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Abstract

Background—The number of cardiac implantable electronic device (CIED) recalls and
advisories has increased over the past three decades, yet no consensus exists on how to best
manage patients with these CIEDs partially because rates of complications from prophylactic
replacement are unknown.

Objective—To establish rates of complications when recalled CIED generators are replaced
prophylactically

Methods—We searched MEDLINE and Cochrane Controlled Trials Register for reports of
prophylactic replacement of recalled CIED generators. Studies with < 20 subjects were excluded.
We then conducted a meta-analysis of qualifying studies to determine the rates of mortality,
reoperation, and combined major complications.

Results—We identified 7 citations meeting our inclusion criteria and reporting =1 endpoint of
interest. Four were single center; three were multicenter. Six studies collected data retrospectively
(n=1213) and one prospectively (n=222). Using a random effects model to combine data from all
included studies, the rate of major complications was 2.5% (95% CI 1.0-4.5%). Combining data
from 6 studies reporting mortality and reoperation, the rates were 0.5% (95% CI 0.1-0.9%) and
2.5% (95% CI 0.8-4.5%), respectively.

Conclusions—Prophylactic replacement of recalled CIED generators is associated with a low
mortality rate but non-trivial rates of other major complications similar to those reported when
CIED generators are replaced for other reasons. Thus, when considering replacing a recalled CIED
generator, known risks of elective generator replacement likely apply and can be weighed against
risks associated with device failure.
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Introduction

Methods

Cardiac implantable electronic devices (CIEDs) including pacemakers (PM), implantable
cardioverter defibrillators (ICDs), and cardiac resynchronization therapy (CRT) devices, all
have an inherent rate of failure. When an unforeseen failure mechanism or rate of failure is
identified after a device has been approved, the FDA may employ an advisory or recall
typically in cooperation with the device manufacturer. During the last three decades, partly
due to the increasing complexity of CIEDs, there has been an increase in the number and
rate of PM and ICD advisories and recalls.(1,2)

When these device problems cannot be addressed through noninvasive software updates,
providers must consider how to best manage patients with advisory or recalled CIEDs in
situ. Options include intensified monitoring with intervention only if and when there is
evidence of generator malfunction or failure versus prophylactic generator replacement. This
consideration depends on the suspected failure rate and mechanism and potential outcomes
of failure along with patient characteristics and preferences. To date, there is no consensus
on how to best manage patients with recalled generators in situ due, in part, to a paucity of
information about the risk of prophylactic replacement of these generators.

Therefore, we sought to perform a systematic review and meta-analysis of observational
studies to more accurately estimate the risk of complications associated with prophylactic
replacement of CIED generators under FDA advisory or recall.

Search Strategy

Eligibility

Extraction

An expert reference librarian designed and conducted an electronic search strategy with
input from the primary investigator. The initial search was implemented in PubMed
(September, 2014) using a combination of medical subject headings (MeSH) and keywords
to combine the subjects of CIEDs, FDA recall or advisory, and complications from CIED
replacement procedures. After this initial search, terms were translated and a similar search
was employed in the Cochrane Database (Appendix I). The search was limited to English
language. The bibliographies of selected full-length manuscripts were reviewed manually to
identify any additional relevant references not captured in our search.

Any study that systematically reported complications from the prophylactic replacement of
advisory or recalled CIEDs were eligible for inclusion. Studies were excluded if they had
fewer than twenty subjects.

All screening decisions were made and tracked in a DistillerSR database (Evidence Partners
Inc., Manotick, ON, Canada) by two investigators (E.P.Z. and D.P.). Extracted data included
patient characteristics, combined major complications, and mortality. Disagreements were
resolved by consensus. We evaluated the strength of evidence using approaches described
by the Agency for Healthcare Research and Quality (AHRQ) and the Grading of
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Recommendations Assessment, Development and Evaluation (GRADE) working group.
3.4)

The primary endpoint of interest was combined major complications. Other endpoints
included mortality and reoperation/pocket revision.

