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This editorial refers to ‘Long-term outcomes in young patients with atrioventricular block of unknown aetiolo‐
gy’, by J. Resdal Dideriksen et al., on page xxx.

The rate of permanent pacemaker (PPM) implantation is still growing in Europe, due in part to population ageing
with an increased risk of developing conduction diseases. Although most PPM recipients are elderly patients, some
young patients experience atrioventricular block (AVB) requiring PPM. In a recent study by Rudbeck-Resdal et al.
evaluating AVB in young patients, the estimated incidence of developing AVB before 50 years of age was 17.7/year/
million inhabitants throughout their 20-year nationwide study period.1 The aetiology of AVB was identified in only
half of the patients. The most frequent causes were complications to cardiac surgery (15.3%), congenital AVB or con‐
genital heart disease (9.0% and 4.2%, respectively), and cardioinhibitory reflex (5.0%). An underlying cardiomyop‐
athy or sarcoidosis were uncommon causes in this specific population.
Graphical Abstract Atrioventricular block of unknown origin in the young: who is responsible? CMR, cardiac magnetic resonance.
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In this issue of the European Heart Journal, Resdal Dideriksen et al. present a new analysis focusing on long-term
clinical outcomes in their population of young patients (<50 years) with PPM implanted for AVB of unknown aetiol‐
ogy.2 The authors report original data from a retrospective, case–control observational study, over a median follow-up
of 9.8 years, and show a 3.8-fold higher rate of death, or hospitalization for heart failure (HF), ventricular tachyar‐
rhythmias, or aborted sudden death, compared with an age- and sex-matched control population. A higher risk was
found in patients with permanent AVB at the time of implantation, and during the first 5 years after implantation.
These interesting but somewhat disturbing data raise a number of questions about what exactly is meant by ‘unknown
aetiology’ and the potential role of pacing therapy in the occurrence of adverse outcomes.

Unknown aetiologies and relationship to clinical outcomes
In the study by Resdal Dideriksen et al., the 50.3% rate of AVB from unknown aetiology emphasizes the lack of

thorough case investigations in this cohort.2 The poor outcome observed in these patients may actually be due to an
underlying disease, which is unknown because it has been insufficiently investigated, i.e. appropriate data on geno‐
typing and advanced cardiac imaging are lacking. The low 0.6% rate of genetic AVB2 is due to limited genetic testing
in the studied population, as SCN5A mutations account for ∼5% of cardiac conduction disorders in the young.3 Ge‐
netic testing should be considered in patients with early-onset (age <50 years) cardiac conduction disorders, either
isolated or associated with structural heart disease,3 as genetic variants in multiple genes have been described. Here,
genetic mutations with a strong impact on patients’ outcomes, such as LMNA mutations or SCN5A mutations possibly
in the setting of cardiac sodium channelopathy overlap syndrome,4 may have been missed.

Autoantibody-mediated AVB may have been underestimated as well. The authors did not systematically check the
immune status of the patients’ mothers using high sensitivity, quantitative radioligand assays, although it has been
reported that ∼10% of mothers who are sero-negative for anti-Ro/SSA and anti-La/SSB at the time of foetal diagnosis
later become sero-positive. This is a striking point as well, as immune-mediated AVB patients are exposed to dilated
cardiomyopathy and death,5 which contrasts with the favourable long-term prognosis of ‘true’ idiopathic AVB diag‐
nosed in the young.6

Lastly, cardiac magnetic resonance imaging was not performed on a systematic basis to rule out ischaemic heart
disease, myocarditis, sarcoidosis, or amyloidosis, although this imaging modality has proved to have an incremental
diagnostic role when added to standard clinical assessment.7

Role of pacing therapy
As stated by the authors, the poor outcomes observed may also be the consequence of pacing therapy, through so-

called ‘pacing-induced cardiomyopathy’ (PICM). This concept, first introduced by Karpawich et al.8 in the late
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1990s, has generated an abundant literature summarized in a recent review article.9 In the present study,2 data on left
ventricular ejection fraction (LVEF) and pacing burden during follow-up are not available, and the study cannot con‐
clude whether the poor outcomes observed were driven by the development of PICM. In the general PPM population,
the incidence of PICM varies between 10% and 20% among published series, depending on the definition used (echo‐
cardiographic, with an absolute LVEF decrease >10% or impairment of LVEF below 50%; or clinical, as new-onset
HF) and the duration of follow-up. Recent data from a large pacemaker registry suggest that the risk of new-onset HF
is higher in patients implanted for AVB, with the highest incidence in the younger age group (<55 years).10 The real
mechanisms underlying PICM are not fully understood, but include heterogeneous electrical activation, mimicking
left bundle branch block, mechanical activation changes, modifications of regional myocardial perfusion, and histo‐
logical modifications. These structural and functional changes explain the impaired regional contraction in paced pa‐
tients, near the pacing site. Overall systolic and diastolic functions can significantly decrease, with abnormalities al‐
ready visible after 18 months of follow-up. Adverse left ventricular (LV) remodelling may occur, leading to overt HF.

