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Background: Transcatheter aortic valve implantation (TAVI) is associated with new onset brady- and tachyarrhythmias which may impact clinical outcome.

Aims: To investigate the true incidence of new onset arrhythmias within 12 months after TAVI using an implantable cardiac monitor (ICM).

Methods: One hundred patients undergoing TAVI received an ICM within 3 months before or up to 5 days after TAVI. Patients were followed-up for 12 months after discharge from TAVI for the occurrence of atrial fibrillation (AF), bradycardia (≤30 bpm), advanced atrioventricular (AV) block, sustained ventricular and supraventricular tachycardia.

Results: A previously undiagnosed arrhythmia was observed in 31 patients (31%) and comprised AF in 19 patients (19%), advanced AV block in 3 patients (3%), and sustained supraventricular and ventricular tachycardia in 10 (10%) and 2 patients (2%), respectively. Three patients had a clinical diagnosis of sick-sinus-syndrome. A permanent pacemaker (PPM) was implanted in six patients (6%). The prevalence of pre-existing AF was 28%, and 47% of the patients had AF at the end of the study period. AF burden was significantly higher in patients with pre-existing [26.7% (IQR 0.3%; 100%)] compared to patients with new-onset AF [0.0% (IQR 0.0%; 0.06%); p = 0.001]. Three patients died after TAVI without evidence of an arrhythmic cause according to the available ICM recordings.

Conclusions: Rhythm monitoring for 12 months after TAVI revealed new arrhythmias, mainly AF, in almost one third of patients. Atrial fibrillation burden was higher in patients with prevalent compared to incident AF. Selected patients may benefit from short-term remote monitoring.

Trial Registration: https://clinicaltrials.gov/: NCT02559011.
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INTRODUCTION

Little is known about the frequency and burden of conduction disturbances and arrhythmias directly associated with degenerative aortic valve disease. Transcatheter aortic valve implantation (TAVI) for the treatment of severe symptomatic aortic valve stenosis has been established as the treatment of choice among inoperable (1), as well as high (2–4) and intermediate risk patients (5–8) and is a valid alternative for older patients at low surgical risk (9–12). Patients with aortic valve stenosis have a high incidence of both brady- and tachyarrhythmias before and after successful valve replacement. These arrhythmias include atrial fibrillation (AF), atrioventricular (AV) conduction disorder, sick sinus syndrome, ventricular and supraventricular tachycardia and are associated with significant morbidity and mortality. The reported prevalence of pre-existing AF in patients undergoing TAVI ranges from 16 to 50% in various studies (13, 14). New-onset AF (NOAF) after TAVI has been reported in 14–18% of patients after 1 year and 25% after 2 years (13, 15). The incidence of bradyarrhythmia after discharge from TAVI is generally low (4% after 1 year) (15), but may reach 20% in patients with new-onset left bundle branch block (LBBB), including advanced atrio-ventricular (AV) block in 15% of patients, when assessed using an implantable cardiac monitor (ICM) (16). In contrast, sustained ventricular tachycardia is very rare (16). Timely diagnosis and initiation of appropriate therapy may prevent untoward sequelae of arrhythmias, like ischemic stroke, syncope or sudden cardiac death. The purpose of the present study was to investigate the incidence of brady- and tachyarrhythmias among patients with severe, symptomatic aortic stenosis before, during and after TAVI using a small ICM.



METHODS


Study Population

In this single-center, prospective cohort study, we included 100 patients aged >18 years undergoing TAVI for the treatment of severe symptomatic aortic valve stenosis between March 2016 and October 2019. Patient inclusion was independent of the implanted valve type, access site or baseline heart rhythm. TAVI patients participating in randomized controlled trials ongoing during the same period, patients with a previously implanted permanent pacemaker (PPM) or internal cardioverter defibrillator, patients with clinical contraindications for ICM implantation, and patients unable to give informed consent were excluded from participation in the study. The study was approved by the local ethics committee (KEK-Number 281/15). All study procedures were conducted in accordance with the Declaration of Helsinki. All patients provided written informed consent to participate in the study.



