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Abstract

Aims Timely referrals for transplantation and left ventricular assist device (LVAD) play a key role in favourable outcomes in
patients with advanced heart failure (HF). The purpose of the Catheter Ablation for atrial fibrillation in patientS with end-sTage
heart faiLure and Eligibility for Heart Transplantation (CASTLE-HTx) trial is to test the hypothesis that atrial fibrillation (AF) ab-
lation has beneficial effects on mortality and morbidity during ‘waiting time’ for heart transplantation (HTx) or to prolong the
time span until LVAD implantation.
Methods and Results CASTLE-HTx is a randomized evaluation of ablative treatment of AF in patients with severe left
ventricular dysfunction who are candidates and eligible for HTx. The primary endpoint is the composite of all-cause mortality,
worsening of HF requiring a high urgent transplantation, or LVAD implantation. The secondary study endpoints are all-cause
mortality, cardiovascular mortality, cerebrovascular accidents, worsening of HF requiring unplanned hospitalization, AF burden
reduction, unplanned hospitalization due to cardiovascular reason, all-cause hospitalization, quality of life, number of delivered
implantable cardioverter defibrillator therapies, time to first implantable cardioverter defibrillator therapy, number of
device-detected ventricular tachycardia/ventricular fibrillation episodes, left ventricular function, exercise tolerance, and
percentage of right ventricular pacing. Ventricular myocardial tissue will be obtained from patients who will undergo LVAD
implantation or HTx to assess the effect of catheter ablation on human HF myocardium. CASTLE-HTx will randomize 194
patients over a minimum time period of 2 years.
Conclusions CASTLE-HTx will determine if AF ablation has beneficial effects on mortality in patients with end-stage HF who
are eligible for HTx.
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Introduction

Accumulated evidence shows that patients with heart failure
(HF) and atrial fibrillation (AF) benefit from catheter ablation
in terms of hard endpoints.1–3 AF is a progressive disease that

is not only a consequence of structural, haemodynamic, and
electrophysiological remodelling but also a cause of the same
processes. It has been demonstrated that there is significant
overlap between the risk factors and pathophysiological
mechanisms of AF and HF.4 Today, approaches to treat
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patients suffering from AF and HF depend mainly on which
specialists are treating the patients. Electrophysiologists are
more in favour of restoring and maintaining sinus rhythm,
while the HF specialists tend to focus on alleviating acute
symptoms independent from the underlying dominant heart
rhythm.5 Of note, the current data support substantial ben-
efit for catheter ablation of AF in patients suffering from HF
with reduced ejection fraction.1 Advancements in ablation
technologies and increased operator experience have drasti-
cally improved the safety profile of AF ablation in HF. Pre-
sumably, permanent conversion from AF to sinus rhythm
could help to improve cardiac output, exercise tolerance,
and quality of life (QoL). However, patients with end-stage
HF eligible or listed for heart transplantations (HTx) repre-
sent a special cohort, because these patients have been ex-
cluded from all major trials over the recent years,6,7 leaving
them without recommendations and without evidence for
optimal treatment strategies for both AF and HF manage-
ment. In addition, current major trials explicitly exclude pa-
tients eligible or listed for HTx, which not only leaves
application of the established HF guideline uncertain in this
group,8 but also withholds many of the novel advances in
HF therapy in this advanced diseased cohort. Today, it re-
mains unclear whether recent beneficial achievements from
CASTLE-AF,1 CABANA,2 and CAMERA-MRI3 are transferable
and applicable in this rarely investigated patient cohort.
Therefore, the purpose of the Catheter Ablation for atrial
fibrillation in patientS with end-sTage heart faiLure and
Eligible for Heart Transplantation (CASTLE-HTx; NCT
04649801) trial is to test the hypothesis that AF ablation has
beneficial effects on mortality and morbidity during the
‘waiting time’ for HTx eligibility or to prolong the time span un-
til necessity for implantation of a ventricular assist device.9

Methods

This is a prospective, randomized, controlled clinical trial. The
study will be conducted in an open-label design. Data collec-
tion and management will be carried out locally at our site
(Herz- und Diabeteszentrum NRW, Bad Oeynhausen,
Germany). All serious adverse events will be reported and
classified. This study has been approved by our institutional
review board (Ref. 2020-678) and is in line with the Declara-
tion of Helsinki.

