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Background: When an implantable-cardioverter defibrillator (ICD) lead becomes non-functional, a recommendation currently exists for either lead abandonment or removal. Lead abandonment and subcutaneous ICD (S-ICD) implantation may represent an additional option for patients who do not require pacing. The aim of this study was to investigate the outcomes of a strategy of lead abandonment and S-ICD implantation in the setting of lead malfunction.

Methods: We analyzed all consecutive patients who underwent S-ICD implantation after abandonment of malfunctioning leads and compared their outcomes with those of patients who underwent extraction and subsequent reimplantation of a single-chamber transvenous ICD (T-ICD).

Results: Forty-three patients underwent S-ICD implantation after abandonment of malfunctioning leads, while 62 patients underwent extraction and subsequent reimplantation of a new T-ICD. The two groups were comparable. In the extraction group, no major complications occurred during extraction, while the procedure failed and an S-ICD was implanted in 4 patients. During a median follow-up of 21 months, 3 major complications or deaths occurred in the S-ICD group and 11 in the T-ICD group (HR 1.07; 95% CI 0.29–3.94; P = 0.912). Minor complications were 4 in the S-ICD group and 5 in the T-ICD group (HR 2.13; 95% CI 0.49–9.24; P = 0.238).

Conclusions: In the event of ICD lead malfunction, extraction avoids the potential long-term risks of abandoned leads. Nonetheless the strategy of lead abandonment and S-ICD implantation was feasible and safe, with no significant increase in adverse outcomes, and may represent an option in selected clinical settings. Further studies are needed to fully understand the potential risks of lead abandonment.

Clinical Trial Registration: URL: ClinicalTrials.gov Identifier: NCT02275637
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INTRODUCTION

Implantable cardioverter-defibrillators (ICDs) are an effective therapy for sudden cardiac death prevention (1). However, complications with ICD therapy exist and are mainly associated with the use of transvenous leads in the heart and vascular system (2, 3). In the case of lead malfunction, it may be removed or left in situ, and the decision should be based on the expected risks and benefits (4). The risks of removal include venous or cardiac perforation, and depend on many factors, such as the duration of the lead implant, the patient's age and condition, and the experience of the operator. The benefits of removal include the avoidance of possible infections requiring later and more difficult extraction, and the creation of an access to allow implantation of a new lead. Currently, in the setting of lead malfunction, a class IIa recommendation exists for either lead abandonment or removal (4); this is based on single-center observational studies that have compared the two strategies, followed by transvenous ICD (T-ICD) reimplantation (5, 6). An entirely subcutaneous ICD (S-ICD) (Emblem™, Boston Scientific Inc., Natick, MA, USA) has been developed to prevent all possible complications associated with the insertion and long-term presence of transvenous leads in the heart and the vascular system (7, 8). Since with S-ICD no leads are inserted into the cardiovascular system, it may represent a preferred option for patients with limited venous access or those who are at high risk of infection (9). Thus, a strategy of S-ICD implantation after the abandonment of malfunctioning leads may represent an additional option for patients who do not require pacing.

The aim of the present study was to compare outcomes of a strategy of lead abandonment and S-ICD implantation in the setting of lead malfunction, with those of patients who underwent transvenous extraction with subsequent reimplantation of a single-chamber T-ICD.