Overall combined major complications—The endpoint of combined major
complications was defined variably among included studies (Table 1). In some cases, this
represented complications detailed in the manuscript which for the purpose of this paper
were combined by the primary investigator for an overall rate.

Mortality—Death as a complication of generator replacement was defined as occurring
during the operation or in the immediate postoperative period (less than thirty days post
procedure)

Reoperation/Pocket Revision—Reoperation and/or pocket revision as a complication
of CIED generator change was defined as any complication leading to an unexpected
reoperation or revision of the pocket. In some cases a definition was not explicitly provided.
In other cases, this endpoint represented complications that clearly resulted in reoperation
and/or pocket revision which for the purpose of this analysis were combined by the
investigators. These included but were not limited to: bleeding into the CIED header
requiring revision, hematoma, system malfunction, pocket infection requiring extraction,
lead damage requiring revision, and site pain requiring reoperation.

Data Analysis

Results

Most meta-analyses are calculated using standard meta-analysis software such as the
Comprehensive Meta Analysis program.(5) However these programs use normal
approximations which are not appropriate for very small counts. Many of the counts in the
studies included in our analyses are either 0 or 1. This problem was discussed by Hasselblad
et al.(6) For the particular endpoints in this study, it is important to base the calculations on
the binomial distribution because that is the distribution of the individuals study rates.

The calculation of a fixed effects estimate for a series of independent binomial distributions
is estimated from the pooled numerators and denominators. The logical random-effects
model is the beta-binomial distribution. (7) This distribution can be fitted to the observed
counts using the FAST*PRO software.(8)

Search Results

Our search identified 142 abstracts which were reviewed for inclusion and exclusion criteria
(Figure 1). Among this group of abstracts, 91 were excluded due to irrelevance to our topic
of interest. The full manuscripts for the remaining 51 studies were retrieved for detailed
review. Following full text review, 44 were excluded as follows: unrelated to recall/advisory
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(n=3), did not report clinical outcomes of interest (18), related only to recall/advisory leads
(8), sample less than 20 subjects (3), editorial/comment/case report only (11), and duplicate
data (1). Seven studies representing 1435 patients remained for inclusion in our meta-
analysis representing 1435 unique patients. Table 2 summarizes results from the 7 studies
that examined at least one of the following complications after prophylactic replacement of a
recalled or advisory CIED generator: overall combined major complications, mortality, and
pocket revision/reoperation.

Baseline Characteristics

Six of the seven included studies reported data collected retrospectively (9-14), and one
reported prospectively collected data (15). Three were multicenter (10,11,13) and four were
single center (9,12,14,15). All but one reported experience within the US only(10), however
in all cases, advisories and recalls were issued by the FDA rather than a local or
international regulator of medical devices. Six of seven studies reported the distribution of
CIED type, and in these studies, more than 90% of CIEDs replaced prophylactically were
ICDs. (9-11,13-15) Cardiac resynchronization devices with or without an ICD represented
only 2% of CIEDs in the six studies reporting device type. Three studies reported a mean
patient age — 64, 67, and 68 years, respectively.(10,14,15) Three of the remaining studies
reported outcomes in adult patients without specifying an actual mean or median age
(9,11,12) whereas Mahajan et al described outcomes in pediatric and patients with
congenital heart disease.(13)

Four studies specifically reported the number of patients who were pacemaker dependent —
26% (n=62), 21% (n=112), 49% (n=28), and 19% (n=41), respectively. (9,10,14,15) In the
case of Gould et al and Moore et al, pacemaker dependency was one qualifying condition
that led to prophylactic replacement. Three studies reported the number of ICD patients with
primary vs secondary prevention devices. (10,14,15) The percentage of primary prevention
ICDs among ICD patients in these three studies were 34, 84, and 67%, respectively. These
same three studies reported the percentage of women included: 23, 29, and 24%,
respectively. No studies, however, reported complications based on the subgroups of
women, pacemaker dependent patients or those with a primary prevention device.

