042) .026 0.012 (0.001 - 0.022)

Beta () values are indicative of the average increase or decrease of the FFR values in cases of dichotomous variables or the increment per unit increase in cases of continuous
variables. 95%Cl, 95% confidence interval; CABG, coronary artery bypass graft; CTO, chronic total coronary occlusion; FFR, fractional flow reserve; LAD, left anterior descending

coronary artery; MLD, minimum lumen diameter; STEMI, ST-segment elevation myocardial infarction.
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Figure 2. Forest plot of most important predictors of post-PCl FFR. Adjusted beta values with 95% confidence intervals. The figure includes all significant
predictors from the multivariate generalized mixed model predicting post-PCl FFR except for categorical variables with beta values < 0.02. LAD, left anterior
descending coronary artery; CTO, chronic total coronary occlusion; MLD, minimum lumen diameter.

seem to increase at the 4-month follow-up. The initially low post-PCI
FFR values is thought to be due to the microvascular dysfunction of
the recently opened vessel, a phenomenon that improves after
several months.?” In-stent restenosis and pre- and postdilatation were
associated with lower post-PCI FFR values. A finding that is consis-
tent with former studies that showed that, in general, complex
lesions are associated with lower post-PCI FFR values.?"?126:2

Also, it was interesting to see the impact of clinical presentation on
post-PCI FFR values in the study population in which most patients
presented with acute coronary syndrome. Contrary to former
studies that questioned the validity of invasive hyperemic physio-
logical indices in patients with acute coronary syndrome, we could
not confirm the impact of clinical presentation on post-PCI FFR
values. However, the identification of a thrombus, that often occurs
after a ruptured plaque in patients with acute coronary syndrome,
was associated with significantly higher FFR values. Despite the
restoration of epicardial flow by the PCI, a relatively large number
of patients with STEMI have abnormal myocardial perfusion at the
end of the procedure.?” This phenomenon is thought to be related
to microvascular obstruction due to distal embolization (reperfusion
injury) and tissue inflammation due to myocyte necrosis.’**! The
latter may explain the significantly higher post-PCI FFR values
reported in patients presenting with thrombus-containing lesions
compared to those without such lesions. Conversely, our findings
also show that in patients without thrombus-containing lesions the
post-PCI FFR may be a valuable diagnostic tool for the identifica-
tion of patients at a high risk of future adverse cardiac events.

Limitations

This study was conducted with the Navvus microcatheter, a dedi-
cated rapid exchange microcatheter with a mean diameter of 0.022
in that proved its utility in a slight but significant underestimation
of the FFR compared to conventional 0.014 in pressure guide-
wires.*” That is why we cannot directly extrapolate the current
findings to wire-based FFR devices.!* Based on the study protocol,
no further action was taken in the presence of low post-PCI FFR
values. The Target FFR and FFR REACT studies (NCT03259815 and
NTR6711) will provide further information on post-PCI FFR and
the potential of further actions to improve post-PCI FFR and clinical
outcomes.**** These studies should also focus on the trade-off of
potential benefits and harm when performing additional interven-
tions in order to improve the final FFR values.

CONCLUSIONS

In this substudy of the FFR-SEARCH registry, the largest real-world
post-PCI FFR registry conducted to this day, we identified sex, LAD

vessels, postprocedural MLD, and several other independent
predictors of postprocedural FFR.
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WHAT IS KNOWN ABOUT THE TOPIC?

— FFR has proven to be a useful technique to address coro-
nary physiology and the hemodynamic significance of
coronary segments pre- and post-intervention.

— Also, the FFR post-stenting has proven to be a strong and
independent predictor of major adverse cardiovascular
events at the 2-year follow-up.

— Unfortunately, at present, there is lack of data on inde-
pendent predictors of post PCI FFR.
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WHAT DOES THIS STUDY ADD?

— This study is the largest report to this day on predictors
of post-PCl FFR.

— Based on data from the FFR-SEARCH registry, we could
identify several patient and procedural predictors of
post-PCI FFR.

— The main predictors included sex, LAD vessels, and post-
procedural lumen dimensions. These predictors will help
us interpret post-PCI FFR values and identify correctly the
vessels that are prone to future events.
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ABSTRACT

Introduction and objectives: The STENTYS Xposition S stent (STENTYS S.A, Paris, France) is the only self-apposing sirolimus-
eluting stent available in the market. The stent features make it useful to treat challenging lesions with proximal-distal different
vessel diameter, ectasia, high thrombus burden, bifurcation lesions including the left main coronary artery or vein grafts. We
describe our own experience with the use of this stent and evaluate its efficacy and safety profile.

Methods: We included all consecutive patients treated with the STENTYS Xposition S from January 2018 to October 2019. All
coronary lesions were quantified using OQCA (quantitative coronary angiography).

Results: A total of 62 lesions in 50 patients were treated with the STENTYS Xposition S. The median age of the patients was 66
years (49-92). The most common clinical presentation was ST-segment elevation acute coronary syndrome in 23 patients (46%).
Ectasia and significant vessel diameter variance were the most common scenario in 72.6% of cases and bifurcation in the remaining
27.4% (2 of them in the left main coronary artery). Pre-dilatation was performed in 32 lesions (51.6%) and post-dilatation in 37
(59.7%). Angiographic success was achieved in all patients except for 1. At the median 373-day follow-up (256-439), 1 patient had
an acute myocardial infarction 3 months after the percutaneous intervention and 1 patient died due to cardiac failure during
admission. There were no cases of definitive stent thrombosis or target lesion revascularization.

Conclusions: The STENTYS Xposition S self-apposing stent showed good angiographic and clinical outcomes in our real-world
experience.

Keywords: Self-apposing stent. Coronary lesion. Major adverse cardiovascular events.

Resultados clinicos y angiograficos del stent autoexpandible STENTYS
Xposition S. Experiencia de un centro

RESUMEN

Introduccion y objetivos: El stent STENTYS Xposition S (STENTYS S.A., Paris, Francia) es el tnico stent autoexpandible liberador
de sirolimus disponible en el mercado. Sus caracteristicas hacen que resulte ttil en lesiones que presentan gran diferencia del
diametro del vaso proximal-distal, ectasia, alta carga de trombo o que se encuentren en bifurcaciones e injertos venosos. Describimos
nuestra experiencia con el uso de este tipo de stent, evaluando su seguridad y eficacia.

Meétodos: Se incluyeron todos los pacientes consecutivos tratados con STENTYS desde enero de 2018 hasta octubre de 2019. Todas
las lesiones coronarias fueron cuantificadas por angiografia coronaria cuantitativa.

Resultados: Se trataron con STENTYS Xposition S 62 lesiones en 50 pacientes. La mediana de edad de los pacientes fue de 66
afios (49-92). La clinica de presentaciéon més frecuente fue el sindrome coronario agudo con elevaciéon del segmento ST en 23
pacientes (46%). La ectasia coronaria y la gran diferencia en los diametros proximal y distal a la lesién fue la indicacién mas
frecuente para el uso de este tipo de stent, en el 72,6% de los casos, seguida del intervencionismo sobre bifurcacién en el 27,4%
de los pacientes (2 de ellos en el tronco coronario izquierdo). Se realizé predilatacion en 32 lesiones (51,6%) y posdilatacién en 37
(59,7%). Se logré el éxito angiografico en todos los pacientes excepto en 1. Tras una mediana de seguimiento de 373 dias (256-439),
1 paciente presenté infarto agudo de miocardio a los 3 meses y 1 paciente fallecié durante el ingreso por insuficiencia cardiaca.
No hubo ningiin caso de trombosis definitiva del stent ni de revascularizacién de la lesién tratada.

Conclusiones: En nuestra experiencia de la vida real, el stent STENTYS Xposition S demostré un buen resultado angiografico
y clinico.

Palabras clave: Stent autoexpandible. Lesién coronaria. Eventos cardiovasculares adversos mayores.
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INTRODUCTION

The STENTYS Xposition S (STENTYS S.A., Paris, France) is a siroli-
mus-eluting self-expanding nitinol stent designed to adapt its size to
the vessel diameter and facilitate its complete apposition when
exerting chronic strength towards the outside. It has long been
confirmed that one of the most important factors of stent thrombosis
is the incorrect apposition of the stent.! The characteristics of this
stent make it especially useful to revascularize acute coronary
syndromes (ACS), especially ST-segment elevation acute coronary
syndromes with lesions with high thrombotic load. Also, a potential
benefit in ectatic coronary vessels and lesions with great proximal
and the distal diameter mismatch has been confirmed, bifurcations
(left main coronary artery [LMCA] included), and venous grafts.

The objective of this study was to assess the benefit of this stent
in the routine clinical practice by analyzing the type of lesions this
stent is used with and the immediate angiographic results and at
the clinical follow-up.

METHODS

A cohort of consecutive patients treated with the STENTYS Xposi-
tion S stent was analyzed from January 2018 through October 2019
in a tertiary hospital where over 1000 percutaneous coronary
interventions are performed each year. All coronary lesions were
quantified using a quantitative coronary angiography. Lesions in
vessels with changes in size (ectasia or proximal-distal diameter
mismatch of the lesion), in a bifurcation, in the presence of a high
thrombotic load or in a venous graft were analyzed. The interven-
tional strategy to be followed, imaging modalities included, was left
to the operator’s criterion. The clinical and follow-up data were
obtained from the electronical clinical records of the healthcare
system of our autonomous community. All events were defined in
a standard way according to the Academic Research Consortium-2
(ARC-2) consensus document.? Patients' informed consent was
obtained to the interventional procedure and, subsequently, verbal
informed consent was given during the follow-up.

The data analysis was conducted using the IBM SPSS 20.0 statis-
tical software package. Continuous variables were expressed as
mean * standard deviation or median with interquartile range
depending on whether they followed a normal distribution or not,
respectively. Qualitative variables were expressed as relative
percentage. The cumulative incidence of events at the follow-up
was estimated.

RESULTS

From January 2018 through September 2019, 1692 percutaneous
coronary interventions with stent implantation were performed.
The STENTYS Xposition S stent was used in 50 patients (62 lesions).
The patients’ median age was 66 years [49-92]. Eighty-eight per cent
of the patients were males. Table 1 shows the clinical characteristic
of patients and coronary lesions. The most common clinical presen-
tation was ST-segment elevation acute coronary syndrome in 23
patients (46%) followed by non-ST-segment elevation acute

Table 1. Clinical characteristics of patients and angiographic characteristics
of the lesions

Patients (N) 50
Age (years) 66.6 (49-92)
Males 44 (88%)
Arterial hypertension 33 (66%)
Body mass index (kg/m?) 27.9+49
Dyslipidemia 32 (64%)
Diabetes mellitus 12 (24%)
Smoking 27 (54%)
Family history of ischemic heart disease 3(6%)
Peripheral vasculopathy 3(6%)
Atrial fibrillation 6 (12%)
Chronic pulmonary disease 6 (12%)
Kidney disease 6 (12%)
Stable angina pectoris 5 (10%)
NSTEACS 22 (44%)
STEACS 23 (46%)
Lesions (N) 62
Lesion length (mm) 14.56 + 3.64
Reference diameter (mm) 41+08
Percent stenosis. QCA (%) 70.08 £ 17
Location of the lesion

Left main coronary artery 3(4.8)

Left anterior descending coronary artery 11(17.7)

Left circumflex artery 15 (24.2)

Right coronary artery 33 (53.2)
Classification of the lesion

A 0

B1 24 (38.8)

B2 19 (30.6)

C 19 (30.6)
Indication for STENTYS

Ectasia. Proximal-distal diameter mismatch 45 (72.6)

Bifurcation 17 (27.4)

Provisional stenting technique 15 (88.2)

Double stent technique 2(11.8)

NSTEACS, non-ST-segment elevation acute coronary syndrome; QCA, quantitative
coronary angiography; STEACS, ST-segment elevation acute coronary syndrome.
Kidney damage: glomerular filtration rate < 60 mL/min/1.73 m2.

Data are expressed as N (%) o mean + standard deviation.
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Figure 1. A: lesion with significant thrombotic load in the mid right coronary artery, which remains after thrombus aspiration. B: 3.5-4.5 mm x 27 mm Xposition
S direct stent implantation. C: final angiographic result. D: significant stenosis in distal left main coronary artery. E: 3-3.5 mm x 27 mm Xposition S stent
implantation from the proximal left main coronary artery to the left anterior descending coronary artery. F: angiographic result after postdilatation.

coronary syndrome in 22 patients (44%), and stable angina in 5
patients (10%). According to the classification established by the
American College of Cardiology/American Heart Association the
most common type of lesion was Bl lesion (38.7%). The right
coronary artery was the most frequently treated vessel in 33
patients (53.2%).

Ectasia and great proximal-distal diameter mistmatch at the lesion
were the main indication for the use of this stent, in 72.6% of the
lesions, with a mean vessel reference diameter of 4.1 mm + 0.8 mm.
A certain size was required to use this type of stent. The percuta-
neous coronary interventional on a bifurcation was the second most
common indication, in 27.4% of the patients (2 of them on the
LMCA). The most common type of bifurcation according to the
Medina classification was 1-1-0, in 9 cases (52.9%). The secondary
branch was damaged in 17% of the patients. The provisional stenting
technique was the most widely used in 15 cases (88.2% of bifurca-
tions) re-crossing to the secondary branch in 9 of them (60%). The
dilatation of the secondary branch only occurred in 7 patients and
only in the other 2 stents were implanted: one in a 0-1-1 bifurcation
according to the Medina classification (minicrash technique) and the
other in a 1-1-1 bifurcation according to this classification (TAP
technique [T-and protrusion technique]). In both cases the STENTYS
Xposition S stent was implanted in the main vessel and a non-self-ap-
posing stent in the secondary branch (figure 1).

A high thrombotic load (Thrombolysis in Myocardial Infarction
flow grade 4-5) was seen in 8 lesions. All of them in ectatic coronary
vessels or with proximal-distal caliber mismatch. No case of venous
graft treated with STENTYS was reported.

Predilatation occurred in 32 lesions (51.6%) and postdilatation in 37
(59.7%). The criterion used for postdilatation was angiography guided
visual underexpansion. Intravascular ultrasound was performed in 15
patients (30%) before the implant. It was also used in 2 patients to
optimize the percutaneous coronary intervention given the persistent
stent underexpansion seen on the angiography. In both cases the
minimum lumen area was > 5.5 mm? with stent expansion > 80%
and lack of incomplete apposition (defined as a strut separation of >
0.4 mm axial and 1 mm longitudinal) (figure 2). The optical coherence
tomography was performed in a patient with ST-segment elevation
acute coronary syndrome before and after the implant. It revealed a
high thrombotic load with lack of immediate stent malapposition.

Angiographic success was achieved (with the stent properly
implanted, a residual lesion < 10%, and Thrombolysis in Myocardial
Infarction flow grade 3) in all patients but 1, in whom stent implan-
tation failed in a severely calcified LMCA lesion. In this case, predila-
tation was first attempted using a conventional balloon and then a
cutting balloon on the LMCA severe distal lesion. A 3.3-4.5 mm x
22 mm STENTYS Xposition S stent was implanted with stent loss
during retrieval, which remained braced to the guide catheter.
Afterwards, a balloon-expandable drug-eluting stent was success-
fully implanted. The un-crimped stent was retrieved by crossing a
guidewire from the femoral access through the stent distal struts.
It was finally captured with a snare.

The median score obtained in the PRECISE-DAPT risk calculator
(Predicting bleeding complications in patients undergoing stent
implantation and subsequent dual antiplatelet therapy) was 16.5
(7-25), and the median score obtained in the DAPT index (Dual



A. Pérez Guerrero et al. REC Interv Cardiol. 2021;3(2):98-102

Figure 2. A: acute thrombotic occlusion in left circumflex artery with Throm-
bolysis in Myocardial Infarction flow grade 0. B: the intravascular ultrasound
shows a great deal of thrombus in the lesions despite thrombus aspiration.
C: implantation of 2 3.5-4.5 mm x 27 mm Xposition S overlapping stents. D: the
intravascular ultrasound performed after stent implantation confirms the good
angiographic results and lack of stent malapposition.

antiplatelet therapy) was 1.15 (-2-4). Ticagrelor was the most
commonly used P2Y , inhibitor (58.1%). A 12-month course of dual
antiplatelet therapy was prescribed in 48 patients (96%].

After a median follow-up of 373 days (256-439), 1 patient had an
acute myocardial infarction 3 months after the intervention.
However, the coronary angiography did not reveal coronary artery
disease progression but confirmed the good results of the previous
intervention. An 84-year-old woman died at admission due to heart
failure. Three patients died of non-cardiac causes: 1 due to septic
shock at admission, the other patient died 6 months after the
percutaneous coronary intervention due to high-grade lymphoma,
and the third one 4 months after the percutaneous coronary inter-
vention due to lung cancer. No cases of definitive stent thrombosis
or revascularization of the treated lesion were reported. No bleeding
was seen either at the follow-up.

DISCUSSION

This type of stent is not widely used in our setting and we believe
2 are the reasons why. The first one is the need for a learning curve
to know how to handle this implant. In former iterations of the
device, the delivery system had some technical limitations like the
jumping phenomenon that could occur right when the sheath was
being released due to the elastic properties of nitinol. Unlike its
predecessor (STENTYS sirolimus DES), the stent of the new STENTYS
Xposition S system, is mounted over a semicompliant balloon and
covered by a 0.0032 in-thick sheath. The reason for balloon inflation
is not to dilate the stent, but to rupture the external sheath from the
distal to the proximal border to allow a proper vessel-wall stent
apposition. This has reduced the complexity of the release mecha-
nism.® However, we should remember that after the implant, the
retrieval of both the balloon and the device sheath should be
conducted with care by separating the guide catheter from the ostium
to avoid deep intubation. The other reason that may explain why
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this stent is still not widely used can the augmented profile of the
device and its rigidity, which both reduce its navigational and
crossing capabilities compared to balloon-expandable stents.

Due to the characteristics of the stent and the experienced gained
using it, the clinical settings where it can be useful are: ectatic
vessel, since the stent reaches 6.5 mm of diameter with the device
L size; proximal and distal diameter mismatch due to its adaptative
capabilities to the vessel caliber; lesions with high thrombotic load,
since this stent self-expanding capabilities facilitate its expansion
until it reaches the vessel wall if thrombus reabsorption occurs,
which avoids late stent malapposition; and bifurcations with ostial
damage and 30° to 70° angles. The stent z-shaped mesh and the
presence of small interconnectors facilitate re-crossing the lateral
branch and disconnecting the struts without having to use the final
kissing balloon technique. Thanks to its self-expanding capabilities,
the unconnected struts cover the lateral branch ostium making the
double stent technique unnecessary on many occasions.

In the studies published on former iterations of the device, the
self-expanding stent proved superior to the balloon-expandable
stent regarding better apposition. The randomized APOSSITION II
clinical trial,* conducted among patients with acute myocardial
infarction, showed a lower rate of stent malapposition (defined as
> 5% of struts per patient as seen on the optical coherence tomog-
raphy) 3 days after the primary percutaneous coronary intervention.
The APOSSITION 1V clinical trial,® also conducted among patients
with acute myocardial infarction, showed a significantly lower
percentage of stent malapposition at the 4-month follow-up in
patients treated with self-expanding stents compared to patients
treated with balloon-expandable stents (0.07% vs 1.16%; P = .002).
However, no inter-group differences were found at the 9-month
follow-up (0.43% vs 0.28%; P = .55) or in the rate of major adverse
cardiovascular events (MACE). The clinical repercussions of this
improvement in the early apposition of the stent has not been
studied thoroughly. The APOSSITTION III trial® showed that the
use of STENTYS BMS in the percutaneous coronary intervention
setting was associated with acceptable cardiovascular results at the
2-year follow-up, an overall rate of MACE of 11.2%, and a rate of
stent thrombosis of 3.3%. We should mention that this study
revealed a significant reduction of adverse events after the system-
atic implementation of a standard protocol (predilatation, implan-
tation, postdilatation). The data available support the hypothesis of
the need for mild postdilatation to avoid early complications prob-
ably because the stent does not have enough radial strength to
achieve a proper expansion in rigid often calcified lesions, espe-
cially when predilatation is not fully effective. Therefore, postdila-
tation would avoid the incomplete expansion of the stent, which
may increase the risk of stent thrombosis.”

Our study with the STENTYS Xposition S stent reached angiographic
success in 98.4% of the cases, although we should remember that,
from the anatomical point of view, they were not complex lesions
(only 30% were type C lesion). Stent implantation failed in 1 severely
calcified LMCA lesion; it is precisely in this type of lesions where
its use is ill-advised, especially if predilatation is not effective.®

Regarding its use in bifurcations the studies published to this day
have also discussed a former iteration of this device with good
results. In the observational, multicenter, and prospective OPEN II
trial,” the rate of MACE at the 12-month follow-up was 13% (10.1%
at 6 months). This rate of events was basically due to the need for
revascularization of the treated lesion, while the rate of stent throm-
bosis at the 12-month follow-up was 1%. We should also mention
that the kissing balloon technique was only used in 21.7% of the
patients. Also, there were no significant differences in the rate of
MACE between patients in whom the kissing balloon technique
was used and those in whom it was not used.’
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To this day, the only study published on the new STENTYS Xposition
S model is the TRUNC, a prospective and multicenter study that
assessed the efficacy and safety profile of this type of stent in the
LMCA. Angiographic success was achieved in 96.6% of the patients
and the overall rate of MACE was 8.3% at the 12-month follow-up,
basically due to revascularization of the lesion treated in 5.4%.'° Here
we should mention the preliminary results reported by the SIZING
(Worldwide every-day practice registry assessing the Xposition S
self-apposing stent in challenging lesions with vessel diameter variance)
and WIN (World-wide registry to assess the STENTYS Xposition S for
revascularization of coronary arteries in routine clinical practice)
registries. Both registries confirm the safety and efficacy profile of
the current iteration of the stent in the routine clinical practice.

Limitations

Our study has several limitations. Because of its retrospective,
single-center nature and the limited number of cases involved, we
cannot draw definitive conclusions on the device safety and efficacy
profile. No intracoronary imaging modality was performed system-
atically to guide the implant, which may have been useful, espe-
cially the optical coherence tomography. However, we believe that
this study is relevant due to the scarce evidence available on the
last iteration of this stent.

CONCLUSIONS

In our series of lesions located in ectatic vessels or with proxi-
mal-distal diameter mismatch and in bifurcations, the STENTYS
Xposition S stent is a good therapeutic alternative that achieves good
immediate angiographic results and good mid-term clinical results.
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WHAT IS KNOWN ABOUT THE TOPIC?