Objective

The primary objective of the CASTLE-HTx study is to evaluate
the effects of catheter-based ablation of AF in patients eligi-
ble for HTx on the composite endpoint of ‘all-cause mortality,
transplantation, or implantation of a ventricular assist
device’.

Primary endpoint

The primary endpoint is the composite of all-cause mortality,
worsening of HF requiring a high urgent transplantation, or
implantation of a ventricular assist device (as bridge to trans-
plantation therapy).

Secondary endpoints

The secondary study endpoints are all-cause mortality, car-
diovascular mortality, cerebrovascular accidents, AF burden
reduction, worsening of HF requiring unplanned hospitaliza-
tion, unplanned hospitalization due to cardiovascular reason,
all-cause hospitalization, QoL, number of delivered implant-
able cardioverter defibrillator (ICD) therapies (shock and
ATP), time to first ICD therapy, number of device-detected
ventricular tachycardia/ventricular fibrillation episodes, AF
burden, AF-free interval, left ventricular (LV) function, exer-
cise tolerance, and percentage of right ventricular (RV)
pacing.

Screening and enrolment

All patients with a history of AF (paroxysmal or persistent) and
end-stage HFwho present for evaluation for HTx at our institu-
tion fulfilling current International Society for Heart and Lung
Transplantation (ISHLT) HTx listing criteria7 will be screened
for eligibility of enrolment into this trial (Table 1). For the
purpose of this study, the following definitions will be used:
paroxysmal AF is defined as AF that terminates spontaneously
or with intervention within 7 days of onset. Persistent AF is
defined as AF that is continuously sustained beyond 7 days,
including episodes terminated by cardioversion (drugs or elec-
trical cardioversion) after ≥7 days. Included within the cate-
gory of persistent AF is ‘longstanding persistent AF’, which is
defined as continuous AF of >1 year duration.10 Documenta-
tion of AF can be obtained by electrocardiogram, Holter, loop
recorder, ICD memory, or any other suitable device. Previous
antiarrhythmic drug therapy is not an exclusion criterion. The
novel European Society of Cardiology guidelines for the man-
agement of patients with AF provides a IIa recommendation
for AF ablation in patients with HF.10

Study conduct

Following verification of the inclusion and exclusion criteria
and documentation of the demographic data and medical his-
tory, the investigational site will plan the date for enrolment
and baseline testing within the next 4 weeks. In case of ran-
domization to the ablation arm, the investigational site will
also plan the date of the ablation procedure, which will be
performed as soon as possible after baseline evaluation.
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Figure 1 illustrates the study flow chart. A composite end-
point has been chosen for the single-centre design of this
study and for the significantly higher number of patients re-
quired to specifically investigate mortality.

Baseline testing

At baseline testing, exclusion criteria (Table 1) will be
re-evaluated with presence of current ISHLT HTx listing criteria
(Table 2).7 If exclusion criteria are not met, the patient will be
enrolled after providing written informed consent and base-
line evaluationwill be performed. Echocardiographic measure-
ments will be performed in agreement with the institutional
standard operating procedures; the following parameters will
be assessed: right and left atrial diameter, RV/LV fractional
shortening, RV/LV ejection fraction, RV/LV end-systolic diame-
ter, RV/LV end-diastolic diameter and volumes, and RV/LV
strain analysis. Each patient will perform a 6 min walk test.
ICD/CRT-D datawill be recorded and stored, followed bymem-
ory reset at the end of the session.