Other patient characteristics including race, comorbidities, measure of heart failure severity,
device indication (primary vs secondary prevention), and health status were reported in
insufficient amount and detail to warrant inclusion in our meta-analysis as potential
modifying factors.

Using the aforementioned guidelines on a scale of poor, fair, good, and excellent, 3 of 7
included studies were judged to be of fair quality(10,14,15); and 4 were poor(9,11-13). The
primary reason that these studies were “good” or worse was the observational design and the
lack of controlling for bias. In all studies, the inclusion and exclusion criteria were applied
uniformly across groups. Moreover, the interventions/exposures in all studies were defined
consistently and reliably. However, in some cases the outcomes and follow up were not well
defined leading to a downgrading of quality.
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Combined Overall Complications

Mortality

All seven studies reported a rate of combined major complications or reported complications
with sufficient detail that complication rates could be added to arrive at a combined total.
Rate of combined major complications ranged from 0.00-6.52% with an overall estimate of
2.60% (95% CI 1.05-4.46%) (Table 3 and Figure 2). There was evidence of significant
heterogeneity (x2=25.340, 6 degrees of freedom, p=0.0003).

Six of the seven included studies reported the rate of death following prophylactic
replacement of CIEDs in response to FDA advisory or recall.(9-11,13-15) In all six studies,
there was a total of 4 deaths representing a rate of death ranging from 0.00 to 2.16%. Using
random effects meta-analysis, the overall point estimate for death rate was 0.47% (95% CI
0.13-0.91%) (Table 3 and Figure 3). There was not significant heterogeneity in this
endpoint (y2=3.4143, 5 degrees of freedom, p=0.6364).

Reoperation/Pocket Revision

The rate of reoperation and/or pocket revision was reported in six of seven studies. The rate
of this complication ranged from 0.00 to 6.15%. The overall estimate was 2.51% (95% CI
0.87-4.53%) (Table 3 and Figure 4). Significant heterogeneity was identified (x2=22.568, 5
degrees of freedom, p=0.0004).

Sensitivity Analysis

As noted above, Mahajan et al described outcomes in pediatric and congenital patients
undergoing CIED generator replacement. (13) While these groups of patients were not
excluded from our meta-analysis a priori, it is conceivable that outcomes in these patients
may be significantly different from an adult, non-congenital heart disease cohort. As such,
we repeated a random effects meta-analysis for the three outcomes above with this study
removed (Table 3). In no instance did the results or heterogeneity measures change
significantly.

Discussion

This meta-analysis has four major findings. First there is only one prospective study
examining prophylactic generator replacement in response to FDA recall and no randomized
controlled trials (RCTs) on this topic. Secondly, rates of other complications are not
insignificant. Thirdly, the rate of death from prophylactic replacement of recalled CIED
generators is low (OR: 0.47%). Finally, and most importantly, the rates of complications
reported in this meta-analysis in the setting of prophylactic replacement of generators in
response to FDA recall, are similar to rates reported when CIED generators are electively
replaced for other reasons.

Among six studies examining mortality, there were 4 deaths reported. Mahajan et al reported
one death “following complications related to device revision”.(13) Hauser et al reported
one death “associated with the prophylactic replacement of a recalled device” and the death
“was caused by short-circuiting during shock delivery.”(11) Lastly, Gould et al, reported
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two deaths—one due to RV perforation and one due to overwhelming sepsis one week
postoperatively despite system extraction. (10) Because of these small numbers, even with
meta-analysis, the confidence interval is quite wide.