— Balloon expandable stents can have limitation in certain
scenarios like in the revascularization of lesions with
significant proximal-distal diameter mismatch, high

A. Pérez Guerrero et al. REC Interv Cardiol. 2021;3(2):98-102

thrombotic loads, and situations of bifurcations or in
venous grafts. In these situations, the STENTYS Xposition
S self-expanding stent can be especially useful.

WHAT DOES THIS STUDY ADD?

— This type of stent is not widely used in our specialty. We
described the experience of our own center with the
STENTYS Xposition S stent. Despite the greater difficulty
when trying to advance it and the complexity involved in
its delivery, the rate of successful implantation was high.
We should not forget that this type of stent is recom-
mended in non-complex or non-calcified anatomical
lesions. In general, predilatation is recommended to
prepare the lesion and postdilatation to secure the
proper expansion of the stent since the stent lacks the
necessary radial strength. In our series of patients,
the STENTYS Xposition S stent was safe and with a low
rate of adverse cardiovascular adverse events at the
1-year follow-up.
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ABSTRACT

Introduction and objectives: To analyze if there is an association between certain structural variables of the treating centres
(availability of cardiac surgery and an intensive care unit [CICU] led by cardiologists) and the volume of procedures performed
that may be impacting the results of surgical (SAVR) or transcatheter (TAVI) aortic valve treatment.

Methods: Retrospective and observational study of all patients discharged from hospitals from the Spanish National Health System
who underwent a SAVR or a TAVI procedure. The source of the data was the administrative minimum basic data set. The outcome
variables analyzed were in-hospital mortality, length of stay (both of them risk-adjusted), and presence of complications. As
structural variables for the centers studied we used the availability of cardiac surgeries and CICU.

Results: A total of 2055 TAVI and 15 146 SAVR episodes were identified. The adjustment models for in-hospital mortality showed
good discrimination (AUC for the SAVR and TAVI model: 0.84; 95%CI, 0.82-0.85) and calibration (P < .001). The model median
odds ratio was 1.73, indicative of a high inter-hospital variability. High-volume hospitals, with cardiac surgery services, and
CICU-capable centers had the lowest risk-adjusted mortality rate in both procedures.

Conclusions: A consistent association is observed between the structural characteristics of the treating centers and the results of
aortic valve management both surgical and transcatheter. Also, the availability of a CICU could be a relevant factor in the outcomes
of these procedures.

Keywords: TAVI. Volume. Results. Aortic stenosis. Surgery.

Reemplazo valvular aértico percutdneo y quirdrgico. Influencia
del volumen y del tipo de centro tratante en los resultados

RESUMEN

Introduccion y objetivos: Analizar la asociacién entre algunas variables estructurales de los centros tratantes (disponibilidad de
cirugia cardiaca y de unidad de cuidados intensivos cardiolégicos [UCIC]), asi como su volumen de procedimientos, con los
resultados del reemplazo quirtrgico de valvula adrtica (ROVA) o transcatéter (TAVI).

Meétodos: Estudio observacional retrospectivo de todos los pacientes dados de alta en los hospitales del Sistema Nacional de Salud
espafiol a quienes se realizé6 un procedimiento ROVA o TAVI en los afios 2014 y 2015. La fuente de los datos fue el Conjunto
Minimo Basico de Datos. Las variables de resultados analizadas fueron la mortalidad intrahospitalaria, la duracién de la estancia
(ambas ajustadas por el riesgo) y la presencia de complicaciones. La disponibilidad de cirugia cardiaca y la disponibilidad de UCIC
se utilizaron como variables estructurales de los centros.
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en ambos procedimientos.

en los resultados de dichos procedimientos.

Resultados: Se analizaron 2.055 TAVI y 15.146 ROQVA. Los modelos de ajuste para la mortalidad intrahospitalaria mostraron una
buena discriminacién (area bajo la curva ROC para el modelo conjunto de TAVI y ROVA: 0,84; IC95%, 0,82-0,85) y calibracion (p
< 0,001). La odds ratio mediana del modelo fue de 1,73, lo que sefiala una elevada variabilidad interhospitalaria. Los hospitales
con mayor volumen de actividad, con servicio de cirugia cardiaca y dotados de UCIC muestran menor mortalidad ajustada al riesgo

Conclusiones: Se observa una asociacién consistente entre las caracteristicas estructurales de los centros tratantes y los resultados
del reemplazo valvular aértico, tanto quirtrgico como transcatéter. Ademas, la disponibilidad de UCIC podria ser un factor relevante

Palabras clave: TAVI. Volumen. Resultados. Estenosis adrtica. Cirugia.

Abbreviations

RA-SMR: risk-adjusted standardized mortality ratio. RA-LOSR: risk-adjusted length of stay ratio. MBD: minimum basic dataset. SAVR:
surgical aortic valve replacement. TAVI: transcatheter aortic valve implantation.

INTRODUCTION

Severe aortic stenosis is a common disease in our setting and has
high morbidity and mortality rate. Its basic treatment is valve
replacement.! Over the last 2 decades, transcatheter aortic valve
implantation (TAVI) has joined the traditional surgical aortic valve
replacement (SAVR).?

Data are clear on the association between results and certain char-
acteristics of the centers. The fact that has been most described in
the medical literature is that, regarding mortality and complica-
tions, better results are obtained in those centers that reach the
activity threshold (per center and per operator) for certain processes
and procedures,*” including coronary artery bypass graft (CABG)>*
and primary angioplasty.”!' Regarding TAVI, the association
between volume and results has been reported in hospitals in the
United States.'?'* In Germany, this association is less obvious.'® In
Spain, the association between volume and results has also been
reported for CABG.!°

There are fewer studies that analyze the structural characteristics of
the centers and their association with the characteristics of the health-
care systems of every country and the results obtained. In Spain,
Bertomeu et al.'” found a lower mortality rate in patients with acute
myocardial infarction (AMI) in high-volume centers with higher
complexity. Worner et al.'® described a lower mortality rate in the
management of AMI in hospitals with cardiac surgery and intensive
care unit (CICU) capabilities. Rodriguez-Padial et al.' found better
results in the management of AMI in hospitals serving large commu-
nities. The association between CICU availability and better results
has also been reported in our setting for the management of cardio-
genic shock due to ST-segment elevation myocardial infarction.?”

Our objective was to analyze the structural variables of the treating
centers (availability of CICU), the volume of procedures performed
and their association with results obtained after aortic valve
replacement (whether through TAVI or SAVR).

METHODS

Population and sources of data

This is an observational and retrospective study of all the patients
discharged from the hospitals of the Spanish National Healthcare

System who underwent a SAVR o a TAVI procedure. The source of
data was the minimum basic dataset (MBD) of the Spanish National
Healthcare System of 2014 and 2015 (the only years available with
a specific code for TAVI in the MBD). The clinical results of the
patients transferred were assigned to the centers from which they
were eventually discharged. Whenever the same episode was treated
through TAVI and SAVR, it was considered as a TAVI treated
episode and SAVR as a TAVI related complication. The main result
variables were in-hospital mortality, length of the hospital stay, and
in-hospital complications. The codes used for the complications seen
are shown on table 1 of the supplementary data.

Hospital structural variables

To analyze the possible correlation between the hospital structural
variables and the results of aortic valve implantation both the
volume of procedures performed and the cardiovascular resources
available were studied. Hospitals were classified based on the
availability of cardiology related resources and according to the
RECALCAR criteria?! (table 2 of the supplementary data). Regarding
this study, to analyze the inter-hospital differences, only those with
cath lab capabilities without (type 3) and with cardiac surgery (type
4) were included. The availability of CICU based on a survey
previously conducted by the Spanish Society of Cardiology was also
included.?” The characteristics to consider the presence of a CICU
were: a) a comprehensive capacity to manage patients in critical
condition including invasive mechanical ventilation, and b) the
administrative adhesion of the CICU to the cardiology unit.

Statistical analysis

The risk adjustment models were specified based on the Centers
for Medicare and Medicaid Services (CMS) methodology. Regarding
CABG, the variables included in the 30-day mortality model were
considered as independent variables.?® Also, certain variables
anticipated by the Society of Thoracic Surgeons score for aortic
valve replacement—and that can be identified in the MBD?*—were
included too. Finally, the CMS model was adjusted to the data
structure of the MBD after gathering secondary diagnoses based
on clinical categories.?® The multilevel logistics regression models
were also adjusted.?*?” Only statistically significant comorbidities
and odds ratio (OR) > 1.0 were considered for the adjustment
model.
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Based on specified models the risk-adjusted standardized mortality
ratio (RA-SMR) was estimated.?® To adjust the length of the hospital
stay, the Poisson regression model was used including the year of
hospital discharge, the sex of the patient, and the degree of severity
of groups related by refined diagnosis as risk factors. The expected
length of the hospital stay was obtained from the individual predic-
tions of the adjusted model. Also, the risk-adjusted length of stay
ratio (RA-LOSR) was estimated as the coefficient between the length
of the stay observed and the length of the stay expected.

To distinguish between high and low-volume hospitals (based on
the number of episodes treated), a group clustering algorithm was
used. To that end, the mathematical model used was developed
with two thirds of the database and validated with the remaining
third. The algorithm ranked as high-volume centers for TAVI those
that performed > 46 procedures, and as high-volume centers for
SAVR those that performed > 240 procedures during the study
2 year-period (2014-2015).

Quantitative variables were expressed as means + standard deviations
and the qualitative ones as frequencies and percentages. The correla-
tion among the quantitative variables was analyzed using Pearson
correlation coefficient. For comparison purposes, the Student ¢ test
for 2 samples and the analysis of variance (ANOVA) were used with
correction of the level of significance using the Bonferroni method
for > 3 groups. Comparisons among the different categorical variables
were conducted using the chi-square test or Fisher's exact test.

All comparisons were bilateral, and differences were considered
statistically significant with P values < .05. Statistical analyses were
conducted using the STATA 13 and SPSS v21.0 software package.

RESULTS

A total of 2055 TAVIs and 15146 SAVRs were performed. Back in
2014 a total of 812 TAVIs were performed in 47 centers and in
2015 the number went up to 1243 in 53 centers.

The differences seen in the profile of the patients who underwent
TAVI and SAVR are shown on table 1 and table 2, respectively,
based on the type of hospital where procedures were performed.
No statistically significant differences regarding age and sex were
seen in patients who underwent TAVI in any of the 4 groups. Still,
comorbidity was significantly higher (higher Charlson index and
higher incidence of heart failure) in patients treated in type 3
non-CICU hospitals.

Regarding patients who underwent SAVR, by definition in type 4
hospitals, no statistically significant differences were seen regarding
age, sex or presence of comorbidities among patients treated with
and without CICU except for a higher prevalence of cardiogenic
shock and previous percutaneous coronary interventions in
non-CICU hospitals (2.0% vs 1.3%, P < .001; and 4.9% vs 3.9%,
P = .004, respectively) (table 2).

The in-hospital mortality adjustment model for surgical aortic valve
replacement showed good discrimination capabilities (area under
the ROC curve, 0.84; 95% confidence interval [95%CI], 0.82-0.85)
and calibration (P < .001). The model median odds ratio was 1.73,
indicative of a high inter-hospital variability.

The SAVR specific in-hospital mortality adjustment model also
showed excellent discrimination and calibration capabilities too
(area under the ROC curve, 0.84; 95%CI, 0.83-0.84; calibration,
P < .001) that were slightly lower for the TAVI specific adjustment
model (area under the ROC curve, 0.79; 95%CI, 0.74-0.84; calibra-
tion, P < .001).
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Characteristics of the treating center and TAVI results

Type 4 hospitals had a significantly lower RA-SMR compared to type
3 hospitals (4.04 £ 0.98 vs 4.47 + 0.79). No statistically significant
differences were seen on the RA-LOSR (0.99 + 0.81 vs 1.07 = 0.81;
P = .278). The presence of a CICU was associated with a slightly
lower, but sill statistically significant, RA-SMR (4.03 £ 0.87 vs 4.1 £
1.07; P < .001). The correlation between CICU and a lower RA-SMR
was also found in type 4 (4.03 £ 0.88 vs 4.05 £ 1.08; P < .001) and
type 3 hospitals (4.09 £ 0.06 vs 4.59 £ 0.87; P < .001) (table 3).

CICU capable type 4 hospitals had a higher incidence of postoper-
ative shock (1.8% vs 0.6%; P = .017), the same incidence of sepsis
(0.8% vs 0.8%; P < .819), and a lower RA-SMR (4.03 + 0.88 vs 4.05
+ 1.08; P < .001) compared to non-CICU hospitals.

Regarding the volume of procedures performed by the hospitals,
the median of TAVI per year was 11 [2-36] for low-volume centers
and 33 [9-67] for high-volume hospitals. The RA-SMR was lower in
high-volume hospitals (3.95 + 1.08 vs 4.26 £ 0.72; P < .001) (table 4
and figure 1). The mean adjusted stay did not show any differences
between CICU capable and non-CICU hospitals (1.00 = 0.85 vs 0.98
+ 0.77; P = .581). In general, regarding the crude complication
rates, TAVI did not show any statistically significant differences
between high and low-volume hospitals (table 4).

Characteristics of the treating center and SAVR results

The presence of a CICU turned out to be a protective factor for
in-hospital mortality in these patients (OR, 0.79; 95%CI, 0.67-0.93;
P = .005). However, the different RA-SMRs seen among various
centers with and without CICU capabilities did not show statisti-
cally significant differences (5.91 + 1.49 with CICU vs 5.94 + 1.72
without it; P = .335) (figure 1). The same thing happened with the
RA-LOSR. CICU capable type 4 hospitals had a higher incidence of
postoperative shock (2.2% vs 1.3%; P = .024) but a lower incidence
of sepsis (1.1% vs 2.3%; P < .001) (table 5).

In relation to the volume of procedures performed, the RA-SMR
was lower in high-volume hospitals (5.89 + 1.54 vs 6.27 + 2.02;
P < .001) (table 6) without any statistically significant differences
with respect to the RA-LOSR (0.99 + 0.73 vs 1.06 £ 0.75; P = .463).
No statistically significant differences were seen between high and
low-volume hospitals in the crude complication rates (table 6).

Association between TAVI and SAVR results

In type 4 hospitals, no statistically significant linear correlations were
found between the RA-SMRs of TAVI and those of SAVR (r = 0.21;
P = .14). Similarly, the SAVR high-volume variable had a non-statisti-
cally significant protective effect when it was introduced in the risk-ad-
justment model of TAVI related in-hospital mortality (OR, 0.73; 95%CI,
0.33-1.62). The 17 hospitals (1134 episodes identified) that shared the
TAVI and SAVR high-volume feature had a TAVI related RA-SMR that
was significantly lower compared to centers with the TAVI and SAVR
low-volume feature (4 £ 1.1 vs 4.5 £ 0.7; P < .001). A single center
(80 episodes) with a high-volume of TAVI and a low-volume of SAVR
had the lowest TAVI related RA-SMR of all (2.8 £0.3; P < .001 with
respect to a high-volume of TAVI and SAVR performed).

DISCUSSION

This study findings that included real-world data in our country,
show a consistent correlation between the hospital structural char-
acteristics and the results obtained in aortic valve replacement
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Table 1. Differences in the profile of patients and in the results of transcatheter aortic valve implantation based on the structural characteristics of each

center (2014-2015)

Type 3 hospitals Type 4 hospitals

Non-CICU Cicu Non-CICU Cicu P
Number of episodes 85 25 865 1064
Age 81359 824+25 80.6 6.9 80.8 + 6.8 408
Sex 54.1 44 52.1 50.4 .705
Charlson index 76+15 72+18 7116 13+17 .022
Cardiogenic shock 1.2 0.0 0.8 1.1 .854
Previous percutaneous transluminal coronary angioplasty 129 24.0 20.6 15.7 .02
Infectious endocarditis 0.0 0.0 0.1 0.2 .952
CABG in the episode 0.0 0.0 05 0.3 .836
Percutaneous transluminal coronary angioplasty in the episode 24 0.0 37 5.4 .155
Previous CABG in the episode 35 8.0 9.1 79 311
Cancer, metastatic cancer, and acute leukemia (CC8_14) 35 4.0 3.2 5.0 .293
Protein-calorie malnutrition (CC21) 0.0 0.0 05 0.3 .836
Morbid obesity: other endocrine/metabolic/nutritional disorders (CC22_25_26) 50.6 64.0 55.1 48.1 .01
Vascular or circulatory disease (CC27_32) 5.9 0.0 3.1 5.1 103
Other gastrointestinal disorders (CC38) 16.5 8.0 10.6 1.3 404
Dementia or other specific cerebral disorders (CC51_53) 12 0.0 1.4 24 .307
?C%?B@Tj?){%iﬂ%%ﬁgpge;ralySIS' functional disability 0.0 0.0 12 20 97
Congestive heart failure (CC85) 435 44.0 28.8 320 .014
Acute myocardial infarction (CC86) 12 0.0 0.7 0.9 .878
Unstable angina and other acute ischemic heart diseases (CC87) 0.0 0.0 0.9 0.6 .634
Angina; acute myocardial infarction (CC88) 35 12.0 24 217 .036
Hypertension (CC95) 435 56.0 58.6 51.9 .005
Stroke (CC99_100) 24 0.0 1.3 0.8 492
Vascular or circulatory disease (CC106_109) 17.6 28.0 18.6 216 267
Chronic obstructive pulmonary disease (CC111) 9.4 24.0 134 121 271
Pneumonia (CC114_116) 1.2 0.0 1.2 23 259
Kidney dialysis (CC134) 24 0.0 0.3 0.8 139
Kidney damage (CC135_140) 36.5 24.0 23.9 27.8 .04
Pressure ulcers or chronic skin ulcer (CC157_160) 12 40 05 0.3 .031
Chronic skin ulcer except for pressure ulcers (CC161) 0.0 0.0 0.6 0.0 .078
Diabetes mellitus or diabetic complications except for proliferative 341 220 347 299 868

retinopathy (CC17_19_123)

CABG, coronary artery bypass graft; CC, Condition Categories;? CICU, cardiac surgery and intensive care unit.

Note: 16 episodes could not be identified into any of the 4 groups of hospitals.
Data are expressed as no. (%) or mean + standard deviation.

procedures, both surgical and transcatheter (figure 1). High-volume
hospitals with cardiac surgery and intensive care units (CICU) have
lower risk-adjusted mortality rates in both procedures.

In relation to the association between volume and results, our
study also shows TAVI results that are consistent to those described

by the medical literature,’’'* with mortality rates that are similar
to those seen in other countries in the study period (2014-2015)
and higher to those published for 2015-2017.'* In Spain, the
mortality rate differences seen after adjusting for high and
low-volume centers are lower to the ones reported, which may be
explained because, actually in those years in Spain, low-volume
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Table 2. Differences in the profile of patients and in the results of surgical aortic valve replacement based on the structural characteristics of each center

(2014-2015)

Hospitales tipo 4

Non-CICU Cicu P

Number of episodes 6456 7523

Age 69.3+11.2 69.6 £ 11.3 .053
Sex 4.7 4.8 .823
Charlson index 65+18 65+19 .885
Cardiogenic shock 20 1.3 .001
Previous percutaneous transluminal coronary angioplasty 49 39 .004
Infectious endocarditis 15 14 .507
CABG in the episode 18.9 18.9 .894
Percutaneous transluminal coronary angioplasty in the episode 0.5 0.8 116
Previous CABG in the episode 24 35 <.001
Cancer, metastatic cancer, and acute leukemia (CC8_14) 20 26 .023
Protein-calorie malnutrition (CC21) 0.6 0.2 <.001
Morbid obesity: other endocrine/metabolic/nutritional disorders (CC22_25_26) 49.7 495 789
Vascular or circulatory disease (CC27_32) 4.1 37 .209
Other gastrointestinal disorders (CC38) 7.0 8.2 .006
Dementia or other specific cerebral disorders (CC51_53) 0.8 0.8 .666
Hemiparesis, paraplegia, paralysis, functional disability (CC70_74_103_104_189_190) 1.7 1.7 131
Congestive heart failure (CC85) 19.2 241 <.001
Acute myocardial infarction (CC86) 1.4 14 670
Unstable angina and other acute ischemic heart diseases (CC87) 1.7 1.6 528
Angina; acute myocardial infarction (CC88) 12 1.4 242
Hypertension (CC95) 55.6 53.5 015
Stroke (CC99_100) 1.7 2.0 140
Vascular or circulatory disease (CC106_109) 19.7 211 .034
Chronic obstructive pulmonary disease (CC111) 11 117 .893
Pneumonia (CC114_116) 1.9 21 .309
Kidney dialysis (CC134) 0.3 0.4 .857
Kidney damage (CC135_140) 18.9 18.5 .576
Pressure ulcers or chronic skin ulcer (CC157_160) 0.8 0.5 058
Chronic skin ulcer except for pressure ulcers (CC161) 0.2 0.2 707
Diabetes mellitus or diabetic complications except for proliferative retinopathy (CC17_19_123) 25.3 23.3 .007

CABG, coronary artery bypass graft; CC, Condition Categories;? CICU, cardiac surgery and intensive care unit.

Note: 1167 episodes could not be identified in any of the 2 groups of hospitals.

Data are expressed as no. (%) or mean * standard deviation. Only statistically significant factors with OR > 1 are shown.

centers were being compared to very low-volume centers. There-
fore, 52 out of the 53 center that performed TAVIs in Spain from
2014 through 2015 were within the range of the 2 lower quartiles
(5-54 procedures per year), per volume of procedures performed,
in the study conducted by Vemulapalli et al.'*. Only 7 of those
centers were above the range of the lower tercile in the study
conducted by Kaier et al.'®.

These data should be interpreted in the context of the learning
curve of this technique in our country.?’

The correlation between a higher volume and a lower RA-SMR was
also found for SAVR. Again in this case, low-volume centers were
being compared since only 12 and 10 out of the 42 centers, in 2014
and 2015 respectively, performed > 200 SAVRs, and over 70% of
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Table 3. Differences in the results of transcatheter aortic valve implantation based on the characteristics each center (2014-2015)

Type 3 hospitals

Type 4 hospitals

Non-CICU cicu Non-CICU cicu :
Acute myocardial infarction 1.2 0.0 0.7 0.9 .878
Implantation of permanent pacemaker 17.6 16.0 132 15.0 .536
Postoperative stroke 1.2 0.0 1.0 0.6 .624
Prosthetic heart valve complications 3.53 0.00 1.85 4.32 .002
Postoperative shock 0.00 0.00 0.58 1.79 .017
Postoperative kidney damage 1.2 0.0 25 24 743
Hemorrhage or hematoma complicating the procedure 16.5 320 10.5 13.7 .003
Accidental puncture or laceration during the procedure 35 0.0 3.2 40 .600
Postoperative infection 1.2 0.0 0.6 1.7 .145
Sepsis 0.0 0.0 0.8 0.8 819
Vascular surgery during admission 24 4.0 5.0 5.7 542
RA-LOSR 1.10 £ 0.87 0.97 + 0.47 0.98+ 0.77 1.00 + 0.85 .581
RA-SMR 4.59 + 0.87 4.09 + 0.06 4.05 + 1.08 4.03 +0.88 <.001

CICU, cardiac surgery and intensive care unit; RA-LOSR, risk-adjusted length of stay ratio; RA-SMR, risk-adjusted standardized mortality ratio.