Ablation procedure

Subjects will undergo ablation as soon as possible after base-
line evaluation. Before ablation, presence of left atrial throm-
bus formation has to be ruled out. In case of presence of
thrombi, the procedure will be postponed until thrombi will
be dissolved, but not longer than 4 weeks. If, after that pe-
riod, thrombi are still present, the ablation will be performed
using a cerebral protection device.

The aim of AF ablation is to achieve isolation of all four pul-
monary veins (PVs) and to restore sinus rhythm. The
anticoagulation regimen will be prescribed as follows: AF abla-
tion will be performed on uninterrupted vitamin K antagonist
aiming at a target international normalized ratio of 2.0–3.0.
In patients on direct oral anticoagulants, anticoagulation will
be stopped 12–24 h before the procedure and reinitiated 4 h
after ablation (after testing for pericardial effusion). A total
of 3 months after successful ablation and in the absence of
any recurrence of AF, antiarrhythmic drugs should be
discontinued. Rare short-lasting episodes (<30 s) recorded in
the early post-blanking period will be considered as insignifi-
cant. A spiral computed tomography scan can be indicated to
evaluate the presence of PV stenosis after catheter ablation.
The ablation system (three-dimensional mapping and
radiofrequency-guided or cryoballoon-guided ablation) selec-
tion is left to the discretion of the investigator, but the investi-
gator must have performed at least 50 AF ablation procedures,
comprising PV isolation, with the same approach. The ablation
will be classified as acutely successful if (i) all four PVs are iso-
lated and (ii) sinus rhythm is restored (if not already present).
Isolation of the PVs will be proven by identifying the presence
or absence of local PV potentials in the vein during sinus
rhythm or pacing, typically from the distal coronary sinus, at
a slow rate (vein entry). Isolations will be documented by short
strips of PV intracardiac electrograms. Sinus rhythm can be re-
stored also by means of electrical cardioversion. If required,
any additional lesion in the left as well as in the right atrium,
including coronary sinus, superior vena cava, and inferior vena
cava, is permitted. A ‘PVI-only ablation’ approach vs.
‘PVI + additional ablation’ will be subject of a subgroup analy-
sis. In case of unsuccessful ablation, a second attempt will be
made within 3 months. If after the second attempt the out-
come is also failure, atrioventricular node ablation will be per-
formed. Any time during the course of the study, additional
ablations may be performed if the subject has recurrence(s)
of AF except during the 12 weeks of blanking period following
either the initial ablation or a chronic redo.

Conventional treatment

Subjects assigned to the conventional arm will be treated ac-
cording to the European Society of Cardiology 2016 guideline
for management of chronic heart failure in the adults8 and

Table 1 Inclusion and exclusion criteria

Inclusion criteria
(1) Symptomatic paroxysmal or persistent AF (paroxysmal: ≥2
symptomatic or one documented AF episode lasting 30 s or more
in the last 3 months; persistent: ≥1 documented episode in the
last 3 months)
(2) Eligible for heart transplantation due to end-stage heart failure
(3) LV dysfunction with left ventricular ejection fraction ≤35%
(measured in the last 6 weeks prior to enrolment)
(4) NYHA class ≥II
(5) Indication for ICD therapy due to primary prevention
(6) Dual-chamber ICD with home monitoring capabilities already
implanted
(7) The patient is willing and able to comply with the protocol and
has provided written informed consent
(8) Sufficient GPRS network coverage in the patient’s area
(9) Age ≥18 years
Exclusion criteria
(1) Documented left atrial diameter >6 cm (parasternal long-axis
view)
(2) Contraindication for chronic anticoagulation therapy or heparin
(3) Previous left heart ablation procedure for atrial fibrillation
(4) Acute coronary syndrome, cardiac surgery, angioplasty, or
cerebrovascular accident within 2 months prior to enrolment
(5) Untreated hypothyroidism or hyperthyroidism
(6) Enrolment in another investigational drug or device study
(7) Woman currently pregnant, breastfeeding, or not using reliable
contraceptive measures during fertility age
(8) Mental or physical inability to participate in the study
(9) Listed as ‘high urgent’ for heart transplantation
(10) Cardiac assist device implanted
(11) Planned cardiovascular intervention
(12) Life expectancy ≤12 months
(13) Uncontrolled hypertension
(14) Requirement for dialysis due to end-stage renal failure