Therefore, how can we avoid such a poor prognosis in young PPM recipients, as observed in this study?

Firstly, a detailed diagnostic work-up should be undertaken to recognize the maximum potential high-risk aetiolo‐
gies, including the patient’s personal medical history, family history of cardiomyopathy, echocardiography, laboratory
testing to rule out borreliosis, molecular genetic testing to rule out muscular dystrophy and hereditary causes, and
cardiac magnetic resonance imaging.1 This is especially important because some particular aetiologies have a signifi‐
cant impact on patient management and outcome. For instance, current guidelines recommend the implantation of an
implantable cardioverter-defibrillator in cardiac sarcoidosis patients presenting with AVB since they are at high risk
of ventricular arrhythmias and sudden cardiac death.11

Secondly, one should determine whether a given patient is at risk of developing PICM and consequently try to
prevent it. The most obvious predictor of PCIM is baseline LVEF before implantation. Indeed, if LV function is al‐
ready impaired, even in asymptomatic patients, adding a non-physiological ventricular activation may further com‐
promise LVEF and lead to overt HF. The BLOCK-HF trial randomized patients with complete AVB, LVEF ≤50%,
and New York Heart Association (NYHA) class I–III to standard right ventricular (RV) pacing or biventricular (BiV)
pacing.12 The primary outcome was time to death from any cause, an urgent care visit for HF, or a >15% increase in
LV end-systolic volume index. A primary outcome event occurred in 55.6% and 45.8% of patients in the RV and BiV
pacing groups, respectively (hazard ratio 0.74, 95% confidence interval 0.60–0.90). Hospitalization and mortality
rates were 30% and 17% lower, respectively, in the BiV pacing group. The authors concluded that BiV pacing is su‐
perior to conventional RV pacing in patients with AV block, LV dysfunction, and NYHA class I–III symptoms.

Other factors such as age, male gender, renal impairment, diuretic use at baseline, and pre-implantation QRS width
were found to be predictors of PICM.

An optimal pacing site that produces as much physiological ventricular activation as possible should also be chos‐
en to avoid LV dysfunction. Indeed, ventricular pacing, particularly if performed at the RV apex, will cause an asyn‐
chronous LV activation, potentially leading to HF. Of note, 61% of the patients included in the study of Resdal Dider‐
iksen et al.2 had apical leads, possibly contributing to the impaired outcomes observed. Furthermore, many studies
evaluating the long-term effects of RV apical pacing supported the concept that the higher the pacing burden (%), the
more likely it is that LV dysfunction and HF will occur. The MOST trial enrolled patients with sinus node dysfunc‐
tion needing PPM, and showed that the risk of HF hospitalization increased by 20% for every 10% increase in RV
pacing. Pacing burden >40% was associated with a 2.6-fold increased risk of HF hospitalization in patients with
DDDR devices, compared with those with <40% of RV pacing.13

Consequently, alternative pacing sites have been tested, e.g. RV septum, RV outflow tract, LV only pacing, etc.
His bundle pacing could be a preferential option,14 but it still needs to be assessed in large randomized controlled
studies.

In patients with PICM, one option before scheduling BiV or His bundle pacing upgrade could be to assess RV
pacing burden and evaluate whether a simple reprogramming could be sufficient to decrease the pacing burden and
reverse LV dysfunction.15Acc
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The study by Resdal Dideriksen et al.2 adds new and important findings for the community of device physicians,
even though they are hypothesis generating. Whether the poor outcomes observed are due to the implanting physician
(because of a lack of thorough work-up to find a possible aetiology for the AVB associated with poor outcomes) or to
the device itself (through a PICM mechanism) is still a matter of debate and would require further studies (Graphical
Abstract).

The authors should be commended for their work emphasizing the necessity of a detailed work-up before device
implantation in patients aged <50 years and improved follow-up strategies to prevent the occurrence of adverse out‐
comes.

Conflict of interest: none declared.
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