Data are expressed as no. (%) or mean + standard deviation.

Table 4. Differences in the results of transcatheter aortic valve implantation
based on the volume of cases of each center (2014-2015)

Low-volume High-volume P

centers centers
Acute myocardial infarction 0.63 0.95 31
Implantation of permanent pacemaker 14.21 14.36 489
Postoperative stroke 0.91 0.71 402
Prosthetic heart valve complications 2.92 4.86 .366
Postoperative shock 1.46 1.33 172
Postoperative kidney damage 2.54 2.29 412
ﬁj:;:]dge:gzlpprl;r;(;t;:::eor laceration 272 418 054
Postoperative infection 1.30 1.10 424
Sepsis 117 0.55 .105
Vascular surgery during admission 4.15 5.92 .049
RA-LOSR 0.992 + 0.655  1.008 + 0.787  .237
RA-SMR 4.26 + 0.72 3.95+1.08 <.001

RA-LOSR, risk-adjusted length of stay ratio; RA-SMR, risk-adjusted standardized
mortality ratio.
Data are expressed as no. (%) or mean + standard deviation.

the centers were within the 2 lower quartiles of SAVR volume
according to the study conducted by Hirji et al.®°.

In this study, TAVI and SAVR high-volume centers had a lower
TAVI-adjusted mortality rate compared to low-volume centers for

both procedures, which is consistent with the findings reported by
Mao et al.’'. However, the only hospital identified as a high-volume
center for TAVI and a low-volume center for SAVR had excellent
TAVI results; since it was a single center with limited number of
cases (4% of all TAVIs performed), this finding, suggestive that
specific experience is more relevant than global experience in aortic
valve replacement procedures, should be studied in the future.
However, this is reasonable because it shows that here experience
accumulates per processes or specific dedicated teams rather than
centers in general.

Since no references were found in the medical literature, the
newest finding of this study was the association between the pres-
ence of a CICU and the lower mortality rate reported for both
techniques. This correlation is even more solid and clinically signif-
icant for TAVI rather than SAVR, which seems somehow intuitive,
since patients treated with SAVR are often referred to general
intensive care units.

The association between CICU availability and optimal results in
the management of cardiogenic shock in the AMI setting®” had been
described by the Spanish National Healthcare System. However,
this association had not been reported in surgical procedures.
Medical literature describes a virtuous relation between the volume
of SAVRs performed and TAVI results, which is probably associated
with the greater experience of the heart team.?*! The presence of
a CICU can be a variable that includes both the cardiologists’
greater experience and higher participation in the management of
patients in critical cardiac condition and the experience of the
hospital, cardiology unit, and cardiac surgery unit. In both cases,
the CICU contributes to a better management of patients treated
with interventional procedures (TAVI and SAVR) across the entire
healthcare process.

Therefore, the results described may me important to plan health-
care and allocate resources such as teaching and training in the 2
aforementioned procedures.
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Figure 1. In-hospital mortality adjusted comparison for transcatheter aortic valve implantation (TAVI) and surgical aortic valve replacement (SAVR). Note that,
regarding SAVR, in low-volume centers with CICU only 1 center was excluded. CICU, cardiac surgery and intensive care unit; RA-LOSR, risk-adjusted length

of stay ratio; RA-SMR, risk-adjusted standardized mortality ratio.

Table 5. Differences in the results of surgical aortic valve replacement based
on the characteristics of each center (2014-2015)

Table 6. Differences in the results of surgical aortic valve replacement based

on the volume of cases of each center (2014-2015)

Type 4 hospitals Low-volume High-volume P
P centers centers
Non-CICU CICU

Acute myocardial infarction 1.81 1.37 .066
Acute myocardial infarction 1.4 14 .67
Implantation of permanent pacemaker 4.0 45 138 :]rz;c)leamn;a;:;n of permanent 315 4.32 m
Postoperative stroke 11 13 305 Postoperative stroke 0.93 1.22 a7
Prosthetic heart valve complications 25 1.1 729 Prosthetic heart valve complications ~ 1.54 1.14 072
Postoperative shock 13 22 024 Postoperative shock 2.26 2.44 320
Postoperative kidney damage 6.9 6.1 038 Postoperative kidney damage 6.63 6.67 462
;Zmp(::::xrzr hematoma complicating g, 63 767 E:t?:]‘;rng:r;’;:del::t°ma compli- 5g5 6.35 279
ﬁ]cec:)dne;r;:a;upr:ncture or laceration during 10 08 095 ngi\iepﬁ:lpﬁl;rgzt;l:feor laceration 0.82 0.88 445
Postoperative infection 1.8 22 132 Postoperative infection 1.57 2.04 112
Sepsis 23 1.1 <.001 Sepsis 1.46 1.69 .269
Vascular surgery during admission 2.7 3.1 .166 Vascular surgery during admission 222 2.93 .055
RA-LOSR 1.00+068 099+067 .770 RA-LOSR 1.06 + 0.75 0.99 +0.73 463
RA-SMR 591+149 594+172 335 RA-SMR 6.27 + 2.02 5.89 + 1.54 <.001

CICU, cardiac surgery and intensive care unit; RA-LOSR, risk-adjusted length of stay
ratio; RA-SMR, risk-adjusted standardized mortality ratio.
Data are expressed as no. (%) or mean + standard deviation.

CICU, cardiac surgery and intensive care unit; RA-LOSR, risk-adjusted length of stay
ratio; RA-SMR, risk-adjusted standardized mortality ratio.
Data are expressed as no. (%) or mean + standard deviation.
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Limitations

This study is a retrospective analysis of administrative data.
However, even with its inherent limitations, the validity of its
design has been compared to clinical registries.?**? Such reliability
allows us to compare the results of multiple hospitals*® and has
been used specifically to analyze TAVI results.!'132939 However,
we should mention that data from the MBD should be interpreted
with caution because they were not audited. Finally, this study
shows the early experience with TAVI, probably still within the
learning curve of this technique in the centers studied, which is
why findings should be compared to more recent and larger series.

CONCLUSIONS

There is a correlation between the structural characteristics of the
treating centers and the results obtained in aortic valve replace-
ment, both surgical and endovascular, with great heterogeneity
among the various centers. Large volume hospitals with cardiac
surgery units and CICU capabilities have a lower risk-adjusted
mortality rate in both procedures.
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WHAT IS KNOWN ABOUT THE TOPIC?

- Symptomatic severe aortic stenosis is a common cause
of morbidity and mortality in our country. The treatment
recommended here is aortic valve replacement.

- Innumerous medical and surgical procedures, the volume
of procedures performed by the treating hospital has
proven to play a significant role in the results obtained.

1.J. Nuriez-Gil et al. REC Interv Cardiol. 2021,3(2):103-111

- This correlation between volume and results has been
specifically reported for TAVI. In Spain, it has been
reported for AMI, cardiogenic shock, and coronary revas-
cularization surgery, among others.

WHAT DOES THIS STUDY ADD?

- This article analyses real-world data in our country from
over 17000 patients who received a prosthetic aortic
valve through SAVR or TAVI.

- The findings show an important heterogeneity and a
consistent correlation between the structural character-
istics of the treating centers and the results obtained in
aortic valve replacement both through SAVR and TAVI.

- Large-volume centers with cardiac surgery units and

CICU capabilities run by cardiologists have lower risk-ad-
justed mortality rates in both procedures.

SUPPLEMENTARY DATA
G Supplementary data associated with this article can be

found in the online version available at https://doi.org/
10.24875/RECICE.M20000154.
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ABSTRACT

Introduction and objectives: A better positioning of left atrial appendage closure (LAAC) requires assessment of its clinical benefits
to reduce thromboembolic and bleeding events in a real-word population.

Methods: Single-center retrospective study of our consecutive LAAC activity for 9 years. Both the device success and procedural
success were registered as well as the reduction of the expected rates of thromboembolic and major bleeding events.

Results: A total of 260 LAAC procedures were performed in a population with nonvalvular atrial fibrillation with CHA,DS,-VASc
and HAS-BLED scores of 4.3 + 1.6 and 3.7 + 1.2, respectively. Procedural success was 98.8%, and the rate of serious adverse
events within the first 7 days was 2.3%. At a median follow-up of 2.5 + 1.9 years and an estimated population of 637.9 patients-
year, the thromboembolic event rate was 1.4 per 100 patients-year (75.5% risk reduction) and the rate of major bleeding was 3.0
per 100 patients-year (58.5% risk reduction), which was significantly lower than anticipated. The thromboembolic and major
bleeding events per 100 patients-year showed a lower tendency for patients with very long follow-up (over 4 years) compared to
the remaining of the population (0.7 vs 2.0 with P = .17, and 1.7 vs 4.0 with P = .09, respectively).

Conclusions: In our population, the LAAC showed high procedural success and a low rate of periprocedural adverse events. LAAC
induced a significant reduction in the rate of predicted thromboembolic and hemorrhagic events, and this reduction was maintained
even at very long follow-up.

Keywords: Percutaneous closure. Arterial embolism. Cerebral ischemia.

Una década de cierre percutdneo de la orejuela izquierda: desde
el procedimiento hasta el beneficio a largo plazo

RESUMEN

Introduccion y objetivos: Conocer el beneficio clinico del cierre percutdneo de la orejuela izquierda (OI) en nuestro medio; en
concreto, la reduccién de eventos tromboembélicos y hemorrdgicos, que permitiria un mejor posicionamiento de esta
intervencion.

Meétodos: Estudio retrospectivo que recoge la actividad del cierre de OI en un centro durante 9 afios. Se registraron la tasa de éxito
del dispositivo y del procedimiento, asi como las tasas de eventos tromboembélicos y de hemorragia mayor.

Resultados: Se evaluaron 260 procedimientos de cierre de OI en una poblacién con fibrilacién auricular no valvular y puntuacién
en las escalas CHA,DS,-VASc de 4,3 + 1,6 y HAS-BLED de 3,7 + 1,2. El éxito del procedimiento fue del 98,8%, y la tasa de
eventos adversos graves en los primeros 7 dias fue del 2,3%. Con un seguimiento medio de 2,5 + 1,9 afios y una poblacién
de 637,9 pacientes-afio, la tasa de eventos tromboembélicos fue de 1,4 por 100 pacientes-afio (75,5% de reducciéon del riesgo) y la de
hemorragia mayor fue de 3,0 por 100 pacientes-afio (58,5% de reduccién del riesgo), ambas significativamente menores que las
predichas. Las tasas de eventos por 100 pacientes-afio en los pacientes con seguimiento muy largo (més de 4 afios) mostraron
tendencia a ser menores que en el resto de la poblacién (0,7 frente a 2,0, con p = 0,17, para evento tromboemboélico, y 1,7 frente
a 4,0, con p = 0,09, para hemorragia mayor).
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y dicha reduccién se mantuvo a muy largo plazo.

Conclusiones: En nuestra poblacion, el cierre de la OI mostré un elevado éxito del procedimiento y una baja tasa de eventos
inmediatos. El cierre de la OI indujo una significativa reduccion en la tasa prevista de eventos tromboembdlicos y hemorragicos,

Palabras clave: Cierre percutaneo. Embolia arterial. Isquemia cerebral.

INTRODUCTION

Percutaneous left atrial appendage closure (LAAC) has been exten-
sively studied in clinical trials. Despite the excellent results of
efficacy and safety regarding the LAAC from randomized clinical
trials,’ these studies are limited by their design, which is still not
applicable to our routine clinical practice. Maybe this is the reason
why in our setting, the LAAC program is still far from reaching
its full potential.”? Without detriment to the current level and grade
of clinical recommendation for the LAAC,® the medical community
will only gain confidence in this procedure when further studies
are presented assessing its performance in our routine clinical
practice.

The LAAC is a solid structural procedure that in Spain is only
second to transcatheter aortic valve implantation (TAVI).* The
experience gained with the LAAC has moved the focus of attention
from the early aspects of success and safety towards other issues
still not properly addressed such the performance of LAAC
reducing long-term cardiovascular events or its lingering benefits
over time.

To this day, there are very few papers gathering the long-term
experience gained with the LAAC with a median follow-up of 2.5
years.'>? It is only from this long-term perspective that we will
understand the value of a procedure largely based on the prophy-
laxis of the thromboembolic complications occurred during the
patient’s life.

The objective of this study was to present our own experience in
the follow-up of the population treated with LAAC from the begin-
ning of this program to assess its overall performance and, espe-
cially, the reduction of long and very long-term thromboembolic
and bleeding events.

METHODS

Our study is a retrospective analysis of the LAAC activity devel-
oped consecutively in a teaching hospital from March 2011 through
February 2020. This procedure was indicated by different large
volume hospital units including the internal medicine, neurology,
and cardiology units. Our unit has included the LAAC as a strategic
program within our structural heart procedures.

Left atrial appendage closure: the procedure and the device
implanted

All procedures were performed in an identical working setting
(facilities and personnel). However, 3 different modalities were
used: on the one hand, general anesthesia and conscious sedation,
both with transesophageal ultrasound guidance, and a third
modality with fluoroscopy guidance only while the patient remained
awake.

Although at the beginning of our experience only general anesthesia
was used, 2.5 years later the possibility of conscious sedation
administered by our personnel started to become a reality; the
criterion to choose between general anesthesia or conscious seda-
tion was logistical due to the discretional participation of the
anesthesiology unit in structural heart procedures. In both modal-
ities, the type of probe used for the transesophageal ultrasound was
the exact same one.

The protocol of conscious sedation consisted of sedoanalgesia
through the IV administration of 50 mg of pethidine followed by a
bolus of 0.5 mg/kg of propofol with slow infusion in 3 min. with
continuous monitorization of saturation and hemodynamics. After
the introduction of the transesophageal probe several boluses of 10
mg of IV propofol were administered on demand based on the
patient’s discomfort or rejection.

The procedure guided by fluoroscopy only was spared for cases
with absolute or relative contraindication for transesophageal ultra-
sound use (in our unit we do not have intracavitary ultrasound)
and for patients considered very frail for anesthetic induction;
however, it became a reality 4 years after we started our experi-
ence. In these patients, a coronary computed tomography angiog-
raphy was recommended to assess the left atrial appendage and
discard the presence of an inner thrombus; in any case, an angiog-
raphy was performed via transseptal access through a pigtail cath-
eter from the left atrial appendage ostium without selective cannu-
lation to discard the presence of thrombus. After catheterizing the
left atrial appendage, a 180° rotational acquisition was performed
through the injection of contrast at a flow rate of 8 mL/s with a
total of 48 mL; by doing this a 3D image of the left atrial appendage
was obtained (software i-Pilot, Siemens, Germany) that fused with
the real fluoroscopy.

The 2 most popular devices in the market today were used: the
WATCHMAN device in its WATCHMAN 2.5 and WATCHMAN
Flex versions; Boston Scientific, United States) and the AMPLATZER
ACP/Amulet device (Abbott, United States); the LAmbre device
(Lifetech Scientific, China) was implanted anecdotically. The selec-
tion of one or the other did not follow any clinical or anatomical
criteria and the alternate use of both devices was well-balanced.
Only in fluoroscopy-guided procedures the AMPLATZER Amulet
device was preferential since its delivery criteria are basically
fluoroscopic.

Performance of left atrial appendage closure and follow-up

The definitions were based on the Munich consensus document
regarding the LAAC.' Successful LAACs were defined as successful
devices (successful implantation of the first device selected) and
successful procedures (uneventful final successful implantation
within the first 24 hours). The device was released after confirming
the suitability of ultrasound and fluoroscopic parameters. In cases
performed under fluoroscopy guidance, position and stability were
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assessed over the fusion imaging as well as the lack of uncovered
lobes in the angiography.

Regarding treatment after the implant, there was no pre-specified
criterion and the patient’s bleeding risk was adjusted. All patients
were assessed using a thoracic ultrasound within the first 24 hours
prior to hospital discharge. Adherence to the transesophageal ultra-
sound control 1.5 months after the procedure was very irregular.

Follow-up was conducted back in February 2020 by reviewing the
Andalusian (Diraya) electronic health record system. The appear-
ance and dates of the following events were registered: death and
causes, ischemic stroke/systemic embolism, major bleeding (inca-
pacitating and major hemorrhages), and medical therapy at the
follow-up. The futility of the LAAC was defined as mortality rate
due to non-cardiac causes reported within the first year.

The performance of the LAAC at the follow-up was assessed using
the risk reduction rate of thromboembolic (ischemic stroke/systemic
embolism) or bleeding events (major bleeding) while taking into
account the risk estimates from the CHA,DS,-VASc'' and HASBLED
scores,'? respectively.

A 4-year follow-up limit has been established to start taking about
«very long evolution» since this was the follow-up period of the
Protect AF clinical trial® that confirmed the superiority regarding
mortality of LAAC over anticoagulation.

Statistical analysis

The estimates were obtained using IBM SPSS v26.0 and Epidat 4.2
statistical software. Initially, a descriptive analysis of data was
conducted by generating means and standard deviations of numer-
ical variables, and frequency and percentage distributions of qual-
itative variables.

The comparison between the demographic and clinical quantitative
variables was conducted using the ANOVA test after verifying the
hypotheses of normality using the Shapiro-Wilks test; when signif-
icant differences were seen, multiple comparisons were conducted
using the Bonferroni correction.

The comparison among the different qualitative variables was
conducted using contingency tables and the chi-square test.

The comparison between event incidence rates was conducted
using the Rothman index score and 95% confidence intervals
(95%CI) were estimated using Rosner’s method.

Finally, Kaplan-Meier curves were generated and then compared
using the log rank test.

RESULTS
Population

The population studied included 260 patients with nonvalvular
atrial fibrillation aged between 42 and 92 years old. The clinical
characteristics of the population are shown on table 1.

The most common indication for LAAC was the absolute contra-
indication for anticoagulant therapy due to hemorrhagic events in
229 cases (88.1%) or high-risk (2 patients with brain tumors and
1 patient with an aortic dissection; 1.1%). In 28 patients (10.8%)
indication was due to the inability to take oral anticoagulants due
to different bleeding risks: in 13 due to rejection to anticoagulant

R.J. Ruiz-Salmeron et al. REC Interv Cardiol. 2021,3(2):112-118

Table 1. Clinical characteristics of the population

Age (years) 74.8 + 8.1
Males 160 (61.5%)
Risk factors

Arterial hypertension 238 (91.5%)

Diabetes (types 1 and 2) 118 (45.4%)

Smoking 93 (35.8%)

Dyslipidemia 130 (50%)
Kidney disease 64 (24.6%)
Ischemic heart disease 89 (34.2%)
Previous stroke

Ischemic stroke 38 (14.6%)

Hemorrhagic stroke 57 (21.9%)
CHA,DS,-VASc 43+16
CHA,DS,-VASc > 4 176 (67.7%)
HAS-BLED 37+12
HAS-BLED > 3 222 (85.4%)

Data are expressed as no. (%) or median + standard deviation.

therapy, in 6 due to previous psychiatric history that did not
recommend it, in 3 due to higher risk of falling, in 3 due to poor
control of the international normalized ratio, and in other 3 due
to cardioembolic stroke yet despite the proper anticoagulant
therapy.

When the LAAC was indicated, therapy was mostly anticoagulation
(68.8% of the patients): vitamin K antagonists (83 cases, 31.9%),
direct anticoagulants (71 cases, 27.3%) or dual therapy (anticoagu-
lation and single antiplatelet therapy, 25 cases, 9.6%). Regarding
patients who were not on anticoagulant therapy prior to the LAAC,
48 of them (18.5%) were on antiplatelet therapy and 33 (12.7%) did
not use any antiplatelet/anticoagulant drugs.

While follow-up was being conducted (February 2020 or prior to
the patient’s death), our population was being treated with absence
of antiplatelet/anticoagulant therapy (51 patients, 19,9%), single
antiplatelet therapy with acetylsalicylic acid (135 patients, 52.5%],
single antiplatelet therapy with clopidogrel (51 patients, 19,9%],
dual antiplatelet therapy (14 patients, 5.4%) or anticoagulation (6
patients, 3%) (figure 1).

Procedural characteristics

Procedures were performed mostly under general anesthesia and
monitored under transesophageal ultrasound guidance (59.6%).
Conscious sedation, also monitored under transesophageal ultra-
sound guidance, was performed in 27.3% of all procedures. Only
13.1% of all procedures were performed under fluoroscopy guid-
ance only.

The most commonly used device was the WATCHMAN (142
patients, 54.6%) followed by the AMPLATZER ACP/Amulet (116
patients, 44.6%), and occasionally the LAmbre (2 patients, 0.8%).
Given the extension of the follow-up period, 2 models of the
WATCHMAN (generation 2.5 in 125 patients and WATCHMAN
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Figure 1. Evolution of antithrombotic therapy prior to the left atrial appendage
closure (LAAC) until the final follow-up (%).

Flex in 17 patients) and 2 models of the AMPLATZER device (ACP
in 16 patients and Amulet in 100 patients) were used.

The device success rate was 98.5% (failed in 4 patients). Failed
cases were due to the device not meeting the sealing criteria for
the left atrial appendage so it had to be recaptured; after choosing
a different device (different size, and in 1 case, also a different
model), the procedure ended satisfactorily.

Procedural success was 98.8%; 1 oropharyngeal hemorrhage due to
traumatic intubation and 2 tamponades were the reason for the lack
of success. Tamponades (0.77%) were due, in the first case, to a
perforation of the left atrial appendage in the recapture maneuver
of the WATCHMAN device; the second case, after 24 hours, was
due to the perforation of the left pulmonary artery possibly eroded
by the LAmbre device. These 2 patients had a good clinical progres-
sion, the first one after pericardiocentesis and the second one after
surgery with pericardial patch interposition between the pulmonary
artery and the left atrial appendage. No deaths, strokes, or systemic
embolisms were reported during the procedure or within the first
24 hours.

The number of serious adverse events reported within the first
week was 6 (2.3%) as shown on table 2.