METHODS


Study Design

Patients undergoing implantation of an ICD were prospectively enrolled at the cardiovascular centers that participate in the Rhythm Detect registry (NCT02275637). The Institutional Review Boards approved the study, and all patients provided written informed consent for data storage and analysis. For the present analysis, we identified all patients, from 2015 to 2018 at 12 Italian centers, who underwent S-ICD (Boston Scientific Inc., Natick, MA, USA) implantation after the abandonment of malfunctioning leads and compared their outcomes with those of patients who underwent transvenous extraction with subsequent reimplantation of a single-chamber T-ICD. Baseline assessment comprised collection of demographic data, medical history (including data from the extraction and subsequent implantation procedures), clinical examination, 12-lead electrocardiogram, echocardiography and estimation of NYHA functional class. The extraction and implantation procedures, as well as perioperative and postoperative clinical management, were performed in accordance with the clinical practice of each center. In patients who received an S-ICD, an ECG morphology tool was used to verify the quality of device sensing before implantation. Devices were implanted and acute defibrillation tests were performed according to the local clinical practice. Defibrillation testing through induction of ventricular fibrillation was performed under deep sedation or general anesthesia. Information on clinical outcomes, such as hospitalizations and deaths, was collected during hospital visits or, if patients missed scheduled visits, via telephone calls.



Study End-Points

In the present analysis, the study database was searched for all procedure- or device-related adverse events, defined as untoward events resulting from the presence or performance of the system implanted. Specifically, those events resulting in prolonged hospitalization or surgical intervention for system revision were considered to be major complications. The primary endpoint was the combination of major complications and all-cause deaths. All adverse events not requiring surgical intervention (including inappropriate shocks) or hospitalization were classified as minor complications. The end-points were analyzed according to the intention-to-treat principle. On-treatment analysis was also performed.



Statistical Analysis

Descriptive statistics are reported as means ± SD for normally distributed continuous variables or medians with 25th to 75th percentiles in the case of skewed distribution. Normality of distribution was tested by means of the non-parametric Kolmogorov-Smirnov test. Categorical variables are reported as percentages. Differences between mean data were compared by means of a t-test for Gaussian variables, and Mann–Whitney non-parametric test for non-Gaussian variables. Differences in proportions were compared by means of chi-square analysis or Fisher's exact test, as appropriate. Survival analysis was performed by means of the Kaplan-Meier method, and the log-rank test was applied to evaluate differences between survival trends. For all time-to-event estimations, patients were censored on death or at their last follow-up visit. A P value < 0.05 was considered significant for all tests. All statistical analyses were performed by means of STATISTICA software, version 7.1 (StatSoft, Inc, Tulsa, OK, USA).




RESULTS


Study Population

From 2015 to 2018, a total of 43 patients underwent S-ICD implantation after the abandonment of malfunctioning leads at the study centers. In the same period, transvenous extraction of malfunctioning leads and subsequent reimplantation of a single-chamber T-ICD was attempted in 62 patients. Table 1 shows the baseline clinical variables in the two groups. Age, left ventricular systolic function, functional status and etiology were comparable between the groups. Chronic kidney disease was non-significantly more frequent in patients with abandoned leads and S-ICD (p = 0.054). A multi-lead (dual-chamber or biventricular) ICD had previously been implanted in 33% of patients who subsequently received an S-ICD and in 21% of those who underwent extraction and received a single-chamber ICD (p = 0.181, Table 1). The implant duration (time from the first ICD implantation) was significantly longer in patients with lead abandonment and S-ICD implantation (5 ± 3 vs. 4 ± 2 years, p = 0.021).


Table 1. Demographics and baseline clinical parameters.
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S-ICD Implantation Procedure

The surface ECG screening procedure identified at least 1 suitable vector in all patients; at least two vectors were appropriate in 37 (86%), and three vectors in 15 (35%). The S-ICD generator was positioned in a standard subcutaneous pocket in 8 (19%) patients, while an intermuscular approach was adopted in the remaining 81%. The lead was positioned by means of a 2-incision technique (avoiding the superior parasternal incision) in 38 (88%) patients. Defibrillation testing was performed in 31 S-ICD patients (72%) and was effective in all cases at 80J and in 30 (96.7%) cases at 65J. In the remaining patients, defibrillation testing was not performed because of concerns over reported clinical instability (3 patients), lack of inducibility of ventricular fibrillation (3 patients), or physician preference (6 patients). On hospital discharge, sensing from the primary vector was programmed in 26 (60%) patients, from the secondary vector in 15 (35%) and from the alternative vector in 2 (5%).