Study Procedures

All patients included in the study received an ICM (Reveal LINQTM, Medtronic, MN, USA) with remote monitoring capability via the Medtronic CareLink SystemTM (Medtronic, MN, USA). Whenever possible, we implanted the ICM during pre-TAVI work-up, with the aim to screen for baseline arrhythmias. Implantation was performed subcutaneously according to standard practice in a manufacture-recommended location, as reported elsewhere (17). Details on the programming of the ICMs can be found in the Supplementary Table. All patients received detailed instructions on how to perform remote data transmission and were asked to perform a manual transmission once weekly, in addition to automatic, daily remote transmissions. Staff exclusively responsible for remote monitoring of patients at our institution and well-trained in electrocardiogram analysis triaged all episodes transmitted by the ICMs of study participants. Later during the study, triaging of episodes was provided by FocusOnTM (Medtronic, MN, USA), a specialized triaging service for remote monitoring data. An experienced electrophysiologist adjudicated all triaged electrocardiograms with arrhythmias or unclear findings. If the diagnosis was ambiguous, a second and a third electrophysiologist were consulted and a consensus reached. Data on AF burden was retrieved as displayed in the Medtronic CareLink System.

A 12-lead ECG was recorded in all patients before TAVI, immediately after TAVI and daily thereafter until stabilization of AV conduction or permanent pacemaker (PPM) implantation. Indications for PPM implantation after TAVI were based on institutional and international recommendations (18). Study follow-up included in-office visits or phone calls at 30 days, 3 and 12 months after TAVI. At each time point, a 12-lead ECG was obtained and analyzed according to established recommendations (19). Remote monitoring of the ICM was continuously performed up to study end. If remote transmission failed for longer than 2 weeks, the patients were contacted and remote transmission issues resolved.



Outcomes

The main study outcome was the diagnosis of new onset arrhythmia within 1-year follow-up after discharge from TAVI and included: AF; sustained supraventricular tachycardia; sustained ventricular tachycardia; advanced AV block; sinus arrest with a pause ≥6 s duration; AF with a pause ≥6 s duration; and bradycardia ≤30 beats per minute for more than 30 s. 12-lead ECGs before TAVI, immediately after TAVI, on day 7 after TAVI or hospital discharge (whichever came first) and after 3 and 12 months after TAVI were analyzed according to established recommendations (19).



Statistical Analysis

Continuous variables are expressed as means with standard deviations or medians with interquartile ranges (IQR), and categorical variables as frequencies and percentages. Continuous variables were compared using the Mann–Whitney U-test or t-test while differences in proportions were tested with Pearson's χ2 test or Fisher's exact test. Predictors for AF diagnosis by the ICM were assessed in uni- and multi-variable analyses. Variables with a p-value of <0.2 in the crude comparison were selected for adjustment and variable selection in the multiple generalized linear model. Results for survival free from AF or any new arrhythmia with time-to-event data were displayed as Kaplan-Meier curves for descriptive purposes. All tests were performed at a two-sided 5% significance level with two-sided 95% confidence intervals (CIs). All analyses were performed using Stata (StataCorp. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC).




RESULTS

Among the 100 study patients, 31 received the ICM a median of 20 days (IQR 4; 29) before TAVI (Figure 1). In the remaining 69 patients, the ICM was inserted a median of 1 day (IQR 0; 2) after TAVI. Table 1 shows the baseline patient characteristics. Four patients died during follow-up, three patients withdrew consent and two patients had their ICM explanted before the end of the study: one because of ICM infection 245 days after TAVI and one after PPM implantation 256 days after TAVI (Figure 1). TAVI was not performed in two patients who had received an ICM (one died prior to the procedure and one withdrew consent for both TAVI and participation in the study).


[image: Figure 1]
FIGURE 1. Study flow chart.



Table 1. Clinical and procedural characteristics.
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The prevalence of baseline right bundle branch (RBBB) and LBBB block was 7 and 10%, respectively. The prevalence of LBBB increased to 39% after TAVI and decreased to 22% after 1 year (Table 2). A PPM was implanted in 15 of the 98 patients who underwent TAVI (15%; Table 3; Figure 1). Nine PPM were implanted before hospital discharge and six thereafter. No patient received a PPM prior to TAVI. Within 1 year after TAVI, a new arrhythmia was observed in 31 patients (31%; Figure 2A). The new arrhythmias were as follows: AF in 19 patients (19%), advanced AV block in three patients (3%), and sustained supraventricular and ventricular tachycardia in 10 (10%) and two patients (2%), respectively.


Table 2. ECG characteristics before TAVI, after TAVI, and during follow-up.
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Table 3. Overview of patients undergoing PPM implantation.
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FIGURE 2. (A) Kaplan-Meier survival curve free of any new arrhythmia recorded by the ICM after TAVI. (B) Kaplan-Meier survival curve free of atrial fibrillation and new-onset atrial fibrillation after implantation of an implantable cardiac monitor.