AF, atrial fibrillation; GPRS, General Packet Radio Service; ICD,
implantable cardioverter defibrillator; LV, left ventricular; NYHA,
New York Heart Association.
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the European Society of Cardiology 2020 guidelines for man-
agement of patients with atrial fibrillation.10 Efforts to main-
tain sinus rhythm in this study arm are recommended. In case
of rate control strategy, although no standard method for as-
sessment of heart rate control has been established, criteria
for rate control vary with patient age but usually involve
achieving ventricular rates between 60 and 80 b.p.m. at rest
and between 90 and 115 b.p.m. during moderate exercise.
Anticoagulation will be initiated, if not already started, and
maintained throughout the study.

Follow-up

If available, home monitoring will be activated in the im-
planted ICD/CRT device or implantable cardiac monitor for
continuous measurements of the AF burden on a daily basis.
The investigator will promptly be informed in case of recur-
rence of AF. In case that home monitoring is not possible,
the mean AF burden data will be collected from the interro-
gation of the implantable defibrillators at each visit. In case

of recurrences outside the post-ablation blanking period, it
is recommended to perform additional ablation(s), unless
clinically contraindicated. Antiarrhythmic drug therapy for
rhythm control will also be allowed in case of AF recurrence
after ablation. At 3, 6, 12, 24, and 36 months after baseline,
all patients will undergo a regular follow-up (FU) visit. Pa-
tients completing the multiples of 12 months while the study
is still ongoing will have additional FU visits, which will be
equal to all the other planned visits. FU windows will be
±14 days for the 3 and 6 month visits and ±30 days for the
remaining others. Echocardiographic measurements will be
performed as described previously. After the end of the
study, the patients may be contacted by phone to assess
their vital status.

Moreover, patients are routinely followed for their HTx
listing criteria and status,7 and re-evaluation of HF therapy
will be adjusted in the course of follow-up.11 In addition to
that these patients are routinely re-evaluated for severity of
HF, symptoms and secondary organ dysfunction and indica-
tion for implantation of ventricular assist devices are regularly
reassessed at every patient visit.12,13

Figure 1 Study conduct—flow chart. AF, atrial fibrillation; LVAD, left ventricular assist device.

CASTLE-HTx 1669

ESC Heart Failure 2021; 8: 1666–1674
DOI: 10.1002/ehf2.13150



Table 2 Indications for listing for heart transplantation in accordance with ISHLT 2016 criteria7