Lead Extraction and Transvenous ICD Implantation

A total of 75 leads (1.2 ± 0.5 leads per patient) were extracted from 62 patients. Leads were extracted by means of locking stylets in 1 (2%) patient, mechanical non-powered sheaths (Byrd Dilator Polypropylene Sheaths©, Cook Medical, Bloomington, IN, USA) in 57 (92%) and powered sheaths (multiple manufacturers) in 4 (6%). Complete procedural success was obtained in 56 (90%) patients. Partial success (<4 cm lead fragment remained in the body) was reported in 1 (2%) patient and radiological failure (>4 cm lead fragment remained in the body) was reported in 5 (8%) patients. In 4 of these 5 patients, the decision was taken to implant an S-ICD; these 4 patients were analyzed in the lead extraction group, according to the intention-to-treat principle, and in the lead abandonment and S-ICD group, according to the on-treatment principle. No major complications occurred during extraction. Pocket hematomas were reported in two patients. In one case, it resolved without specific therapy; in the other, it required evacuation and was associated with a vagal crisis rapidly resolved with fluid infusion and atropine.



Follow-Up

During a median follow-up of 21 months (25th to75th percentiles, 7 to 39), 3 patients died (1 in the S-ICD group and 1 in the T-ICD group from chronic heart failure, and 1 in the T-ICD group from non-cardiac reasons). One patient with T-ICD underwent urgent heart transplantation. No sudden cardiac deaths occurred. Additional major complications were reported in 10 patients (Table 2). All complications were successfully resolved. Moreover, 9 additional events were managed non-invasively, and were defined as minor complications (Table 3). The Kaplan-Meier estimates of time to the primary endpoint were compared between the groups according to the intention-to-treat principle (hazard ratio, 1.07; 95% CI, 0.29 to 3.94; p = 0.912) (Figure 1). Similar findings were obtained with the analysis of time to first major complication (hazard ratio, 0.85; 95% CI, 0.19 to 3.74; p = 0.834). In the on-treatment analysis, estimates of time to the primary endpoint were compared between the 47 patients who actually had abandoned leads and received S-ICD and the 58 patients who underwent successful lead extraction and T-ICD implantation (hazard ratio, 1.35; 95% CI, 0.39 to 4.69; p = 0.590). The Kaplan-Meier analysis of minor complications according to the intention-to-treat principle is reported in Figure 2 (hazard ratio, 2.13; 95% CI, 0.49 to 9.24; p = 0.238). The on-treatment analysis yielded similar findings (hazard ratio, 1.79; 95% CI, 0.44 to 7.36; p = 0.365).


Table 2. Major complications reported during follow-up.
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Table 3. Minor complications reported during follow-up.
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FIGURE 1. Kaplan-Meier estimates of time to the primary endpoint, according to intention-to-treat principle.
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FIGURE 2. Kaplan-Meier estimates of time to first minor complication, according to intention-to-treat principle.





DISCUSSION

Despite the proven effectiveness of ICD therapy in preventing sudden cardiac death, the transvenous lead still constitutes the weakest link in the chain. According to the literature, the annual rate of transvenous ICD lead failure may reach 20% in 10-year-old leads (10), and in recent years an unexpectedly high failure rate, related to structural issues, has been reported for some specific lead types (11, 12).

In the event of lead failure, either extraction and reimplantation or abandonment and the addition of a new lead may be considered. The advantages and disadvantages of both strategies need to be weighed carefully. In patients who do not require pacing, a third possible solution could be to implant an S-ICD and to leave the malfunctioning T-ICD lead in place. This approach avoids the risks of lead removal and those related to the insertion of additional transvenous leads. In our experience, the strategy of lead abandonment and S-ICD implantation appeared to be feasible and safe, with no increase in adverse outcomes.