The comparative analysis between the results of the first 50 LAACs
and the remaining ones give us a glimpse of the existence of a
learning curve that can be seen in the procedural variables that
assess the operator's technical skills (significant reduction of fluo-
roscopy time and radiation dose from the first 50 procedures): 13.6
+ 5.5 min vs 18.7 + 18.2 min and 18 413 nGym + 11 622 pGym

vs 24 798 nGym + 18 802 pGym,? respectively with P values =

.03). However, no differences were found in the procedural success
rate (98% for the first 50 cases and 99% for the remaining ones).

The procedural characteristics of the left atrial appendage closure
are shown on table 3.

Follow-up and events

With a median follow-up of 2.5 years + 1.9 years (median, 1.4

years; 95%CI, 1.1 to 1.9 years) our series included 637.9
patients-year.

A total of 58 deaths were reported at the follow-up (22.3% of the
sample, 9.1% patients-year). Half of them were due to cardiac
causes (4.6% patients-year). A total of 6 deaths were due to
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Table 2. Serious adverse events within the first 7 days after the implant

Day Event Description Death
Procedure Hemorrhage Traumatic intubation No
for general anesthesia
Procedure Tamponade Pericardiocentesis No
1 day Tamponade Perforation of No
pulmonary artery
Surgery
4 days Bronchial Bronchial aspiration Yes
aspiration while eating
4 days Hemorrhage Upper gastrointestinal Yes
bleeding
6 days Hemorrhage Upper gastrointestinal No
bleeding
Table 3. Procedural characteristics
Procedural modality
General anesthesia 155 (59.6%)
Conscious sedation 71 (27.3%)
Fluoroscopy 34 (13.1%)
Device
ACP-Amulet 116 (44.6%)
WATCHMAN 142 (54.6%)
LAmbre 2 (0.8%)
Device size (mm) 252+ 34
Fluoroscopy time (min) 146 +9.7

Radiation (uGym2) 19 636 + 13 488

Device success 98.5%

Procedural success 98.8%

Data are expressed as no. (%) or median + standard deviation.

noncardiac causes within the first year, which means that LAAC
futility rate was 2.3%.

Events such as ischemic strokes/systemic embolisms were reported
in 9 patients (1.4% patients-year, 95%CI. 0.6-2.7); compared to the
estimated risk of 5.7% patients-year, the reduction of relative risk
was 75.2% (P < .001). A total of 19 major hemorrhages were
reported (3.0% patients-year. 95%CI. 1.8-4.7), which is a 58.5%
reduction of relative risk compared to the estimated risk of 7.2%
patients-year (P < .001)

The assessment of the protective capacity of LAAC to avoid long-
term thromboembolic phenomena and major hemorrhages is very
relevant. Events were compared in patients with follow-ups of up
to 4 years (N = 206; 346.7 patients-year) and in patients beyond
this 4-year follow-up mark (N = 54; 291.3 patients-year). It was
confirmed that, over time, protection against thromboembolic and
hemorrhagic events still remains, and there is even a decreasing
tendency: annual rate per 100 patients-year for ischemic stroke/
embolism of 2.0 vs 0.7 (P = 0.17) and for major hemorrhages of
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survival rate in patients treated with the WATCHMAN device.

4.0 vs 1.7 (P = .09) in patients with up to 4-year follow-ups and
longer follow-ups, respectively. The comparison of event-free
survival rates for thromboembolism and major bleeding between
the different populations based on the duration of the follow-up did
not show any significant results (log rank with P = .10 for throm-
boembolisms and P = .54 for hemorrhages) (figure 2).

Follow-up based on the type of device implanted

A comparative analysis of the event-free survival rate in patients
treated with the WATCHMAN and AMPLATZER devices found no
significant differences between the 2 regarding their protective
capabilities against ischemic strokes/systemic embolisms (log rank
P = .86); however, the WATCHMAN showed a major hemor-
rhage-free cumulative incidence rate superior to the AMPLATZER
device (log rank P = .01) (figure 3).

DISCUSSION

This real-world single-center registry shows our experience
performing left atrial appendage closure in 260 consecutive patients
with nonvalvular atrial fibrillation over the last 9 years. Results
have been exposed in an attempt to answer the following questions:

what were the results of LAAC in our population? what is the actual
performance of LAAC reducing thromboembolic or hemorrhagic
events compared to the estimated risk rates? and finally, is this this
event reduction maintained at the follow-up?

The clinical characteristics of our population are consistent with
those of the LAAC target population in the routine clinical practice.
Thus, our population showed clinical characteristics of thromboem-
bolic risk that were similar to those published in large registries:
the CHA,DS,-VASc score of 4.3 was intermediate between the
AMPLATZER Amulet registry'® with a CHA,DS,-VASc score of 4.2
and the NCDR registry'* with a CHA,DS,-VASc score of 4.6.
Regarding the risk of bleeding, in our population the mean
HAS-BLED score was 3.8, slightly higher compared to the numbers
already published, and situated between the EWOLUTION registry
with a HAS-BLED score of 2.3'%!° and the AMPLATZER Amulet
registry with a HAS-BLED score of 3.3."

This high risk of bleeding of our population may be explained by
the fact that the indication for LAAC for almost 90% of the patients
was a past medical history of bleeding (mostly gastrointestinal
followed by cerebral); for the remaining 10%, the indication for
LAAC was the «inability to take oral anticoagulants due to different
risks of bleeding»,'” that is, by a number of reasons that forced the
patient (5% of the population) or the doctor to make the decision
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of choosing mechanical local therapy over the anticoagulant
therapy. Although in our case the volume of elective decisions
regarding the LAAC is far from the volume reported in the German
registry LAARGE,!” where patient selection was essential to propose
the indication in a fourth of the population, a reflection can be
made on to what extent information brought to the patient is
decisive to generalize this therapy.

The LAAC is a procedure with high device and procedural success
rates in most of the series already published. In our series the
device success rate in the implant was 98.5%; 1.5% of failed proce-
dures were due to an erroneous selection of the size of the device.
However, the left atrial appendages of all the patients from the
series were eventually sealed, which contrasts with up to 7% of the
procedures cancelled due to inaccessible left atrial appendage anat-
omies;'* this may have to do with our capacity to approach this
procedure using different modalities (general anesthesia, conscious
sedation, and fluoroscopy without ultrasound guidance) and
different types of occluder devices (yet the device had to be changed
for a different one only in 1 patient in order to finish the proce-
dure). Our procedural success rate was 98.8%, which is higher
compared to the rate reported in other registries with similar
populations regarding their baseline clinical characteristics.*
Regarding procedural safety, our adverse event rate within the first
7 days after the procedure was 2.3%, which is consistent with the
rate reported by large registries.’*'® Overall, this speaks of the
progressive decline seen in the rate of adverse events reported
during the early stage after the procedure.

In the consecutive analysis of procedural results like the left atrial
appendage closure, right from the beginning of our experience and
until today, the presence of a learning curve may be anticipated.
However, beyond procedural variables like the radiation duration
and dose, no differences were reported regarding the procedural
success rate between the early period and the rest of the experi-
ence. Standardizing procedures and training the operators may be
the reasons of the high success rate reported in left atrial appendage
closure despite the poor early experience reported.'®

Our registry, with a median follow-up of 2.5 years and a fifth of
the patients with follow-up periods > 4 years allows us to assess
the efficacy of the LAAC with a certain perspective. In the first
place, mortality rate is surprisingly high since 22.3% of the patients
included died at the follow-up. This is an annual mortality rate of
9.1%, 3 times higher compared to the 4-year follow-up of the
Protect AF,! but it is nearly identical as other registries with a
similar risk population compared to ours.” The highest mortality
risk seen at the follow-up has been associated with factors such as
age, male sex, history of stroke or intracranial hemorrhage, low
ejection fraction, and chronic kidney disease;®* in any case, this
high mortality rate seen at the follow-up shows how frail this
diseased population really is, which would justify an interesting
debate on the futility of the LAAC in some patients'® (2.3% in our
series).

The primary endpoint of LAAC is to reduce the risk of cardiac
embolism in a population with nonanticoagulated atrial fibrillation.
In our case, the annual rate of ischemic stroke and embolism was
1.4%, which was a significant reduction of the relative risk of 75%,
which is consistent with the best data reported in the medical
literature.?® Regarding major bleeding, in a population with an
estimated rate of bleeding > 7%, our rate was 3.0%, that is, half
the rate reported by other authors.’

To this day, very few studies have been conducted on the long-term
efficacy profile of the left atrial appendag-e closure. In the Ibérico
II registry,® the rate of thromboembolic events remained low while
the rate of major bleeding was lower compared to the early rates
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at the 2-year follow-up. In our population, the analysis of patients
with very long clinical courses (implantation times > 4 years)
revealed that the efficacy of the LAAC still remains. Also, that
thromboembolic and bleeding events showed a tendency towards
a lower incidence rate compared to the earliest stage.

Limitations

This study has some limitations. In the first place, no systematic
antithrombotic pattern was followed after implantation. Instead, it
was left to the operator’s discretion, which may have impacted the
short-term bleeding rate. On the other hand, no systematic imaging
follow-up was arranged 45 days to 3 months after implantation,
which means that an important piece of information was lost: the
rate of thrombosis associated with the device, lack of residual
sealing...

CONCLUSIONS

In our setting, left atrial appendage closure is an effective therapy for
patients with nonvalvular atrial fibrillation and coagulation issues. It
significantly reduces the rates of thromboembolic and hemorrhagic
events that remain consistent in the very long term.

FUNDING

No funding related for this work.

AUTHORS’ CONTRIBUTION

R.J. Ruiz-Salmerdn: author of the manuscript; M. Ronquillo-Japén,
C. Robles-Pérez, M. Iglesias-Blanco, C. Rubio-Iglesias,R. Garcia
de la Borbolla, C. Carrascosa-Rosillo, S. Rodriguez de Leiras,
M. Vizcaino-Arellano, and I. Méndez-Santos: critical review and
J. Polo-Padillo: statistical analysis.

CONFLICTS OF INTEREST

None reported.

WHAT IS KNOWN ABOUT THE TOPIC?

- It is estimated that only 5% of the patients with nonval-
vular atrial fibrillation and inability to use oral anticoagu-
lant therapy have benefited from the left atrial appendage
closure. The evidence from randomized clinical trials is
based on a population that is not similar to the one consi-
dered eligible for LAAC in the real world, which is a
limitation. Relevant real-world registries do not have
long-term follow-ups either.

WHAT DOES THIS STUDY ADD?

— Our study provides data on the performance of the left
atrial appendage closure in our routine clinical practice
on procedural success and performance reducing throm-
boembolic and major bleeding events, which, overall, is
significant compared to the estimated rates and also
remains consistent over the very long-term.
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ABSTRACT

on the material currently available.

Brief review of current indications, materials, techniques, complications, results, and controversies around percutaneous procedures
for the management of pulmonary valve and arterial branches disease. This article gives the interventional cardiologist a perspective
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Tratamiento percutaneo de la valvula pulmonar y las arterias pulmonares

en cardiopatias congénitas

RESUMEN

Se presentan las indicaciones actuales, el material, las técnicas, las complicaciones, los resultados y las controversias de los
procedimientos percutdneos que permiten abordar la patologia valvular y de las ramas pulmonares. El presente articulo ofrece una
perspectiva del material actualmente disponible de forma clara para el cardiélogo intervencionista.

Palabras clave: Valvuloplastia. Angioplastia. Valvulas percutaneas.

Abbreviations

CHD: congenital heart disease. CPC: cavopulmonary connection. PB: pulmonary branches. PR: pulmonary regurgitation. PS: pulmo-
nary stenosis. PVA: pulmonary valve atresia. RV: right ventricle. RVOT: right ventricular outflow tract.

PULMONARY VALVE STENOSIS

The origin of pulmonary valve stenosis (PVS) is almost exclusively
congenital. It amounts to 7% to 10% of all congenital heart diseases
(CHD). Although it is often an isolated defect, it can be associated
with other congenital malformations.

Acquired stenosis is extremely rare and is associated with carcinoid
syndrome or rheumatic fever. An emergent form is the stenosis of
surgical bioprosthesis or valved conduits.

PVS can coexist with infundibular or supravalvular pulmonary
stenosis, the latter often associated with Noonan, Williams or
Alagille syndromes as well as with congenital rubella.

Clinical presentation is varied and goes from critical stenosis or
pulmonary valve atresia (PVA) in the newborn baby to mild stenosis
that can go untreated.

Although its presentation in the adult life is often asymptomatic,
in cases of severe stenosis, exertional dyspnea, ventricular dysfunc-
tion, arrhythmias or sudden death have been reported. In this
group, it can have a native presentation after previous surgery or
valvuloplasty.

Etiology

PVS can have 3 anatomopathological presentations' (figure 1):
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Figure 1. A: Valve stenosis due to dysplastic valve (left). B: Typical valve
stenosis.

- Typical PVS. It is the most common: a typical tricommissural
valve with mild thickening of the leaflets and commissural
fusion. The valve annulus is normally developed, and post-ste-
notic dilatation often occurs. Valve opening is typically dome-
shaped with a central stenotic orifice. It rarely presents
calcification.

- PVS due to dysplastic valve. It represents almost 20% of all cases
pf PVS, although it is common of Noonan syndrome. Valve
leaflets are thickened and myxomatous with limited opening
and scarce commissural fusion. It can be associated with
annular hypoplasia and even with proximal pulmonary trunk.

- PVS associated with other CHD such as interatrial communica-
tion, interventricular communication, transposition of great
arteries, double outlet right ventricle (RV) o tetralogy of Fallot.
The valve is often bicuspid or even unicuspid. It can be asso-
ciated with infundibular or pulmonary supraventricular
stenosis and annular hypoplasis.

Pulmonary valvuloplasty

Since 1982, percutaneous pulmonary valvuloplasty has been the
technique of choice to treat pulmonary valve stenosis in newborn
babies until adult life. The goal here is to overextend and tear the
leaflets at commissural raphe level.

This technique is often curative and has a low rate of restenosis at
the follow-up. It can often be treated with a second procedure.

The degree of immediate residual pulmonary regurgitation (PR)
does not usually go from severe to mild; instead, it can progress
with the passing of time. Despite of this, the need for valve replace-
ment is not usually the case.

Indications

The natural history of pulmonary valve stenosis is associated with
the degree of obstruction. Although the Doppler-derived mean
pressure gradient is most reliably associated with the peak-to-peak
hemodynamic gradient, the international guidelines®* establish the
degree of obstruction based on the instantaneous Doppler-derived
peak pressure gradient:

- Mild stenosis (instantaneous Doppler-derived peak pressure
gradient < 36 mmHg or peak velocity < 3 m/sec). The course of
the disease is often benign and it can be compatible with living
a normal life. In the adult patient, evaluations every 5 years
are advised.
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Table 1. Treatment indications in pulmonary valve stenosis

Critical stenosis of the newborn baby

Severe pulmonary valve stenosis (Doppler-derived peak pressure gradient > 60 mmHg
or Doppler-derived mean pressure gradient > 40 mmHg) in asymptomatic patient

Moderate pulmonary valve stenosis (instantaneous Doppler-derived peak pressure
gradient > 50 mmHg or Doppler-derived mean pressure gradient > 30 mmHg)
in symptomatic patient

Surgery will be indicated in association with:

Moderate or severe pulmonary regurgitation.

Subvalvular or supravalvular stenosis.

Severe tricuspid regurgitation.

Symptomatic dilatation of pulmonary artery due to extrinsic compression
of nearby structures.

Need for surgical correction of other associated anomalies or arrhythmia
surgery (the Maze technique).

Percutaneous valvuloplasty can be the first option in case of dysplastic valves
compared to surgery. Still, the rate of success can be lower.

- Moderate stenosis (instantaneous Doppler-derived peak pressure
gradient of 36 mmHg to 64 mmHg or peak velocity of 3-4 m/sec).
Although often asymptomatic, the limited RV cardiac output
can give rise to the appearance of exertional dyspnea or
fatigue; 20% of cases can progress towards a greater degree of
obstruction. Evaluations every 2 years are advised.

- Severe stenosis (instantaneous Doppler-derived peak pressure
gradient > 64 mmHg, peak velocity > 4 m/sec or Doppler mean
gradient > 40 mmHg. It is associated with the presence of
symptoms, RV dysfunction or cyanosis. Treatment is always
indicated here.

The indications for the management of pulmonary valve stenosis
are shown on table 1.%°

Technique and material

The percutaneous pulmonary valvuloplasty technique has been
reported extensively! and it can be performed under conscious
sedation, local anesthesia or even general anesthesia in the pediatric
patient. A total of 100 IU/Kg of sodium heparin are administered
up to a maximum of 5000 IU. Transthoracic or transesophageal
echocardiography are not often used here.

Femoral vein access is the most common of all, although other
alternative accesses can also be used such as the jugular vein or
the transhepatic access. In cases of large pulmonary valve annulus,
2 simultaneous venous accesses may be necessary to perform the
double balloon technique. Arterial access is optional.

After the baseline registry of pressures, a right ventriculography
will be performed preferably in the lateral and posterolateral
projections with a 30° cranial inclination. The measurements of the
pulmonary annulus are taken during systole at valve-leaflet junc-
tion level.

After crossing the pulmonary valve with a catheter, the exchange
guidewire will be in position to provide the distal pulmonary artery
with high support (preferably the inferior lobar artery). Different
types of balloon catheter can be used and early diameters 1.2-1.25
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Figure 2. A: Balloon pulmonary valvuloplasty. B: Double balloon pulmonary
valvuloplasty.

times larger compared to the pulmonary annulus diameter are
advised (figure 2A). If the hemodynamic gradient remains > 30 mm
Hg and in the absence of significant PR, it is recommended to
repeat the procedure with a new balloon catheter until reaching a
1.4 ratio. The 1.5 ratio should be respected except for cases of
dysplastic valves. The recommended length of the balloon is 20 mm
in newborns and infants, 30 mm in pediatric patients, and 40 mm in
adults.

In case of large valve annulus, the double balloon technique can
be used (figure 2B); in this case, both balloons should have the same
length. The effective diameter of the combined 2 balloon catheters®
is shown on table 2, and can be estimated as follows:

Effective diameter = 0.82 (diameter 1 + diameter 2)
No significant differences have been reported in terms of effective-
ness between the percutaneous pulmonary valvuloplasty with
single or double balloon.
Results and follow-up
The rate of immediate procedural success is close to 90% with a

very low mortality rate (0.24%) and scarce major complications

Table 2. Effective diameter using the double balloon technique
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(0.35%). In the dysplastic pulmonary valve, the rate of success is
even lower.! Surgery can be spared as a second option in this type
of valvular anatomy.

The rate of restenosis seen at the follow-up is 21% in the historic series
and between 8% and 10% in the most recent clinical trials.” Risk
factors are the presence of dysplastic valve, residual hemodynamic
gradient > 30 mmHg, and use of a balloon-to-annulus ratio < 1.2.

In the absence of severe-to-mild PR, repeating the percutaneous
valvuloplasty is the selection of choice except for the management
of valve dysplasia where surgery can be indicated.

At the follow-up, PR was present in 40% to 90% of the patients
with an increase seen at the follow-up. Risk factors are a higher
degree of early stenosis, younger age at the moment of the valvu-
loplasty, and a greater balloon-to-annulus ratio.

Despite this, valve replacement is rarely indicated with indications
that will be based on the presence of symptoms like ventricular
volumes and RV function parameters is rare. Studies suggest that
the same indication parameters as in the corrected TOF with
residual PR could be used.!’

Special situations
Pulmonary valve atresia

PVA is a complex CHD characterized by the complete obstruction
of pulmonary flow and observed within the first days of life
following the ductus arteriosus physiological closure; it is incom-
patible with life if left to its natural progression.

The basic anatomical marker is valve atresia, often membranous,
with fused leaflets and valve annulus hypodevelopment. Other
lesions are often associated with this main anomaly, among them,
the variable RV and tricuspid valve hypodevelopment and coronary
circulation anomalies. Both the pulmonary trunk and arteries often
appear normal.

The management of these patients includes early stabilization by
keeping the temporal maintenance of ductal patency with

Diameter 6 mm 7 mm 8 mm 10 mm 12 mm 14 mm 15 mm 16 mm 18 mm 20 mm 22 mm 24 mm
6 mm 9.0

7 mm 10.7 1.5

8 mm 1.5 12.3 13.1

10 mm 13.3 14.0 14.8 16.4

12 mm 15.1 15.8 16.5 18.0 19.6

14 mm 16.9 17.6 18.3 19.7 213 229

15 mm 17.8 18.5 19.2 20.6 221 237 245

16 mm 18.7 19.4 20.1 215 23.0 24.6 254 26.2

18 mm 20.6 212 219 233 241 26.3 27.0 21.8 295

20 mm 225 23.1 237 25.1 26.5 28.0 28.8 295 311 327

22 mm 244 25.0 25.6 26.9 28.3 29.7 30.5 312 32.8 344 36.0

24 mm 26.3 26.9 215 28.8 30.1 315 322 33.0 345 36.1 3711 393
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prostaglandin E1 infusion. The ultimate therapeutic approach will
depend on the severity of the associated lesions. The early opening
of the valve is indicated in patients with the most favorable prog-
nosis in terms of sufficiently developed RV and tricuspid valve and
lack of RV-dependent coronary circulation.

This technique is often performed via percutaneous access'!!?
(videos 1-8 of the supplementary data) by accessing the RV and the
right ventricular outflow tract (RVOT) or mammary artery via
venous access and inserting a right coronary curved (JR) catheter
under the imperforate valve plane. Once its correct position has
been secured it is advanced through a system of microcatheter and
radiofrequency guidewire, with which the valve plane is pierced.
Afterwards, a sequential valvuloplasty with balloon catheter will
be performed.

Although after this procedure, antegrade flow is established from the
RV, this flow is rarely enough to keep an adequate level of arterial
oxygen saturation due to different factors: persistent RVOT obstruc-
tion at valvular/infundibular level, restrictive behavior of the RV,
and tricuspid valve hypodevelopment. All of it conditions an insuf-
ficient pulmonary flow through the natural pathway and a significant
right-to-left interatrial shunt with the corresponding desaturation. For
this reason, an accessory source of pulmonary flow is often required
that should remain beyond the neonatal period.

Over the last few years, a new alternative has been implanting a
coronary stent into the ductus arteriosus. This can be performed
during the same procedure or during a second procedure via venous
antegrade or arterial retrograde access. The goal here is to implant
a 3 mm to 4 mm coronary stent in such a way that ductal length
is fully covered, thus avoiding stent protrusion into the aortic or
pulmonary borders.