Cardiopulmonary stress testing to guide transplant listing: a maximal cardiopulmonary exercise test is defined as one with a respiratory
exchange ratio (RER) of 1.05 and achievement of an anaerobic threshold on optimal pharmacological therapy (Class I, level of
evidence: B)
In patients intolerant of a beta-blocker, a cut-off for peak oxygen consumption (VO2) of 14 mL/kg/min should be used to guide listing
(Class I, level of evidence: B)
In the presence of a beta-blocker, a cut-off for peak VO2 of 12 mL/kg/min should be used to guide listing (Class I, level of evidence: B)
In young patients (<50 years) and women, it is reasonable to consider using alternate standards in conjunction with peak VO2 to guide
listing, including per cent of predicted (50%) peak VO2 (Class IIa, level of evidence: B)
In the presence of a sub-maximal cardiopulmonary exercise test (RER 1.05), use of ventilation equivalent of carbon dioxide (VE/VCO2)
slope of >35 as a determinant in listing for transplantation may be considered (Class IIb, level of evidence: C)
In obese [body mass index (BMI) >30 kg/m2] patients, adjusting peak VO2 to lean body mass may be considered. A lean body mass-
adjusted peak VO2 of 19 mL/kg/min can serve as an optimal threshold to guide prognosis (Class IIb, level of evidence: B)
Listing patients based solely on the criterion of a peak VO2 measurement should not be performed (Class III, level of evidence: C)
Use of heart failure prognosis scores: heart failure prognosis scores should be performed along with cardiopulmonary exercise test to
determine prognosis and guide listing for transplantation for ambulatory patients. An estimated 1 year survival as calculated by the
Seattle Heart Failure Model (SHFM) of 80% or a Heart Failure Survival Score (HFSS) in the high/medium-risk range should be considered
as reasonable cut points for listing (Class IIb, level of evidence: C)
Listing patients solely on the criteria of heart failure survival prognostic scores should not be performed (Class III, level of evidence: C)
Role of diagnostic right heart catheterization (RHC): RHC should be performed on all adult candidates in preparation for listing for cardiac
transplantation and periodically until transplantation (Class 1, level of evidence: C). Periodic RHC is not advocated for routine surveillance
in children (Class III, level of evidence: C)
RHC should be performed at 3 to 6 month intervals in listed patients, especially in the presence of reversible pulmonary hypertension or
worsening of heart failure symptoms (Class I, level of evidence: C)
A vasodilator challenge should be administered when the pulmonary artery systolic pressure is >50 mmHg and either the transpulmonary
gradient is >15 or the pulmonary vascular resistance (PVR) is >3 Wood units while maintaining a systolic arterial blood pressure
>85 mmHg (Class I, level of evidence: C)
When an acute vasodilator challenge is unsuccessful, hospitalization with continuous haemodynamic monitoring should be performed, as
often the PVR will decline after 24 to 48 h of treatment consisting of diuretics, inotropes, and vasoactive agents such as inhaled nitric
oxide (Class I, level of evidence: C)
If medical therapy fails to achieve acceptable haemodynamics and if the left ventricle cannot be effectively unloaded with mechanical
adjuncts, including an intra-aortic balloon pump (IABP) and/or left ventricular assist device (LVAD), it is reasonable to conclude that the
pulmonary hypertension is irreversible. After LVAD, re-evaluation of haemodynamics should be performed after 3 to 6 months to
ascertain reversibility of pulmonary hypertension (Class IIA, level of evidence: C)
Carefully selected patients 4–70 years of age may be considered for cardiac transplantation (Class IIb, level of evidence: C)
Pre-transplant body mass index (BMI) >35 kg/m2 is associated with a worse outcome after cardiac transplantation. For such obese
patients, it is reasonable to recommend weight loss to achieve a BMI of <35 kg/m2 before listing for cardiac transplantation (Class IIa,
level of evidence: C)
Pre-existing neoplasms are diverse, and many are treatable with excision, radiotherapy, or chemotherapy to induce cure or remission. In
these patients needing cardiac transplantation, collaboration with oncology specialists should occur to stratify each patient as to their risk
of tumour recurrence. Cardiac transplantation should be considered when tumour recurrence is low based on tumour type, response to
therapy, and negative metastatic work-up. The specific amount of time to wait to transplant after neoplasm remission will depend on the
aforementioned factors, and no arbitrary time period for observation should be used (Class I, level of evidence: C)
Diabetes with end-organ damage (other than non-proliferative retinopathy) or persistent poor glycaemic control [glycosylated
haemoglobin (HbA1c) >7.5% or 58 mmol/mol] despite optimal effort is a relative contraindication for transplant (Class IIa, level of
evidence: C)
Renal function should be assessed using estimated glomerular filtration rate (eGFR) or creatinine clearance under optimal medical
therapy. Evidence of abnormal renal function should prompt further investigation, including renal ultrasonography, estimation of
proteinuria, and evaluation for renal arterial disease, to exclude intrinsic renal disease. It is reasonable to consider the presence of
irreversible renal dysfunction (eGFR <30 mL/min/1.73 m2) as a relative contraindication for heart transplantation alone (Class IIa, level
of evidence: C)
Clinically severe symptomatic cerebrovascular disease may be considered a contraindication to transplantation. Peripheral vascular disease
may be considered a relative contraindication for transplantation when its presence limits rehabilitation and revascularization is not a
viable option (Class IIb, level of evidence: C)
Assessment of frailty (3 of 5 possible symptoms, including unintentional weight loss of >10 lbs within the past year, muscle loss, fatigue,
slow walking speed, and low levels of physical activity) could be considered when assessing candidacy (Class IIb, level of evidence: C)
Use of mechanical circulatory support should be considered for patients with potentially reversible or treatable co-morbidities, such as
cancer, obesity, renal failure, tobacco use, and pharmacologically irreversible pulmonary hypertension, with subsequent re-evaluation
to establish candidacy (Class IIb, level of evidence: C)
Tobacco use: education on the importance of tobacco cessation and reduction in environmental or second-hand exposure should be
performed before the transplant and continue throughout the pre-transplant and post-transplant periods (Class I, level of evidence: C)
It is reasonable to consider active tobacco smoking as a relative contraindication to transplantation. Active tobacco smoking during the
previous 6 months is a risk factor for poor outcomes after transplantation (Class IIa, level of evidence: C)
A structured rehabilitative programmemay be considered for patients with a recent (24 month) history of alcohol abuse if transplantation
is being considered (Class IIb, level of evidence: C)
Patients who remain active substance abusers (including alcohol) should not receive heart transplantation (Class III, level of evidence: C)
Psychosocial assessment should be performed before listing for transplantation. Evaluation should include an assessment of the patient’s
ability to give informed consent and comply with instruction, including drug therapy, as well as assessment of the support systems in
place at home or in the community (Class I, level of evidence: C)