Although the two groups in analysis were similar, the lead abandonment and S-ICD implantation strategy seemed to be preferred by the study centers in patients with a higher risk profile, i.e. with comorbidities, such as chronic kidney disease, with longer implant durations and with more leads in place. This is in line with the results of a European survey that investigated operators' views on the management of malfunctioning leads (13). Indeed, the variables associated with the decision to extract or abandon a lead included the lead-dwelling time and the total number of leads.

The S-ICD implantation procedure was found to be safe, with no complications reported, in agreement with previous and larger reports on de-novo S-ICD implantation (7, 8, 14). As previously described with regard to de-novo S-ICD implantation procedures in Europe (15), in most of our patients the generator was positioned in an intermuscular pocket and the lead was implanted by means of a 2-incision technique (16). Our findings extend those of our previous study on the use of S-ICD in patients undergoing ICD extraction, in which we recorded a reduction in complications when intermuscular generator positioning was adopted (17). Defibrillation testing was effective at 65J in 96.7% and at 80 J in 100% of patients; comparable success rates have been reported for de-novo implantation procedures (18). This confirms the effectiveness of the defibrillation wave generated by the S-ICD system, even in the presence of abandoned defibrillation coils.

In the present study, we also observed a high rate of success of the transvenous lead extraction procedure in the extraction/reimplantation group, with few radiological failures and only minor complications. These findings are in line with the results of the European Lead Extraction ConTRolled (ELECTRa) study, in which transvenous lead extraction generally proved safe and effective when performed at high-volume centers and by experienced operators (19). However, the procedure remains potentially associated with life-threatening operative and postoperative complications. Thus, the availability of an alternative approach may be extremely valuable, when extraction is not mandated in order to eradicate an infection. Interestingly, after a failed extraction attempt in 4 patients, the decision was taken to abandon the leads and to implant an S-ICD. Plausibly, the decision to interrupt the extraction procedure was prompted by the availability of an alternative solution.

In this analysis, the rates of complications during follow-up were comparable between the groups. This finding agrees with the results of studies that compared the performance of S-ICD and T-ICD after de-novo implantation (20) and with those of our previous study comparing S-ICD with T-ICD implantation after T-ICD explantation because of infection or for other reasons (17). The present analysis also complements a previous comparison between patients undergoing S-ICD implantation after extraction of a T-ICD and patients receiving a de-novo S-ICD (21), which documented similar complication rates.

Our results showed that there was no increased risk of complications, such as ineffective or inappropriate shocks or infections, related to abandoned leads. Although a recent publication (22) showed that 9% of abandoned ICD leads needed to be extracted at a median follow up of 4.4 ± 3.1 years, mostly due to infection. This is relevant not only in comparison with the patients who underwent extraction in this series, but also, and especially, if a strategy consisting of placement of an additional lead and T-ICD use is considered after lead abandonment (23). Indeed, Wollmann et al. (24) found a 3-year adverse event rate of 30% in patients who underwent implantation of an additional lead. An abandoned lead may interfere with the active transvenous lead and result in inappropriate shocks. Moreover, the presence of multiple leads is associated with higher risk of infection (25), and ICD-related infections carry significant risks of mortality and morbidity (26). Additional implications of lead abandonment and the placement of additional leads are the increased risk of venous thrombosis (27) and additional difficulties in the case of future extraction (28). Moreover, according to a recently published ELECTRa study sub-analysis, in the case of mandatory extraction (i.e. for infection), the presence of previously abandoned leads is associated with increased procedural complexity, clinical failure, and major complication rates (29). Our study revealed the practice of re-evaluating the need for pacing. Indeed, single-chamber ICDs and S-ICDs were frequently adopted after removal of dual-chamber or biventricular ICDs. Nevertheless, adopting this approach requires caution, in order to avoid the need for subsequent upgrades. Indeed, in our series, a leadless pacemaker was implanted in one S-ICD patient after verification of the need for bradycardia pacing. Similarly, the need for resynchronization therapy was identified during follow-up in 3 patients in the T-ICD group, and an additional procedure was required in order to upgrade the system.