This technique facilitates keeping enough pulmonary flow and
arterial oxygen saturation until the RV is properly developed.
Ductal stent usually closes spontaneously by endoluminal prolifer-
ation within the first year of life. In some cases, a new in-stent
stent implantation may be required at the follow-up.

Fetal pulmonary valvuloplasty

Fetal pulmonary valvuloplasty is a rare technique applicable to
fetuses with prenatal diagnosis of critical pulmonary valve stenosis
or PVA and risk of progression towards RV hypoplasia. It is often
performed between the 21st and 28th weeks of pregnancy. The goal
here is to promote a better intrauterine development of right heart
structures, thus favoring biventricular physiology after birth.

Through simultaneous ultrasound guidance and after achieving a
proper fetal position, a transuterine, fetal transthoracic, and cardiac
puncture is performed by accessing the RVOT with a 22-G Chiva
needle. The pulmonary valve is then punctured with the needle in
case of atresia and a 0.014 inch coronary guidewire is distally
placed. Mounted over this guidewire and inside the needle, a very
low-profile coronary balloon catheter is advanced and valve dilata-
tion is performed.

Regarding results, this is a complex technique that requires multi-
disciplinary experience and collaboration. One of the difficulties is
achieving the right needle orientation since the size of the RV cavity
is so small and its geometry so complex. There is a high rate of
complications including fetal arrhythmias, pericardial effusion or
even fetal death.

A recent international multicenter clinical trial’® documented this
procedure in 58 fetuses and reported a 55% rate of complications
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including 7 deaths. Compared to the disease progression of patients
treated with a similar cohort of treatment-naive fetuses, a greater
tendency towards biventricular physiology was confirmed after
birth in the first group (87% vs 43%). Despite this, to this date, no
criteria have been established with indications for this technique.
Therefore risks, the group experience, and the possible benefits
should all be assessed in each particular case.

PERCUTANEOUS PULMONARY VALVES

Many CHD require RVOT reconstruction using a patch, a biopros-
thesis or a conduit between the RV and the pulmonary artery. In
the tetralogy of Fallot, 90% of the patients who undergo surgery
during childhood will reach the adult age and a significant number
of them will develop regurgitation or PS following the annulus
section or use of conduits. When and how to treat these conditions
is still controversial since there is no expert consensus, and the
American, Canadian, and European guidelines® establish general
rules with suboptimal levels of evidence. Also, each particular case
shows characteristics unforeseen by the algorithms proposed.

Surgeons use different materials to solve these dysfunctions:
allografts, porcine pericardium based heart valves—with and
without support—, mechanical valves, and valved (hand-made)
and non-valved conduits. Over the last 2 decades, percutaneous
coronary interventions have broken into our setting pushed by the
development of bioprosthesis mounted on stents; still, we don’t
know when to treat asymptomatic patients: precocity in replace-
ment is associated with faster deterioration and more procedures
being performed—each one with its own risk—while late proce-
dures may no longer stop or revert the deterioration of ventricular
function and volumes.

The morphology of a dysfunctional RVOT is very complex, deter-
mines the therapeutic approach (the "pyramid” morphology is not
very compatible with self-expanding valves), and behaves dynam-
ically. Echocardiography is not enough here. Instead, the computed
tomography scan is required to see the coronary anatomy. Also,
the cardiac magnetic resonance imaging (that cannot be performed
in all cases due to problems with clips, pacemakers or heart valves
causing interferences) facilitates the assessment of volumes and
function, and the visualization of such dynamic behavior. Currently,
the RV function is more important than the RV size both to indicate
the implant and to make follow-up assessments. The coronary
anatomy does not always show the behavior during and after
implantation. As a matter of fact, the different RVOT measure
changes during implantation don't cause linear changes in coro-
nary arteries, which is why coronary angiography still plays an
essential role. The length of self-expanding valves is significantly
greater compared to balloon-expandable (and surgical) valves,
which is why the total distance in the area left for implantation
becomes crucial. We have known for years that the pulmonary
and the aortic valves don't share the same architecture and work
differently. Also, that the same heart valves operate differently in
the aortic and pulmonary positions (actually, they may even not
close effectively).'*

Indications and historical perspective

The indications for percutaneous pulmonary valves included in the
European® and American'® guidelines are similar to surgical replace-
ment. In symptomatic patients the indication is well established.
Asymptomatic patients, instead, require ECG data (absolute
prolonged ORS interval duration > 180 or progression), hemody-
namic data (like a correlation of pressures between the RV and the
left ventricle > 0.7), and Doppler-derived peak and mean pressure
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Figure 3. Angiography examples. A: in pulmonary trunk, individualized, in right anterior oblique projection at 20° + cranial at 40°. B: with balloon catheter for
interatrial communication measurement and morphologic assessment, in the same projection. C: in lateral projection showing how over-dilatation occludes the
left anterior descending coronary artery that originates from the right coronary artery. D: selective coronary angiography with a balloon of the same diameter as
the implantable valve diameter, without coronary obstruction, the same projection as in A. E: with the same balloon as in D, in lateral projection.

gradients > 50 and > 30, respectively. But, above all, magnetic
resonance imaging data in cases of significant pulmonary regurgi-
tation (regurgitation fraction > 30%): right ventricular end-diastolic
volumes > 160 mL/m?, double right end-diastolic volume compared
to the left one, end-diastolic volume > 80 mL/m? and RV ejection
fraction < 0.40-0.45 (or negative progression).

The first heart valve ever implanted percutaneously was the
Bonhoeffer pulmonary valve back in 2000. It was based on the idea
of suturing a bovine jugular vein with the valve in a vascular stent.
The valve was given the name Melody (Medtronic Inc, United
States) and obtained the CE marking and the Canadian marking in
2006 and the United States Food and Drug Administration marking
back in 2010. It is indicated for elderly patients with dysfunctional
surgical conduits. Its off-label use has increased and it is used in
patients of up to 20 kg of weight and in native RVOTs,!'® with
technical modifications (previous stent implantation in the implant
area) to minimize some of the most common complications reported
(stent fracture), but with precautions due to the significant numbers
of infectious endocarditis reported (a problem shared with the
surgical bovine heart valve Contegra (Medtronic, United States).
The limitation of valve sizes available (18 mm, 20 mm, and 22 mm)
is also a problem because many patients with regurgitation have
large-caliber pulmonary trunks, which has led to imaginative solu-
tions for extended uses.

In 2008 The Edwards SAPIEN heart valve (Edwards Lifesciences
LLC, United States) for aortic positioning started being used in the
right position thanks to the COMPASSION clinical trial that proved
it safe and effective for conduits with moderate or severe pulmo-
nary regurgitation with or without stenosis.!” Its sizes are larger
(23, mm 26 mm, and 29 mm), it does not fracture, and the incidence
rate of infectious endocarditis is lower (although, on this regard,
the literature available is not that “solid”). In 2016 the Edwards
SAPIEN XT heart valve was approved by the European and Amer-
ican regulatory agencies for use in children and adults with regur-
gitation or PS; the current SAPIEN 3 heart valve is approved for
the aortic position only, but numerous off-label implants have been
reported in the pulmonary position.

The procedure requires a meticulous prior preparation. An arterial
access and 2 venous accesses, preferably femoral, are required. It
can also be implanted via jugular vein access. The angiographic
study (figure 3) serves 2 purposes: a/ study the anatomy and sizes
of the "trunk” or conduit and pulmonary branches (PB) for which
different projections are needed (the RV outflow tract is better seen
on the right anterior oblique projection at 20° + cranial at 20° and
in the lateral position; still, changes need to be made in this
particular case), and inject contrast agents both in the trunk and in
the RV while the trunk is occluded with a balloon catheter; and b/
study the anatomical relations of proximity since the adjacent

structures can be compressed (the ascending aorta or the coronary
arteries). To that end, while the balloon catheter remains inflated
in the pulmonary artery, an aortogram or coronary angiography or
both is performed. A 34 mm or 35 mm very compliant cutting
balloon for interatrial communication can be used. However, at
times, the balloon compliance exceeds the target diameter of the
implant causing coronary or aortic compression. When this happens,
other balloons of identical diameter to the target implant will be
required. In the presence of a calcified conduit, the approach
should be gradual given the risk of rupture. If the Melody valve is
used, a previous stent should always be implanted—covered if the
conduit is calcified—which is not required in the remaining heart
valves.

There is no consensus as to whether the entire procedure should
be performed in 1 or 2 stages leaving the first stage to anatomical/
physiological study and stent implantation.

Pulmonary prosthetic valves available

There are 2 large groups of heart valves available, balloon-expand-
able valves and self-expanding valves. The former have been
around a little longer, are approved by regulatory agencies, over
10 000 of them have already been implanted worldwide, have
greater radial strength, allow a better control of the diameter to
reach, shorten when dilated, and are extremely demanding from
the technical point of view. Self-expanding valves are more modern,
are in the pipeline in several clinical trials still pending approval,
reach larger diameters, and are longer; still, there can be problems
in the pulmonary trunk distal portion as they don't shorten, there
is no control over their diameter (they reach their nominal value),
and no re-dilatations are possible. Figure 4 shows the heart valves
currently available for pulmonary use.

The Melody TPV valve

The Melody TPV valve (Medtronic Inc, United States)'® is a
balloon-expandable valve. It is built from a bovine jugular vein
with an 18 mm native valve sutured to a platinum-iridium CP
stent (NuMED, Canada). The overall length of the entire system
is 28 mm and shortens in relation to the final diameter. It can
expand from 16 mm to 22 mm in diameter (it probably also works
up to 24 mm). Valve crimping is manual and it is delivered and
released using Medtronic Ensemble patented system—a version of
the double balloon angioplasty BIB (NuMED Inc., United States)—
with a 22-Fr profile in its distal portion and a 16-Fr profile in its
proximal portion, of 100 mm in length; it is advanced through a
high-support guidewire allocated in a pulmonary branch (prefer-
ably the left one).
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Figure 4. Percutaneous pulmonary valves. A: Melody valve (Medtronic, United States). B: Edwards XT valve (Edwards Lifesciences LLC, United States).
C: Venus valve (Venus MedTech, China). D: Harmony valve (Medtronic, United States). E: Pulsta valve (Taewoong Medical, South Korea).

The Edwards SAPIEN valve

The Edwards SAPIEN valve (Edwards Lifesciences LLC, United
States)'® is a balloon-expandable valve with porcine pericardium leaf-
lets mounted on a cobalt chromium stent. Its height is smaller
compared to the Melody valve. The SAPIEN XT THV model has been
approved for the pulmonary position and is built in 23 mm (height of
14.3 mm), 26 mm (height of 17.2 mm), and 29 mm (height of 19.1 mm).
Valve crimping is performed with a specific device, proximal to the
position of the balloon, "“mounted” on it, and once in the inferior vena
cava, delivered and released using Novaflex patented system (Edwards
Lifesciences, United States) with 18-Fr, 19-Fr or 20-Fr profiles
depending on the valve diameter. It is very rigid and not easy to
advance or retrieve especially with a previous stent already implanted,
which can end up damaging the tricuspid valve. The SAPIEN 3 THV
model is built of the same diameters (in heights of 18 mm, 20 mm,
and 22.5 mm) but it is an evolution whose internal covered portion is
fairly shorter (9.3 mm, 10.2 mm and 11.6 mm). It has an outer
protection of polyethylene terephthalate to minimize the possibility of
leaks. Its stent has different geometries in the proximal and distal
portions so that it shortens even more in its proximal border. It is
delivered through the “deflectable” Edwards Commander Delivery
System of 14-Fr for the 23 mm and 26 mm valves, and 16-Fr for the
29 mm valve with a patented introducer sheath (Edwards eSheath). It
has been reported that through greater volume inflations compared to
the nominal volume, the SAPIEN 3 valve can reach 30 mm.

The Venus P-valve

The Venus P-valve (Venus MedTech, China) is designed for native
tracts. It is a self-expanding, trileaflet valve of porcine pericardium
with a 30 mm in length nitinol stent covered by porcine pericardium—
except for its distal portion—that dilates in both borders (1 cm in each
border), with radiopaque marks to facilitate it location; the diameter
of the valve is that of the nondilated portion (18 mm to 34 mm).
Delivery system is MedTech patented with a 20-to-22-Fr distal caliber,
a 16-Fr proximal caliber, and a 22-to-24-Fr introducer sheath. Valve
crimping is manual by submerging it in a cold saline solution.!”

Two clinical trials have been conducted to achieve the CE marking,
one in China and the other one in Europe. Both have been completed
and are in the data evaluation stage with inclusion criteria similar
to those of the remaining valves.

The Harmony mTPV 25 valve

The Harmony mTPV 25 valve (Medtronic, United States) is a
self-expanding nitinol structure with a polyester covering and

a porcine pericardium valve stitched in the middle. Its conceptual
design is vast: the first clinical trials started in the United States in
2013, but, to this date, the valve is still under constant modification
(Harmony TPV 22, Harmony TPV 25, and modified Harmony TPV
25). It is available for research purposes only.

The PULSTA valve

The PULSTA valve?’ (Taewoong Medical, South Korea) is designed
for native tracts. It is a nitinol, trileaflet, self-expanding valve of
porcine pericardium also covered with porcine pericardium except
for its proximal and distal (major) portions. It has radiopaque marks
to outline the area covered. Numbering corresponds to the narrowest
area— commissure level—from 18 mm to 32 mm. A larger diameter
(1 mm to 2 mm) compared to the pulmonary trunk is selected; the
dome-shaped area measures 4 mm more compared to the narrow
area. It is built in 2 different lengths: 33 mm and 38 mm. The
delivery system caliber is 18-Fr for up to 28 mm and 20-Fr for larger
sizes. Its radial strength is lower compared to that of the Melody
or SAPIEN valves, That is why it is not the heart valve of choice
for stenotic conduits.

Currently, most implants have been performed in Asia, but since
December 2019 there is an ongoing clinical trial being conducted
in Europe, in which Spain participates. The inclusion criteria are
similar to those of any other valve.

Complications and limitations

The complications and limitations of the heart valves described
above are:

- Compressions: in approximately 5% of the patients there is
risk of coronary compression during the procedure. Large
heart valves can distort the aortic root with regurgitation.

- Ruptures: of the conduit, especially if calcified, during predila-
tation requiring immediate implantation of a covered stent;
navigating heart valves is not easy and requires high-support
guidewires capable of perforating the PB; during advance and
retrieval maneuvers, the tricuspid valve can be damaged
causing regurgitation.

Still, mortality rate during the procedure is around 1.4%.%!
Fractures were a common thing at the follow-up (12.4%) with the

old Melody implants without previous stent implantation and when
the risk factors were young age, greater pre- and postprocedural
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residual gradient, smaller conduit size, proximity to sternum, and
presence of recoil after delivery.”” The second most common
complication is infectious endocarditis (4.9%), mostly with the
Melody, with a higher incidence rate compared to surgical cases.
Several hypotheses have been proposed to explain this: damage to
the valve during the assembly, no strict observance of sterility
measures, previous endocarditis, unsatisfactory hemodynamic
results, poor dental hygiene, piercings, tattoos, etc.’

Data from registries®* and multicenter clinical trials on the mid-term
evolution of the Melody heart valve and further reinterventions of
the valve.?® During a > 5-year follow-up period it is expected that
in up to 14.4% to 15% of the cases some procedure will be
performed, mostly due to fractures. There is a great variety of
indications among the different centers. Actually, in up to 65% of
all procedures a valve-in-valve procedure has been performed. This
confirms that infectious endocarditis is still the Achilles heel of the
Melody valve with a 2.4% incidence rate per patients-year. There
are no data available on other types of valves.

PERCUTANEOUS TREATMENT OF PULMONARY BRANCHES

The percutaneous management of PB stenosis has become widely
used after the arrival of new materials and technologies. Currently,
it is the first option because surgical outcomes are poor. PB stenosis
can be congenital, associated with syndromes (Williams-Beuren,
Alagille, etc.) or connatal infections like rubella or be part of
complex CHD like tetralogy of Fallot, pulmonary atresia or pulmo-
nary artery sling. However, stenosis is the evolutionary or residual
result of surgery in these same and other CHD as in the aftermath
of the Jatene arterial switch procedure (the Lecompte maneuver)
or when it is necessary to place a conduit between the RV and the
PB. Percutaneous treatment improves cardiac output and alleviates
pressure to the RV, re-balances the distribution of flow to both lungs,
improves functional class, exercise capacity (VO, and VE/VCO,),
and eventually the prognosis of patients with univentricular and
biventricular physiology. The following are considered criteria for
hemodynamic repercussions: gradient > 20mmHg, angiographic
stenosis > 50%, RV or pulmonary artery pressure > 60% of systemic
blood pressure (biventricular) or asymmetry (> 30%) in pulmonary
reperfusion as see on the magnetic resonance imaging or the scin-
tigraphy. This flow asymmetry can stop unilateral non-significant
stenosis from translating into pressure gradients since we are
dealing with a parallel flow.?

Generalities
Balloon angioplasty

Balloon angioplasty is spared for patients with low body weight
when the anatomy is not suitable for stent implantation or when
the segments will be involved in future surgeries. Immediate rest-
enosis, of up to 50%, due to recoil or extrinsic compression is more
common compared to stents. It is a safe procedure with a < 1%
rate of major complications. Taking the hilar diameter as the vessel
reference, balloons whose critical diameter is 3 times larger
compared to the diameter of stenosis are selected without exceeding
the double of the reference diameter (figure 5). To be effective the
notch needs to go away, and a controlled intimal-medial tear needs
to occur for eccentric remodeling, which means that results may
not be immediate. The procedure is considered successful with
lumen increases > 50% of the minimum diameter, reductions > 20%
of RV or systemic pressure or flow increases > 20% towards the
target lung.?” Using the latest noncompliant high-pressure balloons
and microtome or cutting balloons improves the results of angio-
plasties that do not respond to conventional balloons or that are
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Reference diameter

/

Balloon <2 x  or3x

Figure 5. Reference diameters in the percutaneous treatment of pulmonary
branches.

Figure 6. A: Cutting balloon. B: BIB balloon with mounted covered CP stent.
C: BeGrow stent.

especially resistant like those of lobar branches in patients with
genetic syndromes. Common cutting balloons are 8 mm in diameter
and they need to be placed in the target area through a sheath to
avoid damaging the tricuspid or pulmonary valve when advanced
or retrieved (figure 6).

Stent angioplasty

Stent angioplasty, described by Mullins in the 1980s, provides struc-
tural support and avoids immediate restenosis due to recoil or
folding. Its mid- and long-term results are superior to conventional
angioplasty. Better profiles and semi-open or open cell designs that
allow re-dilatation have made this technique available for younger
and thinner patients. However, this has come at the expense of
successive re-dilatations needed to adapt to the size of the vessel due
to growth or to dilate the origin of jailed branches. Several studies
prove that these successive re-dilatations are safe and effective.
Closed-cell stents are more stable in the manual crimping and they
usually have greater radial strength. They normally navigate on the
balloon inside a sheath towards the stenosis to avoid damaging the
right valves, stent migration so they can be repositioned before
implantation.?® The profile of this sheath is proportional to the diam-
eter of the balloon on which it is mounted. Same sized premounted
balloons have a better profile; some models do not even require the
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Uncovered Covered
Premounted Formula BeGraft aortic
Valeo Atrium iCAST
Not premounted AndraStent XL y XXL
CP Covered
CP stent

Palmaz Génesis

Optimus Covered

AndraStent (Andramed, Germany): cobalt chromium; semi-open cell design; XL of 8-25 mm and XXL of 10 mm to 32 mm.

Atrium (Maquet, Germany): stainless steel; open cell design; 5 mm to 10 mm; approved for the management of tracheobronchial stenosis.

Formula (Cook Medical, United States): stainless steel; open cell design that can be redilated twice its size without shortening; 5 mm to 10 mm; 6-Fr-to-7-Fr.
Valeo (Bard, United States): stainless steel, semi-open cell design that can be redilated twice its size without shortening; 5 mm to 10 mm; 6-Fr-to-7-Fr.

CP stent (NuMED, United Kingdom): iridium-platinum + gold hinges; 12 mm to 24 mm; exponential shortening with the diameter.

Optimus (Andratec, Germany): cobalt chromium; semi-open cell design; fewer shortening compared to the CP stent.

BeGraft (Bentley, Germany): flexible; 12 mm to 24 mm; less proportional shortening compared to the CP stent.

Palmaz Genesis (Cordis, United States): stainless steel; closed-open cell design; 3 mm to 18 mm.

use of long introducers for implantation purposes. One of the most
commonly used balloons is the BIB double balloon, currently 8 mm
to 30 mm in diameter. It consists of 2 concentric balloons where the
inflation of the internal one allows us to predict how the stent will
behave in the stenosis facilitating sequential expansion, and reposi-
tioning if necessary (figure 6). Considering a normal Nakata index of
250 mm?/m?to 300 mm?m?, an adult patient of 2 m? of body surface
will need a stent capable of reaching an ideal diameter of 18 mm to
20 mm in each branch. Self-expanding stents improve the profile
because they don't need a balloon for implantation purposes and are
not re-dilatable. To this date, they have been approved for other
locations like the biliary route or the femoropopliteal axis.?’

In general, bare-metal stents are implanted leaving the covered ones
for cases where it is necessary to repair the damaged vessel wall
or regulate flow using a diabolo-shaped configuration towards one
branch or the other or else through a systemic-pulmonary artery
shunt (table 3).

New technologies
Some of these new technologies are:

- Drug-eluting balloons: noncompliant balloons with an antipro-
liferative substance covering like rapamycin analogues or
placlitaxel approved to treat peripheral arterial stenosis, but
particularly useful to treat in-stent restenosis due intimal
proliferation.®”

- Bioresorbable stents: they avoid further re-dilatations in
growing patients. They can be built with organic polymers or

corrodible metal alloys like iron or magnesium. Some studies
show inflammatory responses in the vessel wall and doubts
surrounding significant restenosis. Still pending approval by
the United States Food and Drug Administration, the Pediatric
Bioresorbable Stent (480 Biomedical Stent Inc., United States)
is the design in the most advanced clinical trial stages so far
and has been specifically designed to treat PB stenosis in
pediatric CHD.

- Breakable stents: cells with hinges programmed to break with
a balloon like the BeGrow (Bentley, Germany) or ready for
resorption like the Growth Stent (QualiMeD, Germany)
consisting of 2 halves joined by biodegradable sutures that
disappear within 5 months, thus facilitating blood vessel
growth (figure 6).