(Continues)
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Quality of life questionnaires and symptom diary

Prior to the FU examinations, each patient will be asked to
complete a QoL questionnaire (Minnesota Living with Heart
Failure ), at baseline and at all planned FU visits. The
Minnesota Living with Heart Failure Questionnaire is a
well-validated and highly disease-specific measurement
tool.14 A symptom diary will be used to assess the relation-
ship between recurrences of AF and symptoms. At enrol-
ment, every patient receives a diary to record typical HF
and AF symptoms, such as chest pain, dizziness, breathless-
ness, swollen feet or ankles, fatigue or weakness, nausea,
palpitations, sleep disorders, and racing heart. Furthermore,
visits to a general practitioner and to a hospital will also be
recorded. On the day of the symptomatic episode, the pa-
tient is asked to document the type and severity of
symptom(s) and to state if there was contact to the general
practitioner and/or a hospital visit. The patient is asked to
bring the diary at every planned FU visits, which will be ex-
amined by the investigator to detect any unreported ad-
verse events and/or hospitalizations.

Statistical methodology

Analysis
Primary analyses Descriptive statistics will be reported for
all clinical and demographic parameters. The main analysis
will be based on the intention-to-treat population, defined
based on the intention-to-treat principle. The aim of this
study is to demonstrate that ablated patients have a lower
risk for the composite endpoint consisting of all-cause mortal-
ity, worsening of HF, and the requirement for implantation of
a ventricular assist device. Therefore, we will perform a
log-rank test with a one-sided significance level of 2.5%. Fur-
thermore, we will conduct a Cox proportional hazard regres-
sion analysis focusing on treatment groups including all

clinical parameters as covariates to adjust for confounding.
Anyone involved in data analysis is blinded from the random-
ization result.

Secondary analyses Secondary endpoints will be analysed
with appropriate statistical methods depending on scales, in-
cluding ranking methods for the evaluation of ordinal data.
All P-values and confidence intervals from sensitivity or sec-
ondary analyses as well as from subgroup analyses will be
regarded as non-confirmatory and exploratory analyses.
Missing values will be—if appropriate—imputed using multi-
ple imputation strategies. All analyses will be performed
using validated statistical software.

Interims analysis to report on safety issues such as
periprocedural stroke and bleeding are implemented.