According to the data from the ELECTRa study (19), lead malfunction is becoming a more frequent indication for lead extraction than it was in the past (30). Currently, a class IIa recommendation exists for either lead abandonment or removal, followed by T-ICD reimplantation (4). Extraction avoids the potential long-term risks of abandoned leads and allows magnetic resonance imaging to be performed. Indeed, although growing aggregate of data seems to question this (31), the presence of abandoned leads remains an absolute contraindication for magnetic resonance imaging. Nonetheless, in this series, the strategy of lead abandonment and S-ICD implantation avoided the possible complications associated with the extraction procedure, and appeared to be feasible and safe, with no significant increase in adverse outcomes in patients not requiring pacing. In current clinical practice (15), an S-ICD is preferred in younger patients and in those with a life expectancy longer than 10 years, who will probably survive their ICD leads (10). This may also apply to patients who experience ICD lead malfunction. Indeed, lead malfunction occurs most frequently in younger patients, both because they are more active and because a longer lead-dwelling time results in more prolonged lead stress (32). If the use of the S-ICD therefore appears justified in the event of lead malfunction, when pacing is not required, the actual need to extract malfunctioning leads may remain an open question, also in the light of the positive outcomes reported with the use of S-ICD after transvenous ICD extraction (17). In clinical practice, the risk profile of the patient, the number of leads, the time from the first implant are variables that may guide the management, as well as performing venography and discussing with patient before making a decision (Figure 3).


[image: Figure 3]
FIGURE 3. A 33-year-old woman with a Long QT Syndrome received a single-chamber T-ICD and a dual-coil lead via a persistent left superior vena cava (PLSVC) after a cardiac arrest. A new single-coil ICD lead was added five years later owing to malfunction of the first one, which was abandoned (a). After seven years, the second ICD lead also malfunctioned. Angiography showed complete occlusion of the PLSVC, with a variant venous circulation from an accessory hemiazygos vein. The dual-coil ICD lead (*) and the single-coil lead (#) are visible in (b,c). In this setting, lead extraction was considered to be at very high risk of venous laceration, while implantation of a new lead from the right side was deemed inappropriate because of the patient's young age. Finally, an S-ICD was implanted and both leads were abandoned (d,e). * dual-coil lead # single-coil lead.



Limitations

Our findings might be affected by a bias, owing to the retrospective study design. However, we included all consecutive patients who underwent S-ICD implantation after the abandonment of malfunctioning leads and all patients who underwent extraction and subsequent reimplantation of a single-chamber T-ICD in our analysis. The non-randomized comparison of the study represents an additional limitation. Indeed, a bias could derive from the differences between groups and specifically from factors influencing the operator's decision to extract or abandon a lead. In addition the small cohort size and the limited length of follow-up limit the statistical power and may have concealed differences between the groups. Indeed, a recent long-term analysis from a nationwide cohort study showed that the cumulative risk of interventions on abandoned ICD leads increased from 5.5% after 2.5 years to 15.2% after 10 years of abandonment (22). However our study represents the first experience of SICD implantation after abandonment of malfunctioning transvenous lead it and could pave the way for future larger studies.



Conclusions

Although guidelines indicate the same class of recommendation both for lead abandonment and for removal followed by T-ICD reimplantation in the case of ICD lead malfunction, extraction is usually preferred in order to avoid the potential risks of abandoned leads. Nonetheless, in this study, the strategy of lead abandonment followed by S-ICD implantation proved feasible and safe, with no significant increase in adverse outcomes in patients who did not require pacing. This approach may constitute an option in selected clinical settings (e.g. high risk, failed extractions, etc.) in order to avoid the risks of lead removal. Longer follow-up studies are needed in order to fully understand the potential clinical value of this strategy.
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