Complications

Percutaneous procedures on pulmonary branches are associated with
moderate (angioplasty) or high (stent) risk. They are often performed
under general anesthesia, with unfractionated heparin at 100 IU/Kg
(to a maximum of 5000 IU) and with an activated clotting time > 250
seconds. The most common complications and risk factors are shown
on table 4; and they are more common when the procedure is an
emergency procedure and when the patient is of a younger age
reaching 38% in newborn babies. As a general rule, the support
guidewire should be placed in the inferior lobar branch and further
guidewires should not be used. Once removed, advancing the sheath
again through the recently dilated segment is also ill-advised. Tears
or dissections are more common in the traditional balloon, tipically
without any clinical repercussions. When there are repercussions,
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Table 4. Complications and most common risk factors

Complications Risk factors

Vascular damage Overdilatation, too rigid guidewire, surgical patches,

recent surgery

Thrombosis Cavopulmonary connection, cyanosis, small branches,

short activated clotting time, no antiplatelet therapy

Stent embolization Low weight, disproportion, bifurcation, malapposition,

emergency, manual crimping

Reperfusion edema Chronic cyanosis, older age

Mismatch Early implantation, non-dilatable design

Restenosis Short overlapping, genetic syndrome, cavopulmonary
connection, bifurcation, residual waist, oversizing,

external compression, self-expanding stent

anticoagulation reversal is required by re-inflating the balloon in the
leak area, implanting a stent or through surgery. In-stent restenosis
is often due to intimal proliferation but also to stent fractures that
cause it to lose its structural integrity or due to extrinsic compression.
It is less common with semi-open cell designs and with the greater
flexibility of self-expanding stents. There are no clear recommenda-
tions on antithrombotic treatment after implantation. Endothelization
occurs 6 months after implantation and, although thrombosis is rare,
the routine clinical practice is using antiplatelet therapy during that
time.%!

Specific situations
Bifurcations

There are 2 technical options to repair these stenoses without
compromising the contralateral branch flow:

- Through the simultaneous implantation of 2 stents, each one
mounted on its own guidewire and sheath. Both stents should
be of the same size and both balloons should be inflated
simultaneously and progressively (figure 1A of the supplemen-
tary data).

- By implanting a long open-cell stent from one of the branches
towards the pulmonary trunk to later recross towards the
contralateral branch with a different guidewire and then
implant a second shorter stent (figure 1B of the supplementary
data). This technique is useful when we only have 1 venous
access or when the implantation of a pulmonary valve with
pre-stenting is intended.

Cavopulmonary connection

In the fragile Fontan-type univentricular physiology—a pumpless
non-pulsatile pulmonary circuit—the criteria upon which the indi-
cation is based are in a lower threshold compared to biventricular
physiology. Also, almost any degrees of angiographic stenosis or
hemodynamic gradient are significant since they can significantly
increase central venous pressure and large asymmetries in flow
distribution towards both lungs. Securing the most symmetrical
flow distribution possible to both lungs is key to avoiding the
formation of arteriovenous fistulas. That is why it may be necessary
to reduce the flow of a fistula previously created or towards 1 of
the branches through a diabolo-shaped covered stent (figure 2 of
the supplementary data). These procedures are complex because of
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the access routes (femoral, jugular, transhepatic), because patients
have been operated on many times, have a higher risk of throm-
bosis (polyglobulia, non-pulsatile slow flow), sometimes they even
have recent surgical beds, are young patients, etc. The PB angio-
plasty is the most commonly performed procedure—only second to
the extracardiac conduit angioplasty—in an extensive modern
cohort of patients with total cavopulmonary connection (CPC) both
after superior CPC and after completing the inferior CPC (figure 3
of the supplementary data). Stenosis most often occurs in the left
PB (the right PB proximal segment originally) due to its longer
course, compression of the neighboring ascending aorta, and the
presence of lower flow in the stage between the pulsatile Glenn
and the total CPC.*

The final size of PB and therefore their flow is directly associated
with the long-term success of this physiology and with the patient's
functional class. However, it is often necessary to perform periodic
invasive reassessments of the state of the stents previously
implanted to adjust them to growth. This is because non-invasive
methods may not be sensitive enough. After stent implantation, the
clinical practice guidelines published by the American Heart Asso-
ciation recommend anticoagulant therapy for 3 to 6 months.

Postoperative state

The repair of certain CHD is associated with a risk of residual or
evolutionary PB stenosis. With the Lecompte maneuver, associated
with the arterial switch for the repair of the d-transposition of great
arteries, PB stenosis occurs early in up to 28% of patients. On the
other hand, pulmonary supravalvular stenosis is the leading cause
of reintervention during childhood. Percutaneous treatment is
technically challenging because we are dealing with small patients
with sometimes recent sutures, in bifurcation, and a compromised
space with the SVC and the ascending aorta. (figures 4 and 5 of the
supplementary data). For that reason, traditional balloon angio-
plasty may be the only effective option in less than half of the
cases.®

Other CHD with common residual PB stenosis after surgery are the
tetralogy of Fallot, truncus arteriosus, the pulmonary artery sling,
etc. and all those that require having to place a conduit between
the RV and the PB like the Ross, Rastelli, Yasui, Sano procedures,
etc.

The current technological advances made in imaging techniques,
materials, and devices has revolutionized the possibilities regarding
the percutaneous management of pulmonary trunk, valve, and PB
lesions. That is why the indications published in the clinical prac-
tice guidelines are being changed.
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QUESTION: Briefly, what is the evidence behind the percutaneous left
atrial appendage closure (LAAC) regarding oral anticoagulation (OA)?
Is there any evidence on direct-acting oral anticoagulants (DAOAs)?

ANSWER: The main clinical evidence published on this regard comes
from 3 randomized clinical trials (2 vs anti-vitamin K and 1 vs DAOAs),
registries, and case series. The PROTECT AF clinical trial' included
707 patients with atrial fibrillation (AF) and CHADS, scores > 1 who
were randomized on a 2:1 ratio to receive the Watchman device
(Boston Scientific, United States) or warfarin. The composite endpoint
(stroke, cardiovascular death, and systemic embolism) was less prev-
alent in patients with the Watchman device (relative risk [RR], 0.62;
95% confidence interval [95%ClI], 0.35-1.25); however, adverse events
were more common in the device group (RR, 1.69; 95%CI, 1.01-3.19)
mainly due to periprocedural complications. These increased adverse
events triggered a second clinical trial, the PREVAIL,? that included
407 patients with CHADS > 2 randomized on a 2:1 ratio to receive the
Watchman device or warfarin. The primary efficacy endpoint at the
18-month follow-up (stroke, systemic embolism or cardiovascular or
inexplicable death) occurred less often than expected in the warfarin
group and the non-inferiority target was not achieved. However, the
secondary efficacy endpoint (stroke or systemic embolism 7 days after
implantation) was achieved; also, adverse events were less common
compared to those of the PROTECT AF trial.

Data from the PROTECT AF! and PREVAIL? clinical trials were
combined in a meta-analys® that concluded that the Watchman
device was not inferior to anti-vitamin K therapy for the composite
endpoint of stroke, cardiovascular death, and systemic embolism.
We should mention that patients with the Watchman device had
lower chances of bleeding including hemorrhagic strokes. Nonethe-
less, there was a statistically insignificant higher rate of ischemic
stroke and systemic embolism in the Watchman group.

The controversial aspect of these 2 clinical trials is that they only
included patients with an indication for OA. However, in the
routine clinical practice, the LAAC is used in patients contraindi-
cated to OA.

The third and last clinical trial is the PRAGUE-17* that compared the
LAAC to DAOAs. It included 402 patients with AF (CHA,DS,-VASc:
4.7 £ 1.5) and a past medical history of major bleeding or cardioembolic

event while on DAOAs or with o con CHA,DS,-VASc > 3 and HAS-BLED
> 2. Apixaban was the most commonly used DAOA (95.5%). The
median follow-up was 19.9 months. No statistically significant differ-
ences were found in the annual rates of the primary endpoint (stroke,
transient ischemic attack, systemic embolism, cardiovascular death,
clinically relevant or major bleeding or procedural complications) that
were 10.99% with the LAAC and 13.42% with DAOAs (sub-hazard
ratio, 0.84; 95%CI, 0.53-1.31 for non-inferiority). A total of 9 patients
(4.5%) experienced major complications due to device implantation.

Regarding real-world registries, the NCDR LAAO® is a large registry
designed to assess the utility, safety, and effectiveness of LAAC
percutaneous devices in the clinical practice. It includes 38 158
procedures performed in the United States. The mean score in the
CHADS-VASC scale was 4.6 + 1.5, and in the HAS-BLED scale, 3.0
+ 1.1. In-hospital major adverse events occurred in 2.16% of the
patients; the most common complications were pericardial effusion
that required intervention (1.39%), and major bleeding (1.25%),
while strokes (0.17%) and death (0.19%) were rare.

Q.: Which are the current indications for the LAAC? Should the
clinical guidelines most recently published be changed somehow?

A.: The most common indications in the routine clinical practice
are high bleeding risk and contraindications to DAOAs (eg, dial-
ysis), but as I said, the LAAC has not been studied in clinical trials
with the proper statistical power in these subgroups

The recent guidelines published by the European Society of Cardi-
ology (ESC)° give the LAAC a class IIb recommendation and a B
level of evidence for the prevention of strokes in patients with AF
and contraindications to long-term anticoagulant therapy (eg, intra-
cranial hemorrhage without reversible cause). The clinical guide-
lines published by the American Heart Association, American
College of Cardiology, and the Heart Rhythm Society (AHA/ACC/
HRS)” also give it a class IIb recommendations as a therapeutic
option for patients with an indication for oral anticoagulation, but
with a high risk of bleeding, poor compliance or tolerance to
anticoagulant therapy. In both guidelines, recommendations are
limited. The consensus document published by the European Heart
Rhythm Association (EHRA)® regarding the LAAC makes an exten-
sive review including the largest possible number of indications:
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1) Patients with contraindications to OA due to:

a) High risk of potentially life-threatening or incapacitating hemor-
rhage or due to untreatable causes like intracranial/intraspinal
bleeding (eg, diffuse amyloid angiopathy or untreatable vascular
malformation) or severe gastrointestinal (eg, diffuse angiodys-
plasia) pulmonary or urogenital bleeding that cannot be corrected.

b) Serious adverse events with anti-vitamin K therapy or contra-
indications to DAOAs.

2

Patients who don't follow their anticoagulant therapy properly.
This indication is controversial, and we should always inform
the patient that his main treatment is anticoagulation while
trying to solve the problem associated with poor compliance.

3

Some specific subgroups:
a) Ineffective OA: stroke in a patient properly anticoagulated.

b) After pulmonary vein ablation with left atrial appendage
electrical isolation due to the high embolic risk involved after
this procedure.

c) Combination of pulmonary vein ablation and LAAC within
the same procedure.

d) «Primary» prevention: in patients with interatrial communi-
cation treated with percutaneous closure during the same
procedure even before the patient develops AF.

O.: Which is the common practice at your center?

A.: The most common indications are patients with AF on hemo-
dialysis who, we already know, are poor candidates to anti-vitamin
K therapy and have contraindications to DAOAs. Also, patients
with very high risk of bleeding without treatable cause, especially
digestive or due to other causes (eg, Rendu-Osler-Weber disease)
and always after trying to solve it with a DAOA.

0O.: How valuable are imaging modalities in the selection of patients
and procedural guidance?

A.: The use of imaging modalities is essential if we wish to perform
successful procedures. Before the intervention, the anatomy of the
left atrial appendage should be studied to see if it is eligible for
closure. Also, the right material should be chosen and the presence
of thrombi in the left atrium and left atrial appendage should be
discarded. In general, this preprocedural assessment is performed
with a transesophageal echocardiography, yet the computed tomog-
raphy scan has been gaining traction.

During the procedure, x-ray images and transesophageal echocar-
diography are the common imaging modalities to use. When avail-
able, intracardiac echocardiography can also be used.

Between 6 and 24 weeks after the intervention, a transesophageal
echocardiography or a computed tomography scan should be
performed to discard the presence of thrombi in the device (that
can appear in up to 2% to 4% of the cases) and significant peride-
vice leaks (> 5 mm).%

O.: Are there any significant differences among the different
devices available?

A.: The need for antithrombotic therapy post-LAAC shows that
there is room for improvement because this procedure maintains
the bleeding risk for a longer period of time, and it is still unclear
what the optimal protocol should be. The PROTECT AF and the
PREVAIL clinical trials kept patients on warfarin and acetylsalicylic
acid for 45 days followed by a 6-month course of dual antiplatelet
therapy and then acetylsalicylic acid for life.

J. Cosin-Sales. REC Interv Cardiol. 2021,3(2):129-130

The guidelines published by the ESC® recommend acetylsalicylic
acid permanently, clopidogrel between 1 and 6 months after the
procedure and, for the Watchman device, in cases of low-risk of
bleeding, a 45-day course of OA after implantation.

The consensus document published by the EHRA® includes general
recommendations that are very similar to those from the guidelines
published by the ESC.° It also claims that in patients with very
high-risk of bleeding the use of single antiplatelet therapy could be
an option (acetylsalicylic acid or clopidogrel) for short periods of
time. However, this should always be an informed decision and the
patient should think about it thoroughly.

Q.: Please tell us about any relevant ongoing clinical trials. In your
professional opinion, what type of study should be conducted?

A.: The main ongoing trials are the ASAP-TOO that is assessing the
LAAC in 888 patients with AF considered ineligible for OA; the
OPTION trial, that is studying 1600 patients with AF to see if the
LAAC with the Watchman FLX device is a reasonable option to OA
(including DAOAs) after pulmonary vein ablation; and the CATA-
LYST and CHAMPION-AF clinical trials, that will be conducting a
long-term comparison between the Amulet (Abbott Vascular,
United States) and the Watchman FLX device with DAOAs in
patients with an indication for anticoagulant therapy due to AF.

Future clinical trials should prioritize the study of new devices
comparing them to DAOAs since they are currently the therapy of
choice to prevent strokes in patients with AF, especially those with
relative or absolute contraindications to anticoagulation therapy.
The use of these devices in patients with ischemic stroke despite
the proper anticoagulation therapy should be analyzed too by asso-
ciating the LAAC with an DAOA and then comparing it to an
isolated DAOA. Finally, it is essential to clarify antithrombotic
therapy after implantation in order to minimize it, above all, in
patients with high risk of bleeding, while still keeping its efficacy.
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QUESTION: Briefly, what is the evidence behind the percutaneous
left atrial appendage closure (LAAC) regarding oral anticoagulation
(OA)? Is there any evidence on direct-acting oral anticoagulants
(DAOAs)?

ANSWER: The LAAC has been compared to OA regarding the
prevention of thromboembolic events in patients with nonvalvular
atrial fibrillation (NVAF) in 3 randomized clinical trials: the
PROTECT AF, the PREVAIL, and the PRAGUE-17. The first 2 ones
randomized 1114 patients with NVAF and CHADS, > 1 on a 2:1
ratio to receive the Watchman device (Boston Scientific, United
States) or warfarin. In an intention-to-treat meta-analysis of aggre-
gate individual data from the 2 studies with 5-year follow-ups no
differences were seen between both strategies in the primary
composite endpoint of stroke, systemic embolism, and cardiovas-
cular or unexplained death (hazard ratio [HR], 0.82; 95% confidence
interval [95%CI], 0.58-1.17; P = .27).! In the secondary endpoint
analysis a higher—though not statistically significant—rate of isch-
emic stroke or systemic embolism was reported in the device group
(HR, 1.71; 95%CI, 0.94-3.11; P = .08). On the contrary, the LAAC
was associated with a lower rate of hemorrhagic (HR, 0.20; 95%CI.
0.07-0.56; P = .002) or incapacitating stroke (HR, 0.45; 95%CI, 0.21-0.94;
P = .034), major hemorrhage unrelated to the procedure (HR = 0.48;
95%CI 0.32-0.71; P < 0.001), cardiovascular or unexplained death
(HR, 0.59; 95%CI, 0.37-0.94; P = .027), and all-cause mortality (HR,
0.73; 95%CI, 0.54-0.98; P = .035).

The results of the PRAGUE17 clinical trial have been recently
published. This study randomized 402 patients on a 1:1 ratio with
NVAF and an indication for OA to LAAC with the Amplatzer
Amulet (Abbott Vascular, United States) (61.3%) or the Watchman
device (38.7%) or to a DAOA, mainly apixaban (95.5%).? This trial
only included patients considered of high risk with some of the
following criteria: history of bleeding that required intervention or
hospitalization, past medical history of embolism despite treatment
with OA or CHA,DS,-VASc scores > 3 with HAS-BLED > 2. During
the mean follow-up of 20.8 months + 10.8 months no differences

were seen in the composite primary endpoint (stroke, transient
ischemic attack, systemic embolism, cardiovascular death, major or
clinically relevant bleeding or procedural or device-related compli-
cations) reaching criteria of non-inferiority (HR, 0.84; 95%CI, 0.53-
1.31; P = .44; P for non-inferiority = .004). No differences between
both groups were seen either in any of the events included in the
composite primary endpoint separately.

Currently, there are 4 ongoing different randomized clinical trials
that will be assessing the benefits of the LAAC with the Watchman
FLX device (CHAMPION-AF [NCT04394546]), the Amplatzer Amulet
device (CATALYST [NCT04226547]) or with either one of the 2
(OCCLUSION-AF [NCT03642509], CLOSURE-AF [NCT03463317]) vs
DAOA therapy in patients with NVAF.

Q.: Which are the current indications for the LAAC? Should the
clinical guidelines most recently published be changed somehow?

A.: The European guidelines on the management of AF published
in 2020 suggest that the LAAC could be considered in patients with
NVAF and a contraindication to OA (IIb level of recommendation,
C level of evidence).® Regarding this indication, I think a few
considerations should be made. In the first place, the evidence
available on the LAAC is limited basically because of the non-in-
feriority design of the clinical trials available with a limited number
of patients. Also, due to the great heterogeneity of the antithrom-
botic therapy indicated post-LAAC, that could be conditioning the
applicability of the results obtained. Secondly, the guidelines were
written before the results of the PRAGUE-17 trial came out, that
are consistent with the efficacy and safety profile of the procedure,
also vs DAOAs (although in a limited 2-year follow-up) that is
currently the treatment of choice to prevent thromboembolic
events in patients with AF with, at least, moderate risk. Thirdly,
since it is a «prophylactic» therapy, procedural success should be
high, and the rate of related complications should be low. In this
sense, in the largest registry published to this date of over 38000
patients, the rate of procedural success was 98.3% and the rate of
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major complications, 2.16%.* Finally, the lack of compliance to
medical therapy and under or overdosing are common problems in
our routine clinical practice, which have a significant impact on
the efficacy of OA and are probably not reported in the randomized
clinical trials as well.

Q.: Which is the common practice at your center?

A.: The patient's profile eligible for this procedure is that of an
elderly patient with an indication for OA due to NVAF with a
previous episode of intracranial or gastrointestinal bleeding. Other
less common cases are patients with chronic anemia or high
bleeding risk with an indication for OA or dual or triple antithrom-
botic therapy. Finally, more and more patients with stroke despite
being on OA are being reported. We perform a transesophageal
echocardiogram (TEE) prior to the procedure in all the cases. We
often perform implantation with mild sedation and TEE guidance
with microprobe. Antithrombotic therapy upon discharge is based
on every particular patient and followed-up at the specific struc-
tural heart disease consultation within the first year including TEE
sometime within the first 3 months after hospital discharge.

QO.: How valuable are imaging modalities in the selection of patients
and procedural guidance?

A.: The preprocedural study of left atrial appendage aims at deter-
mining the anatomical feasibility for implantation purposes,
providing the right dimensions for a proper sizing of the device,
and excluding the existence of thrombi. To this end, a 3D imaging
modality should be used, usually a TEE or a computed tomography
scan. The selection of one or the other will depend on its accessi-
bility, experience of every center, and certain characteristics of the
patient like the presence of kidney disease. Regarding the computed
tomography scan, a 2-stage acquisition protocol with sensitivity and
specificity rates close to 100% for the detection of thrombi should
be conducted.

In most cases, the LAAC is performed with TEE guidance. However,
this imaging modality has complications: on the one hand, the
prolonged use of the probe can cause non-negligible oropharyngeal
lesions. On the other hand, general anesthesia is required in many
patients with the corresponding complications and increased proce-
dural duration and costs. In this sense, as we have been gaining
experience on device implantation, new options have come up to
minimize these limitations like the TEE microprobe and the intrac-
ardiac echocardiography. The microprobe provides slightly lower
quality of image compared to conventional TEE but is better toler-
ated by the patient and requires no general anesthesia. The drawback
is that no 3D images can be acquired, which means that a previous
study capable of providing 3D images is necessary. Regarding intra-
cardiac echocardiography, the latest machines available provide
better quality of images, some even the possibility of 3D reconstruc-
tions (still not on the market). They do not require the presence of
an imaging specialist at the cath lab or use of a transesophageal probe
either. On the other hand, both the cost of the device and its
disposable nature reduce its utility in the routine clinical practice.
Several ongoing prospective registries will be shedding light on the
safety, feasibility, and possible technical advantages.

Q.: Are there any significant differences among the different
devices available?

A.: Despite the technical advances made in the procedure, there are
still pending challenges or, at least, room for improvement: a/ great
anatomical variability in the left shape, orientation, and size of left
atrial appendage; b) risk of perforation with pericardial effusion;
¢) device embolization, dJ persistent residual leak after implantation;
and e/ rate of device related thrombosis. For all these reasons, there

T. Benito-Gonzdlez. REC Interv Cardiol. 2021;3(2):131-133

are many devices to perform LAAC available today or in the pipeline
that try to improve some of these aspects. Generally speaking, 2
important types of design can be distinguished here: tamponade-like
devices like the Watchman, and anchor-disc shaped devices like the
Amplatzer Amulet. In principle, the latter can be more versatile in
complex anatomies while the first one has a growing body of
evidence. Regarding procedural results, the observational data
obtained do not suggest differences in the implantation success rate
or in the rate of serious complications, device thrombosis or signifi-
cant residual leak reported between the 2 most widely used devices
to this date. However, the results from comparative studies AMULET
IDE [NCT02879448] and SWISS-APERO [NCT03399851]° will bring
us more data on this regard.

There are many other devices available with scarce evidence and
limited used, but with technical advances and very promising
designs: extreme sizes, antithrombotic expanded polytetrafluoroeth-
ylene covering, self-adaptable configuration to the left atrial
appendage ostium, small anchor with large disc configuration,
highly flexible or articulated devices...Given the great anatomical
variability of the left atrial appendage, maybe some devices will be
complementary in the future. Therefore, if the volume of cases
allows it, it can make sense to use more than just 1 type of device
in every patient, the one more suitable to his anatomy.