Sample size calculation
A hazard ratio (HR) of 0.75 is considered as clinically relevant
comparing the ablated patients with the conventional treat-
ment arm. However, it is expected that the HR is 0.5. A
log-rank test detected an HR of 0.5 at one-sided 2.5% signif-
icance level with 80% of power, an accrual time of 12months,
a follow-up time of 36months, and an assumed drop-out rate
of 15% in both groups, when the sample size is 97 per treat-
ment arm. In total, 194 patients are required for this prospec-
tive randomized analysis. The sample size calculation was
computed using the statistical software R Version 3.6.1. We
expect low drop-out rates for the high psychological strain
in this advanced diseased patient cohort.

Definition and detection of recurrence of atrial
fibrillation

For the purposes of this study, any sustained episode of AF
lasting 30 s or more is classified as recurrence. The investiga-
tor, or a nominated person at the institution, will obtain all
the details of the episode, including the duration. All episodes

Table 2 (continued)

Any patient for whom social supports are deemed insufficient to achieve compliant care in the outpatient setting may be regarded as
having a relative contraindication to transplant. The benefit of heart transplantation in patients with severe cognitive–behavioural
disabilities or dementia (e.g. self-injurious behaviour and inability to ever understand and cooperate with medical care) has not been
established and has the potential for harm, and therefore, heart transplantation cannot be recommended for this subgroup of patients
(Class IIa, level of evidence: C)
Poor compliance with drug regimens is a risk factor for graft rejection and mortality. Patients who have demonstrated an inability to
comply with drug therapy on multiple occasions should not receive transplantation (Class III, level of evidence: C)
Listed patients in an outpatient, ambulatory, non-inotropic therapy-dependent state should be continually evaluated for maximal
pharmacological and device therapy, including implantable cardioverter defibrillator (ICD) or biventricular pacing, when appropriate.
Such patients must be re-evaluated at 3 to 6 month intervals with cardiopulmonary exercise testing and heart failure survival
prognostic scores to assess their response to therapy and, if they have improved significantly, should be considered for delisting (Class
I, level of evidence: C)
Higher prioritization for highly sensitized patients may be considered due to difficulty obtaining a donor, causing excessive waiting times
and an increase in waiting list mortality (Class IIb, level of evidence: C)
Retransplantation is indicated for those patients who develop significant CAV with refractory cardiac allograft dysfunction, without
evidence of ongoing rejection (Class IIa, level of evidence: C)

CAV, cardiac allograft vasculopathy.

CASTLE-HTx 1671

ESC Heart Failure 2021; 8: 1666–1674
DOI: 10.1002/ehf2.13150



lasting 30 s or more occurring outside the blanking period of
12 weeks will be reported to the investigator, who will decide
whether to plan a redo ablation or not. Recurrences within
the blanking period will be named ‘early recurrences’; they
will be collected but will not trigger any action.

Definition and detection of burden of atrial
fibrillation

Multiple episodes of AF, all lasting <30 s, will not be classified
as a recurrence. However, such episodes may have a clinically
significant impact requiring intervention. The sum of the du-
rations of all such episodes (eventually also comprising epi-
sodes that could have been longer than 30 s) within the
day, expressed as a percentage with respect to 24 h, is de-
fined as AF burden.

Translational tissue analysis from bench to
bedside—and back

Ventricular myocardial tissue will be obtained from patients
who will undergo LV assist device (LVAD) implantation or
HTx. In all tissue specimens, myocardial contractility experi-
ments will be conducted to assess the effect of catheter abla-
tion on multicellular human HF myocardium in comparison
with specimen from non-ablated patients. We will perform
contractility experiments using in toto-isolated isometrically
twitching ventricular trabeculae from human hearts explanted
from patients with end-stage HF.15,16 In addition, intracellular
Ca2+ imaging and action potential recordings using the
patch-clamp technique will be performed as described previ-
ously by our group.16–19 Moreover, to investigate the effect
of AF on myocardial function ex vivo, we will apply an AF-like
arrhythmic but normofrequent electrical stimulation of cul-
tured isolated cardiomyocytes andmuscle strips. All previously
mentioned techniques will be used to characterize the con-
tractile and electrical phenotype after 24 h of arrhythmic field
stimulation. Translational experiments will be conducted at
Regensburg University Medical Center.