Atrial Fibrillation

Among the 28 patients with a history of AF at inclusion, 22 were asymptomatic (79%), and AF was paroxysmal in 16 (57%). Overall, AF was recorded by the ICM in 43 patients (43%). The diagnosis of NOAF was made in 19 patients (19%) and in 24 patients (24%) AF was pre-existing (Figure 2). Patients with NOAF initially all had paroxysmal AF. One of these patients developed persistent AF within 12 months after TAVI. Oral anticoagulation was initiated in all after NOAF diagnosis. No AF was observed in four out of the 28 patients (14%) with pre-existing AF. Median time of ICM implantation to first AF recording was 6 days (IQR 0; 93) overall, 57 days (IQR 36; 153) in patients with NOAF, and 1 day (IQR 0; 2) in patients with pre-existing AF (Supplementary Figure). Among the 31 patients with ICM implantation before TAVI, AF was recorded before the procedure in nine patients (29%) at a median of 19 days before TAVI (range 1–96 days before TAVI). AF was pre-existing in seven of these patients (78%) and new in two (22%). AF burden recorded by the ICM in patients with pre-existing AF was 26.7% (IQR 0.3%; 100%), and 0.0% (IQR 0.0%; 0.06%) in patients with NOAF (p for difference = 0.001). In patients with pre-existing AF, we found no difference in AF burden before vs. after TAVI [0.0% (IQR 0.0%; 4.8%) vs. 0.1% (IQR 0.0%; 6.1%); p = 0.837]. History of stroke or transient ischemic attack, prolonged PR interval or filtered P wave duration and larger left atrial volume index (LAVI) were predictors of pre-existing or new-onset AF. In multivariate analysis, larger LAVI and lower mean aortic valve gradient remained significant predictors for AF. Tables 4, 5 show uni- and multivariate predictors for prevalence and incidence of AF.


Table 4. Univariate predictors of atrial fibrillation.
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Table 5. Multivariate predictors of atrial fibrillation.
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Bradycardia and PPM Implantation

Sinus bradycardia and/or sinus arrest were not observed by the ICM in any patient. AF with a pause lasting 8 s at night was recorded in one patient. No pacemaker was implanted in this patient because he was bedridden. Asymptomatic complete AV block was recorded in five patients with pauses lasting from 2 to 8 s. Complete AV block occurred before discharge from TAVI in two patients and after discharge from TAVI in three patients (6, 7, and 8 days after TAVI). A PPM was implanted in all five patients (Table 3). Second degree AV block type Wenckebach was recorded by the ICM in two additional patients 167 and 300 days after TAVI, respectively. No PPM was implanted in these patients. In three patients, a PPM was implanted during follow-up because of a clinical diagnosis of sick sinus syndrome (symptomatic bradycardia or chronotropic incompetence) 35, 36, and 231 days after TAVI. These patients did not meet bradycardia endpoint criteria defined for the ICM.



Sustained Ventricular and Supraventricular Tachycardia

Sustained ventricular tachycardias were observed in two patients (2%). One patient had three episodes of asymptomatic ventricular tachycardias lasting from 1 to 8 min. His betablocker dose was increased but he refused further therapies. Another patient had asymptomatic ventricular tachycardia lasting 1 min. After a detailed work-up showing normal left ventricular function, it was decided to continue remote monitoring of the patient without additional interventions. Ten patients (10%) had a median of one sustained supraventricular tachycardia (range 1–6) lasting from 30 s to 1 h and 12 min. All patients with a supraventricular tachycardia were asymptomatic.



Clinical Outcomes

Table 6 shows the outcomes 30 days and 1 year after TAVI. We were able to retrieve the ICM of the three patients who died after TAVI. The recordings of the ICMs showed either artifacts or asystole, recorded after death in all three patients. No death was causally related to a recorded arrhythmia in any patient. The ICM of the patient who died before TAVI had his last transmission 2 days before death, it showed an increase in heart rate and AF burden. This patient died due to hepatocellular carcinoma and his ICM was not retrievable.


Table 6. Clinical outcomes.
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DISCUSSION

Rhythm monitoring for 1 year with an ICM in patients undergoing TAVI reveals the following arrhythmias: (1) New-onset atrial fibrillation in one quarter of patients without pre-existing atrial fibrillation; (2) sustained supraventricular tachycardia in one tenth of patients; (3) complete AV block after discharge from TAVI in 3% of patients; and (4) sustained ventricular tachycardia in 2% of patients.