Q.: Please tell us about any relevant ongoing clinical trials. In your
professional opinion, what type of study should be conducted?

A.: There is no doubt that the most significant randomized clinical
trials that are being conducted today are those comparing the LAAC
to DAOAs. These trials will eventually determine the actual benefit
of this procedure. Another very important aspect to elucidate is the
optimal antithrombotic therapy to prevent device thrombosis. In
this sense, the following randomized clinical trials should be high-
lighted: a) the SAFE-LAAC trial [NCT03445949] will assess the
6-month efficacy profile of dual antiplatelet therapy vs a 1-month
course of dual antiplatelet therapy plus 5 months of single anti-
platelet therapy; b) the ANDES trial [NCT03568890] will analyze
the DAOA strategy vs an 8-week course of dual antiplatelet therapy;
¢/ the FADE-DRT trial [NCT04502017] will be comparing the effi-
cacy profile of 3 strategies consisting of a 6-week course of OA
followed by a 6-month course of dual antiplatelet therapy, half-dose
DAOA plus genotype-guided dual targeted therapy (acetylsalicylic
acid + clopidogrel or half-dose DAOA depending on clopidogrel
resistance or not); and d) the ASPIRIN-LAAO trial [NCT03821883]
that will be analyzing the benefit of keeping single antiplatelet
therapy starting 6 months after the procedure.

Another particularly interesting randomized clinical trial is the
OPTION [NCT03795298] that will be randomizing 1600 patients
treated with ablation due to AF to receive the Watchman FLX
device or OA. Finally, from a theoretical point of view, evidence
is still scarce in some potentially LAAC-eligible patients as it is in
patients with recurring thromboembolic events despite OA or with
NVAF and chronic kidney disease on dialysis. Both groups are
characterized by a very high thrombotic risk. There is lack of
consensus regarding the most adequate antithrombotic strategy that
is empirically administered in most of the cases. Also, patients on
dialysis have a high hemorrhagic risk and, unlike the general
population, OA does not seem to benefit them. Some observational
studies suggest that the LAAC can be safe and effective in these
subgroups of patients. However, to this date, no randomized clinical
trial has studied this therapy compared to others.
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To the Editor,

Currently, transradial approach is the most widely used access
route both in coronary angiographies and percutaneous coronary
interventions.! However, it is not rare to find anatomical difficul-
ties like severe spasm, small-caliber vessel, loops or tortuosities
that cannot be overcome with the usual techniques and lead to
access route changes eventually.? In these situations, the advance
of the catheter can dissect or perforate the artery and cause
hematomas or even compartmental syndrome, although this entity
is rare.’

As the main cause of resistance when advancing the catheter,
Patel et al.* identified the so-called razor effect exerted by the
catheter distal border on the vessel wall (figure 1A), a mechanism
that has been confirmed in optical coherence tomography studies.®
These same authors described the balloon-assisted tracking (BAT)
technique* that consists of inflating an angioplasty balloon that
partially protrudes across the catheter distal border to keep its
coaxial position with the artery avoiding the razor effect and
providing better maneuverability (figure 1B). Therefore, the
anatomical difficulty is crossed using a 0.014 in soft tip angio-
plasty guidewire. Afterwards, a 1.5 mm to 2.0 mm semicompliant
balloon is inflated between 6 and 8 atm at the tip of the catheter
and advanced en bloc beyond the anatomical problem (figure 2).
Once the difficulty has been overcome with the catheter, both the
balloon and the guidewire are retrieved to continue the procedure
with the usual technique. All of it should be performed under
strict fluoroscopic follow-up.

During the period from January 2019 through January 2020 we
used this technique in 28 patients (2.3% of all transradial approaches
attempted). In all of them, after the correct canalization of the
artery, it was impossible to advance the catheter. Table 1 shows
the patients’ clinical characteristics, and reasons why the BAT
technique was used. On 2 occasions it was used in the primary
percutaneous coronary intervention setting. Informed consent was
obtained from patients by telephone for the dissemination of the
data included in the study.

To proceed with the BAT technique, 2 mm x 12 mm semicompliant
balloons were used in 6-Fr catheters and 1.5 mm x 12 mm semi-
compliant balloons in 5-Fr catheters.

Razor effect BAT technique

Figure 1. A: Razor effect of the catheter distal border over the vessel wall.
B: correction of the razor effect with an angioplasty balloon inflated at the
tip of the catheter. BAT, balloon-assisted tracking.

Angioplasty guidewire

Angioplasty
guidewire

Balloon

Guide catheter

Figure 2. A: diffuse severe spasm of radial artery. B: advance of the angio-
plasty guidewire. C: catheter with balloon inflated in the distal border.
D: crossing of the anatomical difficult.
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Table 1. Clinical profile and reasons to proceed with balloon-assisted trac-
king (BAT) technique

Demographic characteristics N =28

Age (years) 67 + 14 [36-91]
Women 15 (54)
Arterial hypertension 16 (57)
Smoking 10 (36)
Diabetes mellitus 8 (29)
Dyslipidemia 7(25)
Peripheral arteriopathy 13 (46)
Access using the right radial artery 15 (54)
Acute coronary syndrome 22 (79)
Percutaneous coronary intervention 18 (64)
Difficult moment during radial access

Advance of 0.035 in guidewire 1(4)

Advance of 5-Fr diagnostic catheter 10 (36)

Exchange of 5-Fr diagnostic catheter for 6-Fr therapeutic 17 (61)

catheter
Indication for using the BAT technique

Unsolved severe spasm

Small caliber 7(25)

Severe radial or brachial tortuosity 3(11)

Radial loop 3(11)

Subclavian loop 1(4)

Data are expressed as no. (%), mean =+ standard deviation or median [interquartile range].

The success of the technique, defined as the overcome of the
anatomical difficulty to be able to perform the procedure without
having to change the access route, was achieved in 93% of the
cases. In only 2 patients it was necessary to change the access route:
one case of a heavily calcified small-caliber radial artery that made
it impossible to advance the 0.014 in guidewire (indispensable step
to use the BAT technique) and another case of a subclavian loop
plus severe aortic elongation that could not be overcome with the
BAT technique. None of the patients had vascular complications
associated with the technique.
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Therefore, we agree with other authors that the BAT is an easy-
to-use technique that can improve the rates of success of radial
access.® Although in our group of patients there were only 2 cases
of primary percutaneous coronary intervention, this scenario is
especially sensitive to the need for access route change where the
BAT technique also proved efficient.” It is essential that in cases of
minimal resistance while advancing the catheter an angiography
should be performed to assess the anatomical difficulty and, once
the problem has been defined, the BAT should be used early on to
reduce the rate of complications.
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To the Editor,

Coronary computed tomography angiography (CCTA) is one of the
main imaging modalities used to discard coronary artery disease in
patients with stable symptoms; thanks to its excellent negative
predictive value, it can characterize atheromatous plaques and the
degree of stenosis they cause.! In some imaging facilities, the CCTA
is used after measuring the coronary calcium score often through
the Agatston score that does not require initially the injection of
contrast. Studies suggest that patients with stable symptoms and
lack of coronary calcium (CCS = 0 or Agatston = 0) don't usually
have significant coronary stenoses but a have better prognosis. This
is indicative that a CCTA with the corresponding injection of
contrast would not provide relevant information in most of the
cases.”* Therefore, our objectives were to describe the prevalence
and characteristic of patients with CCS = 0; also, to assess the
findings obtained in the subsequent contrast study and invasive
coronary angiography if any; finally, we studied the events occur-
ring at the long-term follow-up in this group of patients.

Therefore, we conducted an observational cohort study that
included all procedures (CCS and subsequent CCTA) performed in
a tertiary center between 2008 and 2016. The authors declare that
they acted in accordance with the Declaration of Helsinki. Written
informed consent was obtained from all patients. All patients were
referred with chest pain and a past medical history of ischemic
heart disease. The Philips CT Brillance 64-multislice detector
computed tomography scanner and Heartbeat-CS software (Philips
Medical Systems, United States) were used. The CCS was assessed
using the Agatston score. Stenoses that were > 70% quantitatively
were considered significant coronary lesions.

Five hundred and forty studies were conducted of which 268
showed Agatston scores = 0 (49.4%) (figure 1). Patients were
mostly women (62.7% vs 50.4%), younger (55.1 years vs 64.9
years), and with a lower prevalence of cardiovascular risk factors
(table 1). No differences were seen in the intraprocedural
characteristics.

Hospital
2008-2016

540 CCTAs

CCS =0:
268 patients (49.4%)

SCC > 0:
272 patients (50.6%)

Possibly significant lesions: Non-significant lesions:
8 patients (3%) 260 patients (97%)

Invasive coronary

Invasive coronary angiography
angiography: due to persistent symptoms:
8 patients (100%) 8 patients (3%)

Angiographically significant
lesions: 1 patient (70% stenosis
in the distal posterior
descending artery)

Angiographically
significant lesions:
0 patients (0%)

Figure 1. Flowchart of patients included in the study. CCTA, coronary
computed tomography angiography; CCS: coronary calcium score.

Among the patients with zero CCS, only 8 patients showed images
suggestive of significant lesions (3%) on the subsequent study with
contrast (CCTA). Afterwards, the invasive coronary angiography
performed in these cases confirmed the lack of significant lesions
in all of the patients. Another 8 patients without significant lesions
on the CCTA underwent an invasive coronary angiography because
of their persistent symptoms, yet only 1 patient had significant
stenosis: a male patient with a coronary anomaly consisting of a
left anterior descending coronary artery originated at the right
coronary artery with a 70% stenosis in the distal posterior
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Table 1. Clinical, intraprocedural, and follow-up characteristics
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Total Agatston = 0 Agatston > 0 P
(N = 540) (N = 268) (N =272)
Clinical characteristics
Women 305 (56.5) 168 (62.7) 137 (50.4) 004
Age (years) 59.98 £ 11.16 55.07 £ 11.28 64.86 + 8.67 <.001
Arterial hypertension 2438 (46.1) 90 (33.7) 158 (58.3) <.001
Type 2 diabetes mellitus 91 (16.9) 25(9.3) 66 (24.3) <.001
Dyslipidemia 143 (26.5) 60 (22.4) 83 (30.5) 032
Smoking 78 (14.4) 41 (15.3) 37 (13.6) 136
Previous treatment
Hypolipemiant drugs 85 (15.8) 31(11.7) 54 (19.9) .009
Antihypertensive drugs 114 (21.1) 42 (15.7) 72 (26.5) .002
Antiplatelet therapy 124 (23) 54 (20.1) 70 (25.7) 123
Analytical values
Creatinine (mg/dL) 0.87 £03 0.83 £ 0.31 09+0.29 .009
Glycemia (mg/dL) 104.49 + 33.76 98.01 + 31.57 110.36 + 34.81 <.001
Total cholesterol levels (mg/dL) 197.44 + 44.24 202.41 + 39.48 192.93 + 47.95 .020
LDL-C (mg/dL) 118.16 + 37.26 122.69 + 32.61 114.27 + 40.72 .014
HDL-C (mg/dL) 51.64 £ 14.7 53.14 £+ 14.06 50.32 £ 15.11 .039
Triglycerides (mg/dL) 146.08 + 80.57 142.03 + 84.91 148.73 £ 75.79 373
Intraprocedural characteristics
Step and shoot 419 (77.6) 213 (79.5) 206 (75.7) 297
Atrial fibrillation 9(1.7) 3(1.1) 6(2.2) 324
Heart rate (bpm) 60.59 + 8.39 60.79 +£7.97 60.49 + 8.77 .689
Systolic arterial pressure (mmHg) 126.52 + 19.41 124.63 + 18.88 128.49 + 19.86 .051
Diastolic arterial pressure (mmHg) 68.86 + 11.73 69.38 + 1.5 68.39 + 12.04 410
Allergic reaction 5(0.9) 3(1.1) 2(0.7) .644
Clinical follow-up
N (%) 510 (94.7) 252 (94.03) 258 (94.9)
Follow-up period (months) 34.79 £ 24.39 32.72 + 25.08 36.72 + 23.52 .062
Mortality
Cardiovascular causes 0(0) 0(0) 0(0) NS
Non-cardiac causes 1(0.2) 1(0.4) 0(0) NS
Cardiovascular events
Acute myocardial infarction 2(0.4) 0(0) 2(0.8) 161
Heart failure 2(0.4) 0(0) 2(0.8) 161
Ischemic stroke 7(1.4) 3(1.2) 4(1.6) 914
Total 11(2.2) 3(1.2) 8(3.1) 138

bpm, beats per minute; HDL-C, high-density lipoprotein bound cholesterol; LDL-C, low-density lipoprotein bound cholesterol; NS, non-significant.
Data are expressed as no. (%) or mean * standard deviation.



138

interventricular branch that could not be revascularized. At the
median 35-month follow-up [12 months to 56 months], no signifi-
cant differences were seen regarding the events occurred between
patients with CCS = 0 and those with CCS > 1.

Therefore, patients with CCS = 0, almost half of those referred,
had no significant lesions on the CCTA or the invasive coronary
angiography. This is consistent with former studies like the one
conducted by Hulten et al.,? that reported a prevalence of poten-
tially obstructive lesions of 1.5% in patients with CCS = 0 or Mittal
et al.’s study,® where 52.2% of the 2730 patients studied had zero
CCS and significant lesions were only seen on the CCTA and the
subsequent invasive coronary angiography in 4 (0.3%). Regarding
prognosis, this study also showed a higher survival rate in the group
with zero CCS (99% vs 94.5%).°

Similarly, the CONFIRM study confirmed an event-free survival rate
of 99% within the first 2 years.* Such a good survival rate was
confirmed in our study, although without statistically significant
differences regarding patients with calcium. This was probably due
to the lower number of patients and the low percentage of events of
both groups, maybe due to the inclusion of patients at lower risk.

The direct implication of these findings is that patients with zero
CCS > may not have to undergo CCTA with the corresponding cost
and time savings while avoiding venous puncture, the injection of
iodinated contrast, the administration of bradycardia inducing
drugs, and the use of more ionizing radiation. However, the main
limitation for this is the possibility that the cause for the symptoms
is a ruptured plaque where the presence of calcium is not indis-
pensable.” However, cumulative experience on this regard confirms
that its finding in stable patients with low pre-test probabilities is
highly unlikely.

Therefore, in our own opinion, the techniques should be adapted to
the characteristics of each particular study patient. On the one hand,
in patients at higher risk, the CCTA could be suggested right from
the start given the currently relatively low doses of radiation; on the
other hand, in low-risk patients (low pre-test probabilities with stable
symptoms) a CCS with an Agatston score = 0 may spare the CCTA,
thus reducing radiation and avoiding the injection of contrast.
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To the Editor,

The presence of a thrombus in the left atrial appendage is a formal
contraindication for its percutaneous closure and poses a serious
dilemma during the therapeutic management of the patient. The
option of intensifying anticoagulation to achieve the dissolution of
the thrombus whether through better monitoring of the interna-
tional normalized ratio (INR) parameters or through the introduc-
tion of direct anticoagulants is not often possible in most patients
eligible for the percutaneous closure of the left atrial appendage.
Therefore, the possibility of closing the left atrial appendage in
certain cases of thrombosis (mural thrombus away from the landing
zone) by using a modified technique to deploy the Amplatzer
Amulet device (Abbott, United States) has been described.!

In a non-closure setting, a percutaneous method for thrombus
aspiration in the left atrial appendage with a large caliber device
(22-Fr) and extracorporeal circulation has been reported.?

This is the case of an 86-year-old male patient (former smoker) with
hypertension and non-valvular atrial fibrillation for which he was
being anticoagulated with vitamin K antagonists. The previous
month, the patient had suffered a cardioembolic ischemic stroke
despite anticoagulation. During that admission, the cerebral
magnetic resonance performed showed cerebral amyloid angiop-
athy with evidence of multiple microhemorrhages and superficial
siderosis. Anticoagulation was withdrawn and the patient remained
on acetylsalicylic acid only. During the current admission, the
patient presented with serious heart failure. In this patient with
persistent stroke,® without anticoagulation, and a high ischemic and
hemorrhagic risk (CHA,DS,-VASc and HAS-BLED values of 5 and
4, respectively), doctors suggested the percutaneous closure of the
left atrial appendage. The patient was informed about the charac-
teristics and purposes of the procedure, and his informed consent
was obtained for both the procedure and the processing of his data
for scientific purposes.

Due to the patient’s frailty, the procedure was fluoroscopy guided
only. The value of the image fusion technique has been suggested
as coadjuvant to transesophageal ultrasound to guide the proce-
dure.* Our group, that has no intracardiac ultrasound machines
available, has gained experience closing the left atrial appendage

with fluoroscopy guidance only using the image fusion technique
(i-Pilot, Siemens, Germany).

Rotational angiography revealed a left atrial appendage with wind-
sock morphology and a larger diameter in the landing zone of
31 mm. However, it was surprising to see the presence of a mobile
filling defect at the left atrial appendage main lobe of circular
appearance and an approximate diameter of 1 cm (figure 1 and
video 1 of the supplementary data).

It was decided to continue the procedure with an Amplatzer
Amulet device. Exchange was conducted with a 14-Fr 45° x 45°
Amplatzer TorqVue delivery sheath (Abbott, United States) with
a 4.8-mm internal lumen by bringing its tip towards the left atrial
appendage ostium as seen using the image fusion technique. A
mandatory step to avoid gas embolization in a low-pressure cavity
like the left atrial appendage is to place the sheath proximal border
below cardiac level, thus generating a negative pressure gradient
that facilitates the outflow of blood. After a mild hemorrhagic
retrograde flow, it stopped. On suspected sheath occlusion due to
thrombus, a 50 mL Luer-Lock syringe was connected. Aspiration
was performed with extraction of very organized thrombotic
material of spherical appearance like the one seen during the
angiography (figure 2).

With the guidance provided by the image fusion technique an no
additional angiography, the 34 mm Amplatzer Amulet device was
deployed in the first attempt with good results (video 2 of the
supplementary data).

The patient did not have any complications during the procedure, and
he was discharged on single antiplatelet therapy with acetylsalicylic
acid. At the 1l-year follow-up, no new events have been reported.

In conclusion, this was the first case ever reported by the medical
literature of a successful thrombus aspiration of thrombotic mate-
rial in the left atrial appendage during its percutaneous closure. The
maneuver was successful thanks to 3 factors: the characteristics of
the thrombus (organized and mobile); the negative pressure through
a catheter of large internal lumen initially exerted by the pressure
gradient and then by the aspiration with the syringe; and finally,
the value of the image fusion technique to guide the procedure
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Figure 1. Angiographic image in the oblique anterior right cranial (A) and caudal (B) projections. A round radiolucent image immediately distal to the pigtail

catheter of approximately 10 mm in diameter can be seen.

Figure 2. Organized thrombus originated at the left atrial appendage after its
aspiration through a 34-Fr sheath.

without any additional angiographies. However, the success
achieved with this particular case should not be mixed up with its
recommendation: the lack of control over the thrombus behavior
makes the use of cerebral embolic protection measures essential
during the closure of the left atrial appendage.
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To the Editor,

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is the causative agent of the coronavirus disease 2019 (COVID-19)
and is responsible for the current global outbreak. Although
COVID-19 causes viral pneumonia mainly, alarms have gone off
about its potential to damage the cardiovascular system with
myocardial injury as a risk factor for mortality. Several are the
potential causes of COVID-19 related myocardial injury including
type I and type II myocardial infarction.!

This is the case report of an apparent spontaneous coronary artery
dissection (SCAD) in a patient with COVID-19 (informed consent
obtained) followed by a systematic review of the medical literature
available.

This is the case of a 40-year-old male without any known past
medical history or cardiovascular risk factors who was admitted to
our tertiary hospital with fever and cough. The patient tested
positive in the reverse transcriptase-polymerase chain reaction test
for SARS-CoV-2 infection, and the chest x-ray performed showed
bilateral opacities (figure 1A). The patient was admitted to the
intensive care unit due to a rapidly deteriorating clinical course
within the first 72 hours despite initial supportive therapy that

required early intubation. The laboratory work showed severe
lymphopenia (0.5 x 10%/L), troponin-T levels of 42 ng/dL, D-dimer
levels > 10 000 ng/mL, CRP levels > 300 mg/dL, and ferritin levels
> 3000 ng/mL. Although corticosteroids and remdesivir were
administered, the patient's hemodynamic status deteriorated with
signs of acute respiratory distress syndrome and cardiogenic shock
(CS). Concomitant inotropic and vasopressor support was initiated,
and a transthoracic echocardiography performed revealed the pres-
ence of severe biventricular dysfunction with intraventricular
thrombus without segmental wall motion abnormalities. After heart
team discussion, a veno-arteriovenous extracorporeal membrane
oxygenation (VAV-ECMO) was implanted. Within the first week
after VAV-ECMO implantation a new electrocardiogram performed
showed diffuse T-wave inversion in precordial leads (figure 1B).
The patient's successful progression allowed the withdrawal of
VAV-ECMO, adrenergic drugs, and mechanical ventilation.

Two months after the index event a cardiac magnetic resonance
imaging performed discarded any signs of inflammation or fibrosis,
a left ventricular ejection fraction of 35%, and resolution of the
intraventricular thrombus. The endomyocardial biopsy performed
tested negative for myocarditis (figure 1C). The coronary angiog-
raphy performed (figure 1D E; video 1 of the supplementary data)
to discard concomitant coronary artery disease showed an isolated

Figure 1. A: chest x-ray showing bilateral patchy infiltrates. B: electrocardiogram with diffuse T-wave inversion. C: endomyocardial biopsy without leukocyte
infiltrate suggestive of myocarditis. Some freezing artifacts can be seen (asterisk). D: coronary angiogram, the arrow indicates the presence of significant
stenosis of the distal portion of the LAD, which is compatible with a type Il SCAD. E: follow-up with invasive coronary imaging showing the SCAD complete
resolution (arrowhead).
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Table 1. Systematic review of the medical literature on spontaneous coronary artery dissections in patients with COVID-19

Authors Journal/year  Age/sex LVEF at Previous Symptoms/ COVID-19  In-hospital Coronary Management
admission predisposing signs at severity treatment angiogram of SCAD
factors* admission
Courand P-Y  JACC 55/male Preserved Peripheral Fever, Mild Unreported Mid-RCA Conservative
etal’ Cardiovasc artery dyspnea, dissection Aspirin, statins,
Interv 2020 disease and cough (confirmed and beta-blockers
on the OCT)
Gasso LF Eur Heart J 39/male 50% to None Fever, Severe Hydroxycloroquine, Multivessel Conservative
etal’ 2020 55% dyspnea, azitromycin, dissection Dual antiplatelet
cough, lopinavir/ritonavir, (no intracoronary  therapy
chest pain, tocilizumab imaging)
and
myalgia
Kumar K Catheter 48/female  45% to Migraine Chest pain Mild Unreported Mid-to-distal LAD Conservative
etal’® Cardio Int 55% Dyslipidemia dissection Dual antiplatelet
2020 (confirmed therapy LifeVest,
on the computed beta-blockers, and
tomography amiodarone after
scan) sustained PVT
Reported 2020 40/male Severe None Fever, and Severe Hydroxycloroquine, Distal LAD Conservative
patient (< 30%) dyspnea (mixed azitromycin, dissection Aspirin, and
shock) lopinavir/ritonavir, (no intracoronary guideline-directed

corticosteroids,
remdisivir, inotropic
and vasopressor

imaging)

medical therapy
for HF
The follow-up CA

confirmed the
complete
resolution

agents, VAV-ECMO

CA, coronary angiogram; COVID-19, coronavirus disease 2019; HF, heart failure; LAD, left anterior descending coronary artery; LEVF, left ventricular ejection fraction; OCT: optical
computed tomography; PVT, polymorphic ventricular tachycardia; RCA, right coronary artery.