Discussion

Catheter ablation has been demonstrated to be superior over
antiarrhythmic drug therapy for both restoration and mainte-
nance of sinus rhythm.1 In the CASTLE-AF trial, catheter
ablation demonstrated superiority over pharmacological man-
agement in patients with AF and HF.1 However, end-stage HF
differs from other stages of the condition due to a worse prog-
nosis, often related to structural LV remodelling and low car-
diac output. In patients with end-stage HF, transplantation
and LVAD implantation prolong patients’ life and improve its

quality.9,13 The individual decision pathway focusing on eligi-
bility for HTx as well as LVAD implantation starts with confir-
mation of end-stage HF, continues with ruling out
contraindications, and finally ends with selecting the right path
in terms of individualized therapy.

More and more evidence has accumulated demonstrat-
ing that patients with HF and AF benefit, in terms of hard
endpoints, from invasive rhythm control by catheter
ablation.1–3 These observations led to the suggestion that
there might be a substantial degree of AF-induced struc-
tural LV remodelling in HF patients and even in those
without LV dysfunction. In this context, recent data demon-
strated that sinus rhythm after successful AF ablation re-
sulted in reverse LV remodelling and improvement of the
LV function as well as HF symptoms.1,20–22 Irrespective of
these findings, open questions remain regarding selection
of adequate patients and validity of the findings in patients
with terminal HF and severely impaired LV function. As
mentioned earlier, patients with end-stage HF eligible or
listed for HTx represent a separate and highly specialized
cohort, as these patients have been excluded from all ma-
jor and guideline relevant clinical trials.6,7 Consequently,
these patients suffer from a lack of recommendations and
evidence for optimal treatment strategies for both AF and
HF management.

In addition to that not only patient selection but also
patient re-evaluation remains challenging,23 because HF
patients may have presented to a centre and evaluation at
presentation came to the conclusion that it was too early
for either LVAD implantation or listing for HTx.7,11 Patients
with end-stage HF can often rapidly deteriorate in their
symptoms and experience acute worsening of their condi-
tion resulting in an urgent need for LVAD implantation due
to haemodynamic instability.9,13 In context with the difficul-
ties in identifying patients that are at risk for frequent dete-
rioration, AF and tachycardia-induced cardiomyopathy may
contribute to rapid haemodynamic decline. Therefore, this
trial is designed to address AF as a risk factor of HF
deterioration.

Importantly, we would like to emphasize that patient
participation in this trial does not imply any therapy with-
holding on therapeutic attempts that patients would re-
ceive for their HF therapy otherwise. This trial is designed
to fill the current scientific gap on patients that are eligible
for HTx but stable enough to require immediate interven-
tion. No patient in this trial will be penalized from listing
for HTx or gaining immediate HTx through incorporation
of AF ablation, which would not be ethically justifiable ei-
ther. All patients will receive current optimal and
guideline-derived medical and device therapy for their indi-
vidual HF status,8 but for those ‘in between’, this trial has
been designed to provide data on influence of AF ablation
resulting in rhythm control in patients with elevated
stages of HF.

1672 C. Sohns et al.

ESC Heart Failure 2021; 8: 1666–1674
DOI: 10.1002/ehf2.13150



The CASTLE-HTx trial is a prospective open-label random-
ized trial to evaluate the clinical and cellular effects of
catheter-based ablation of AF in patients eligible for HTx for
the composite endpoint of all-cause mortality, transplanta-
tion, or implantation of a ventricular assist device as well as
a significant AF burden reduction. Patient enrolment will start
in January 2021 and is expected to end in December 2022.
The outcome of the trial should define the value of AF abla-
tion in patients suffering from AF and end-stage HF.
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