In the MARE multicentric study, 103 patients received an ICM within 3–6 days after TAVI and were followed up during 12 months for relevant arrhythmias (16). In contrast to our study, all patients in the MARE study had new-onset, complete LBBB at inclusion and all patients were included after TAVI. The prevalence of pre-existing AF was 26% compared to 28% in our study. We found an incidence of NOAF of 26% compared to 17% in the MARE study. Using continuous PPM monitoring after TAVI, other authors reported a similar incidence of NOAF of 25% within 1 year (20), while it was 14% 1 year after TAVI in a pooled analysis performed by our group (15). Because the incidence of AF depends on both the screening strategy and the patient population included, higher detection rates are expected in studies using continuous monitoring (21).

Both pre-existing AF and NOAF have been associated with higher mortality and stroke incidence after TAVI (14, 15). Screening for AF and initiation of the appropriate treatment may therefore improve outcome, while predictors of an increased risk of AF are not well investigated in this population. Our prospective study provides some answers and identifies larger LAVI and longer P wave duration as predictors of NOAF, reflecting atrial mechanical and electrical remodeling. Both LAVI and P wave duration are established predictors of AF in other populations and another group also identified left atrial size as the best predictor for NOAF in TAVI patients (22).

Despite high rates of pre-existing AF or NOAF in almost half of TAVI patients, the GALILEO trial, which investigated oral anticoagulation with Rivaroxaban at a dose of 10 mg daily after TAVI compared to antiplatelet therapy in patients without indication for oral anticoagulation, was terminated prematurely because of safety concerns (23). Anticoagulation should therefore only be initiated after unequivocal diagnosis of AF. We observed a significantly lower AF burden in patients with new-onset AF compared to patients with pre-existing AF. There is ongoing debate about the threshold of AF burden that justifies oral anticoagulation, when AF is diagnosed by continuous monitoring (24). The recently published Loop trial failed to show a benefit of oral anticoagulation in patients with screen-detected AF. Randomized trials are ongoing that will shed light onto the threshold of AF burden that justifies oral anticoagulation (25, 26).

We observed complete AV block with consecutive PPM implantation in only three patients after discharge, all within 1 week. A PPM was implanted due to clinical sick-sinus-syndrome in an additional 3% of patients after discharge amounting to a total of 6% of PPM implantation after discharge. In a larger TAVI population, we reported a similar incidence of 6% late PPM implantation after TAVI, of which 16% were due to sick-sinus-syndrome (27). In the MARE study, 10% of patients experienced severe bradycardia leading to PPM implantation, due to either advanced AV conduction impairment or sick sinus syndrome. The higher incidence in the MARE study is most likely the consequence of including a population at higher risk of conduction disturbances (new-onset LBBB after TAVI was present in all), while LBBB at discharge was only present in 39% of the patients in our study. Of note, the prevalence of LBBB decreased by over one third after 12 months, both in the MARE and in our study.

Sustained ventricular tachycardia was rare both in the MARE and the present study. No ICD was implanted in two patients experiencing asymptomatic sustained ventricular tachycardia in our study, whereas two patients received an ICD in the MARE study owing to ventricular arrhythmias. In a larger TAVI population, we have previously described a very low rate of ICD implantation after TAVI (27). With a prevalence of 10%, sustained supraventricular tachycardia were among the most frequent arrhythmias after TAVI. However, they usually lasted only a few minutes, were asymptomatic in all patients and did not require any treatment modifications in our study.

The overall mortality and stroke rates at 12 months (3 and 1%, respectively) were rather low in this elderly population with a mean STS score of 3.4 ± 2.1%. Unfortunately, the functionality of the ICM does not allow accurate conclusions concerning the heart rhythm at the time of death, since bradyarrhythmia and sinus arrest are overwritten by subsequent asystole. Therefore, the only reliable conclusion that can be drawn concerning the occurrence of ventricular arrhythmia, is that they weren't the cause of death in any of the patients.



LIMITATIONS

The present study represents a single center experience at a tertiary care center with follow-up limited to 12 months. Transient complete AV block with a pause of <3 s or 2:1 AV block is not recorded by the ICM, and the prevalence of advanced AV block after TAVI may therefore be underestimated.



CONCLUSIONS

New arrhythmias, mainly AF, were frequent in our TAVI population. Atrial fibrillation burden was higher in TAVI patients with pre-existing AF compared to patients with new-onset AF. The incidence of advanced AV block and of ventricular tachycardia was low.
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