* Prior to admission.

lesion of the distal segment in a tortuous left anterior descending
coronary artery (LAD) that was compatible with a type II SCAD.
Intravascular images were discarded after risk-benefit analysis, and
conservative management was adopted. The patient was discharged
and after an uneventful 3-month follow-up a control coronary
angiography confirmed the complete resolution of the case.

Myocardial injury is a common finding in patients with COVID-19
and is associated with adverse events.! Previous coronavirus and
influenza viral infections may trigger or aggravate a wide range of
major cardiovascular events though the mechanisms responsible
are yet to be elucidated. SCAD is an underreported coronary event
with an estimated prevalence around 4%. There are several possible
triggers, but emotional and physical stressors are the ones most
commonly reported.

A case of bilateral carotid artery dissection in a patient with SARS-CoV-2
infection has been reported before. Single case-control cohort studies
have reported on a potential association between upper respiratory
tract infections and carotid dissection;> however, no conclusive study
has been able to confirm whether infections are a predisposing condi-
tion for SCAD. Interestingly, 3 cases of SCAD and SARS-CoV-2 infec-
tion have been reported in the medical literature®® with different
clinical course and disease severity (table 1). The potential mechanisms
responsible for SCAD in patients with COVID-19 are still poorly
understood, but they are probably not associated with a single factor
as causality is a highly complex process.

SCAD has been associated with autoimmune and inflammatory
diseases, which may be the result of eosinophilic infiltration with
lytic enzyme secretion.® The key of COVID-19 is an intense inflam-
matory burden and endothelial dysfunction.! However, SCAD may

be due to other contributing factors typically seen in critically ill
patients. For instance, an overactive sympathetic system can cause
intimal dissection. Also, SCAD could be the result of high-dose
corticosteroid therapy, broadly used in COVID-19, due to the spon-
taneous rupture of a weakened arterial wall.® Finally, a direct
SARS-CoV-2 related endothelial damage cannot be discarded either.

Although SCAD is more common in females, 3 out of 4 cases reported
are males, which could be explained by the higher incidence of
COVID-19 reported in males. Chest pain is the most common
symptom of SCAD and is present in 2 of the cases reported; however,
the case reported by Courand PY et al. and our own case did not
show specific symptoms of acute coronary syndrome.® Whether
SCAD is the cause of CS and severe ventricular dysfunction, in our
case, is still under discussion. A previous unknown cardiomyopathy
or transient ventricular dysfunction are possible causes since the
SCAD was found in a distal small portion of the LAD. In any case,
regardless of the severity of COVID-19, conservative management is
a safe strategy. Morbidity is high as Kumar K et al. reported poly-
morphic ventricular tachycardia,” and our patient presented with CS.
We chose single antiplatelet therapy with aspirin, and guideline-di-
rected medical therapy for heart failure like Courand PY et al. did,*
but different from the other 2 cases reported that chose dual anti-
platelet therapy.*® It may raise concerns whether anticoagulation is
a safe strategy as COVID-19 is associated with prothrombotic state.

In conclusion, SCAD is a potential cause of type II myocardial
infarction in patients with COVID-19, but more studies are needed
to establish causality. Infection-related SCAD may occur at any
time during index events and could be difficult to diagnose. Conser-
vative management seems like a safe strategy, although CS and
ventricular arrhythmias can occur.
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CASE PRESENTATION

Eighty-four-year-old woman with hypertension, dyslipidemia, a past medical history of bronchial asthma, stroke in the left middle cerebral
artery territory without negative side effects, and moderate chronic kidney disease (glomerular filtration rate, 42 mL/min/1.73 m? according
to the Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI] equation). Also, the patient has a past medical history of non-ST-seg-
ment elevation acute myocardial infarction with revascularization of the left circumflex artery proximal segment with a conventional stent
back in 2006 without an impaired ventricular function. The patient also showed moderate aortic stenosis for which she was regularly
monitored by her cardiologist with a rate of progression of valvular heart disease in ranges of severity (peak gradient, 110 mmHg; mean
gradient, 74 mmHg; continuity equation valve area, 0.75 cm? and indexed, 0.45 cm?/m?) with preserved ventricular function (left ventricular
ejection fraction of 67% measured using Simpson's method). The echocardiography (figure 1) revealed the presence of left ventricular
hypertrophy (a 19 mm interventricular septum and a 13 mm posterior wall) and a reduced ventricular cavity (a 38 mm end-diastolic
diameter).

The patient remained asymptomatic with New York Heart Association functional class III, which is why the case was brought to the heart
team. Given the high surgical risk involved (logistic EuroSCORE, 26.2%, Surgeon Thoracic Score, 7.3%) it was decided to proceed with
transcatheter aortic valve implantation (TAVI). The study was completed with a coronary angiography (patent stent without de novo
lesions), a transesophageal echocardiography, and a computed tomography scan that confirmed the presence of a suitable caliber to use
the iliofemoral access and a borderline distance between the aortic annulus and the left main coronary artery of 10 mm with a suitable
diameter of both the valvular sinuses and the aortic annulus (22.1 mm). The patient gave her verbal consent for the dissemination of the
clinical case for teaching and scientific purposes.

Figure 1. Parasternal long-axis view. Hypertrophy of septal predominance with small ventricular cavity. Severe aortic calcification.
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Figure 2. Screening of complications: diagnostic angiography on left coronary artery.

Figure 3. Screening of complications: transesophageal echocardiography on the transgastral view.

Since the patient was eligible for this procedure, a 26 mm CoreValve Evolut self-expanding aortic valve (Medtronic; Minneapolis, MN,
United States) was implanted via transfemoral access after valvuloplasty with a 17 mm balloon. Femoral pre-closure as performed using
a Prostar XL 10 device (Abbott Vascular; Reedwood City, CA, United States). Given the left main coronary artery maximum height and
the possibility of a coronary occlusion, the heart team decided to use an angioplasty guidewire allocated in the left anterior descending
coronary artery through a 3.5-Fr EBU XB guiding catheter (Medtronic, United States) for protection purposes. The procedure was uneventful
and without immediate complications with proper penetration of the borders and a trivial degree of aortic regurgitation as seen on the
transesophageal echocardiography.

After implantation and while at the cath lab, the patient showed early and sudden arterial hypotension (60/40 mmHg). Competence was
confirmed between the rhythm paced by a temporary pacemaker and sinus rhythm without atrioventricular conduction disorders or
apparent signs of acute ischemia. Taking into consideration the borderline distance to the left main coronary artery, the injection occurred
through the guiding catheter inserted (figure 2). Similarly, the angiography performed discarded any vascular access complications.

The rapid echocardiographic evaluation performed discarded pericardial effusion (figure 3) and confirmed the integrity of the mitral
valvular apparatus and lack of compromised aortic annulus without aortic dissection or rupture; the good positioning and proper functioning
of the valve were confirmed without significant aortic regurgitation (figure 4) and no changes with respect to the immediate study following
the implant.

Ventricular function proved to be hyperdynamic with flow acceleration (videos 1 and 2 of the supplementary data).
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Figure 4. Screening of complications: transesophageal echocardiography, short-axis view.
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HOW WOULD | APPROACH IT?

This is a case of transcatheter aortic valve implantation (TAVI) (26 mm CoreValve Evolut). During the implant, the patient developed
severe hypotension while at the cath lab. Both the angiography and the echocardiography performed discarded the common causes of
hypotension after TAVI:

- Tamponade (the most common one, due to the pacemaker). There is no pericardial effusion.

- Aortic rupture: it is caused during the valvuloplasty before and after the dilatations with self-expanding valves. There is no pericardial
effusion or suggestive images on the echocardiography.

- Coronary occlusion: it is discarded by injecting the left main coronary artery (LMCA). When the LMCA needs to be protected, the
best thing to do is to leave a stent all the way into the left anterior descending coronary artery that should be long enough to provide
coverage from before the LMCA bifurcation until above the leaflets of the implanted valve.

- Vascular complications with hemorrhage. They can be discarded on an angiography.

- Severe aortic regurgitation due to paravalvular leak or leaflet dysfunction of the transcatheter aortic valve. In this case only non-sig-
nificant aortic regurgitation is seen.

- Other less common causes of hypotension such as mitral regurgitation due to chordal or papillary muscle ruptures and acute thrombosis
of the valve can be discarded on the echocardiography.

Once the most common causes have been discarded, a rare complication called suicide left ventricle (SLV) remains.

Patients with aortic stenosis (AS) develop an adaptation of the LV to pressure overload that induces hypertrophy and impaired diastolic
relaxation. Within the first few hours following surgical aortic valve replacement, changes in the dynamics of the LV can occur that can
trigger the appearance of dynamic intraventricular gradients in up to 15% of the patients.! For this reason, at times, aortic valvular
replacement and septal myectomy are performed.

The appearance of dynamic intraventricular gradients is associated with small LVs, asymmetric hypertrophy, high ejection fractions, and
high valvular gradients.! This case has a gradient of 110 mmHg, left ventricular hypertrophy (a 19 mm septum and a 13 mm posterior
wall), and a reduced ventricular cavity (a 38 mm end-diastolic diameter). We should remember that up to 10% of all aortic stenoses are
accompanied by asymmetric septal hypertrophy.

Also, some patients with AS may have underlying hypertrophic cardiomyopathy. That is why we should think of this entity in the presence
of a fast gradient that does not match the natural progression of a calcified AS (reduced aortic valve area > 0.12 cm? to 0.19 cm? per year).

Patients with AS related hypertrophic cardiomyopathy have worse in-hospital results (regarding mortality, cardiogenic shock, and kidney
disease) after TAVI.

The echocardiography reveals the presence of severe left ventricular hypertrophy with ventricular collapse and end-systolic left ventricular
outflow tract obstruction (LVOTO). Also, it shows a mosaic pattern that affects the entire LVOT compatible with pathological flow
acceleration. No systolic anterior motion (SAM) of the mitral valve was reported.

If the suspected cardiogenic shock is due to a dynamic intraventricular gradient, the following measures should be implemented:
- Serotherapy to keep left ventricular filling pressures higher than normal.

- Withdraw positive inotropic drugs and use medication to increase postload (phenylephrine in infusion to maintain systemic vascular
resistances).

- Monitor heart rate with cardioselective beta-blockers without vasodilator effect (metoprolol).
- Consider the use of disopyramide that has proven effective to reduce the dynamic gradient.

- In case of atrioventricular block or sinus bradycardia, implant a dual chamber pacemaker to keep atrioventricular synchrony and
recover the contribution of the atrial systole to ventricular filling. This is especially important in the presence of mid-ventricular
obliteration with flow acceleration in the LVOT.*

- In patients with SAM, if cardiogenic shock persists with the use of the optimal medical treatment, we would still have more therapeutic
options available: alcohol septal ablation, lower implantation of TAVI into the LVOT, emergency surgical myectomy, and implantation
of MitraClip.

- Alcohol septal ablation. Using a guidewire in the left anterior descending coronary artery, the injection of alcohol in the septal branches
would be pretty fast. The final outcome of septal ablation won't be seen for another 6 months after the procedure. However, promising
results have been reported in the emergency management of LVOTO after the transcatheter implantation of mitral valves,* and also
in a few cases of obstruction after TAVI. If the ablation of a septal branch does not do any good, another branch may be ablated with
alcohol (especially in cases with very diffuse septal hypertrophy). Cases of ablation after TAVI have been reported at the follow-up
as being asymptomatic. In patients showing LVOT dynamic obstructions and requiring TAVI, performing alcohol septal ablation
between 3 and 6 months after the implantation is advised.
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- New deeper TAVI to reduce the LVOTO. Very few cases have been published, all with CoreValve, in an attempt to avoid SAM (reported
after TAVI and transcatheter implantation of mitral valves). A case of CoreValve collapse due to dynamic obstruction treated with a
new CoreValve implanted a little deeper has been reported.

- MitraClip to treat SAM (reported in some of the cases published). This is difficult to perform in an emergency procedure.
- Emergency surgical myectomy: given the patient’s age and past medical history, it does not seem indicated.

Although rare, dynamic obstructions following TAVI can be a complication not easy to solve. The cases with echocardiographic criteria
of suspicion should be prevented by implementing the following measures:!

- Proper hydration prior to the implant. Avoid diuretics.

- Use rigid guidewires with not very small curves and place them in the middle of the ventricle.

- Cardioselective IV beta-blockers without vasodilator effects (metoprolol) and keep a low heart rate.
- Avoid positive inotropic drugs.

- Pacing should be performed with a pacemaker in the right cavities and pacing with the guidewire in the LV should be avoided.
Atrioventricular sequential pacing should be ready for use.

In the case presented here, if shock persists with the use of the optimal medical treatment and atrioventricular sequential pacing even in
the absence of systolic anterior motion (SAM) of the mitral valve, the septal ablation of 1 or several septal branches should be taken into
consideration.
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CASE RESOLUTION
Immediate shock after transcatheter aortic valve implantation (TAVI) is a rare complication that requires quick diagnosis and treatment.

The causes are alterations of the area adjacent to the implant (aortic regurgitation, aortic annulus complications or ischemia due to occlusion
or coronary artery embolism), complications distant from the implant area (perforations associated with the pacemaker or the support
guidewire in the left ventricle or mitral apparatus alterations) or vascular complications (in the femoroiliac access or the aorta). All of
these complications were discarded in our female patient.

The videos of the case presentation suggested a suspected rare cause for the shock: suicide left ventricle consisting of ventricular collapse
that triggers dynamic obstruction (video 1 of the supplementary data). The intraventricular gradient (figure 1) can generate anterior systolic
movement of the mitral valve and severe mitral regurgitation (figure 2). A catheter was advanced to the apex that confirmed the severe
intraventricular dynamic gradient (figure 3).

Targeted therapy with fluid therapy was used to optimize preload followed by IV esmolol, and phenylephrine. Also, the rhythm itself was
optimized in order to keep atrioventricular synchrony and extend the diastolic filling period. This made the gradient go away (figure 4)
and improved the patient’s hemodynamic situation.

Figure 1. Intraventricular dynamic gradient with late peak (arrow). Figure 2. Flow acceleration due to dynamic obstruction, anterior systolic
movement of the mitral valve, and severe mitral regurgitation.

Figure 3. Registry of aortic and left ventricular pressures immediately after Figure 4. Registry of aortic and left ventricular pressures after treatment;
TAVI: intraventricular dynamic gradient with late peak (arrows). No with- gradient resolution.
drawal, multimodal diagnosis.
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Progression was good and sustained in time. The control echocardiography performed at the hospital discharge showed a minimum dynamic
gradient without anterior systolic movement of the mitral valve treated with atenolol (25 mg/day).

The chronic increase of ventricular postload due to aortic stenosis can trigger myocardial hypertrophy and intraventricular gradient that
are masked by a fixed valvular obstruction.! However, after implanting the valve it triggers a series of hemodynamic changes that can
unmask this gradient? and eventually lead to hemodynamic collpase.’*

The importance of the case is that in the presence of sudden hypotension, vasopressor drugs are often used. However, they can deteriorate
both the intraventricular gradient and hypotension by increasing inotropism; that is why it is essential to be aware of this condition and
use beta-blockers.!

There are echocardiographic data available on the baseline study to predict the higher risk of developing suicide left ventricle:!* small
end-diastolic diameter, hyperdynamic left ventricular ejection fraction, asymmetric hypertrophy (septal predominance) and very high
valvular gradients. We should mention that, once the acute phase is over, ventricular hypertrophy decreases within the first month, and
in 94% of the patients, the dynamic gradient is solved at the 3-month follow-up.!
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Figure 1.

A 76-year-old male was admitted to undergo a transfemoral aortic valve implantation. Left main coronary artery (LMCA) was low
(8.5 mm) with a long (12.5 mm) and thick left leaflet in the aortic valve (figure 1A), and small aortic sinuses, therefore the LMCA was
protected with a guidewire. After implanting an Edwards-S3 valve (N29; -1cc) and despite patent LMCA with normal coronary flow the
coronary angiography still showed inconclusive images (arrow, figure 1B and video 1 of the supplementary data).

Intravascular ultrasound (IVUS) was performed, but the transducer could not be crossed easily because the guidewire was jailed. Using
the therapeutic introducer, we were able to engage the LMCA through the prosthesis open cells (figures 1C,D and videos 2,3 of the
supplementary data). The IVUS confirmed the presence of ostial LMCA compromise (area: 5.7 mm?) by the native leaflet. Stent implan-
tation (4 x 12 mm with 5 x 10 mm proximal optimization) was decided with a slight stent-protrusion inside the valve (figure 1E and
video 4 of the supplementary data). The IVUS and the angiography confirmed the good results (figure 1F,G and video 5 of the supple-
mentary data) and the patient was discharged 3 days later. Informed consent was obtained from the patient for the publication of his
case.
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Currently, coronary artery compromise is a growing concern. To prevent it consider careful sizing, a proper ring-sinuses-leaflet length
in relation to the coronary ostia, wire protection or even using the snorkel/chimney technique. Still, late occlusions have been reported.
Our patient illustrates the value of IVUS to decide how to treat these compromised ostia possibly avoiding this late complication. On

the other hand, compared to the snorkel technique the "ping-pong” technique allows a safe stenting inside the stent of the prosthesis
(arrow, figure 1H), causes less distortion to its structure, and facilitates access to the coronaries in the future.
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A 61-year-old male with a drug-eluting stent (DES) implanted 5 years ago (no further information) was admitted with anterior myocardial
infarction. The emergent coronary angiography performed revealed the presence of very late stent thrombosis (VLST) (figure 1A, stent
in green arrows, video 1 of the supplementary data). A Sion wire (Asahi Intecc) was easily advanced, but thromboaspiration catheter
failed to cross. A 2.5 mm compliant balloon that crossed easily was used to restore the flow (figure 1B, video 2 of the supplementary
data). Intravascular ultrasound (IVUS) revealed the presence of proximal stent deformation (partial crush) (figure 2A, red arrows indi-
cating crushed struts); and significant undersizing or underexpansion (average stent diameter of 2.75 mm, green arrows and 4.5 mm
reference diameter, blue line, figure 2B). Stent enhancement confirmed the IVUS findings. Given the deformation of the stent and the
mismatch between the stent and the vessel size, we dilated with a 4 mm non-compliant balloon (20 atm) and implanted a new 4 mm x
28 mm DES with excellent final results (figure 3, video 3 of the supplementary data). Presence of possible distal myocardial bridging.

Figure 1.
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Figure 2.

Figure 3.
Although the optical coherence tomography is the gold standard for late stent failure imaging, in selected cases, IVUS may be better for
stent thrombosis. IVUS is not affected by thrombus and has higher penetration, which is critical to assess the true diameter of the
vessel. In this case, the curve and malapposition facilitated an unnoticed peculiar wire crossing that facilitated the distortion of
the stent. The IVUS provided essential information to assess the mechanical factors associated with VLST and successfully guide such

a complex intervention. Crossing with a bent wire tip or imaging after crossing could have prevented the complication. Written informed
consent was obtained from the patient for the procedure and the assignment of anonymous images for scientific dissemination.
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Two-month baby recently treated with closure of perimembranous interventricular communication with congestive clinical signs in the
postoperative period and echocardiographic suspicion of possible right coronary artery-to-right ventricle fistula confirmed on the cardiac
computed tomography and catheterization with nonselective coronary angiography. Parents’ informed consent was obtained for the
dissemination of the case. A large coronary fistula—eligible for percutaneous closure—can be seen exiting the right coronary artery marginal
branch and entering the right ventricular cavity with great dilatation of the right coronary artery proximal segment (figure 1). A 4-Fr
carrier catheter is inserted into the right coronary artery and a guidewire is advanced towards the right ventricle. Assisted by an angioplasty
balloon, the carrier catheter is then advanced towards the fistula proximal zone where eventually a 4 x 6 Amplatzer Vascular Plug (AVP4)
device (Abbott, United States) is delivered resulting in the total occlusion of the defect with no interference with the distal right coronary
artery (figure 2).

Seventy-year-old male patient with an incidental finding on the transthoracic and transesophageal echocardiography of a large mass in the
right atrium with abundant vascular component. Patient' informed consent was obtained for the dissemination of the case. The cardiac
CT performed confirmed the finding of an arteriovenous malformation. The coronary angiography performed shows afference from the

Figure 1.

* Corresponding author: Unidad de Cardiologia Intervencionista, Plaza Cruces s/n, 48903 Baracaldo, Vizcaya, Spain.
E-mail address: luisfg82@hotmail.com (L. Ferndndez Gonzalez).

Received 23 April 2020. Accepted 17 June 2020. Online: 21-09-2020.
2604-7322 / © 2020 Sociedad Espafiola de Cardiologia. Published by Permanyer Publications. This is an open access journal under the CC BY-NC-ND 4.0 license.


mailto:luisfg82%40hotmail.com?subject=
http://crossmark.crossref.org/dialog/?doi=10.24875/RECICE.M20000151&domain=pdf
https://doi.org/10.24875/RECICE.M20000151

156 L. Ferndndez Gonzdlez et al. REC Interv Cardiol. 2021,3(2):155-156

Figure 2.

Figure 3.

mid-right coronary artery towards the atrial mass and percutaneous closure is decided. The closure is performed by advancing a micro-
catheter towards the afferent branch mid-section and protecting the mid-right coronary artery through the inflation of the angioplasty
balloon. Ten Hilal Coils (Cook Medical, United States) are delivered with good results and complete closure of the defect (figure 3).
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