While rates of death were very low in this meta-analysis, they should still be seriously
considered when deciding on how to manage recalled devices. This careful approach is
further supported by the non-trivial rates of other complications. We found an overall
combined major complications rate of 2.60%. This complication rate is comparable to the
rate of complications seen when CIED generators are electively replaced for other reasons
(e.g., end of expected battery life). (16—19) For example, a large registry based report of
complications from generator replacement for a variety of indications including device
advisory/recall reported a combined complication rate of 4%.(16) In a different analysis of
the Canadian experience, 2.5% of patients experienced a major complication from generator
replacement. (18)

Critical to the consideration of prophylactic CIED generator replacement in response to
FDA advisory or recall is the expected device failure rate. However, at the time of advisory,
the failure rate is often not definitively known. Part of the reason for this uncertainty is the
imperfect medical device post market safety surveillance system which is known to
underreport device failures. (20) Six of the seven studies in our meta-analysis reported the
manufacturer and/or models that were replaced due to advisory/recall (9,10,12-15), and only
in one case were the number of replacements for each generator model reported. (15) For
those that did report the relevant advisories/recalls, the majority of devices were part of the
Guidant Prizm and Contak Renewal or Medtronic Marquis recalls — both in 2005; a small
number were related to generators manufactured by St. Jude Medical and/or ELA with
recalls in 2005 and 2001, respectively (Table 4). (9,10,12-15) This pattern is reflective of
the recalls implemented during or just prior to the study period represented (2006—-2009).
The average dwell time was reported in four studies (Table 2) and ranged from 1.7 to 3.1
years, and this also reflects the fact that most of the relevant device advisories took place in
2005. (10,11,13,14) Dwell time from advisory/recall to replacement in the included studies
is unknown. Failure rates of these devices based on product performance reports, physician
communications, and other published reports ranged mostly from <0.01% to 0.1% per year;
the ELA Alto ICD had a 2.6% per year risk of failure (Table 4).

Clinical Implications

Given the rising number of generator recalls, physicians increasingly face more difficult
decisions on how to best manage patients with recalled generators in situ. This decision is
made even more difficult by a paucity of existing literature on this topic. Our analysis shows
that prophylactic generator replacement in response to FDA advisory or recall has a low
mortality rate and a similar rate of major complications to generator replacement procedures
performed electively for other reasons such as battery depletion. However, the management
decision for patients with a recalled generator in situ should be individualized based on
patient characteristics, patient preferences, operator/site experience, and the expected rate of
device failure. For example, the weighing of procedural complication risks changes when
concomitant lead revision is planned or when the risk of device malfunction is high as in the
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case of pacing dependency or a secondary prevention ICD. Fortunately, software that are
downloaded to devices to enhance early detection of failures or to mitigate the adverse
effects of potential failures are becoming more wide-spread.

Limitations

Our meta-analysis has some limitations. Although not mentioned by the included studies, we
cannot completely rule out that generator revisions also included lead related procedures.
The addition of a lead procedure would likely inflate the complication rate. (16) There are
other characteristics of the procedure and the patients which are unknown and may impact
complications including, for example, the number of previous CIED-related procedures or
comorbid conditions (e.g., diabetes). (19,21,22) Studies included in our analysis were from
2006-2009. Generator change in response to these recalls may or may not be representative
of modern or future CIED generator recalls. This is highlighted by the fact that only a very
small percentage of CIEDs in our analysis were CRTs and CRT generator replacements
have been associated with greater risk of complications. (16) Event rates in our analysis
were small with many incidences of 0 or 1 in individual studies which makes our point
estimates somewhat imprecise. Lastly, there was evidence of significant heterogeneity. This
is not surprising since the included studies were mostly retrospective observational studies
with varying sample sizes, locations, definitions of complications, and length of follow up.

Conclusion

In summary, through meta-analysis of relevant studies of prophylactic replacement of
advisory or recalled CIED generators, we found that the rate of complications is not
insignificant. The rate of non-fatal complications in this setting does not appear to be
meaningfully different from the rate of complications when CIED generators are electively
replaced for other reasons. As such, when considering prophylactic CIED generator
replacement in response to an advisory or recall, providers should consider patient
characteristics, patient preferences, and device characteristics including mechanism of
failure and remaining battery life in the context of an expectation for a low rate of
procedural complications, as well as the presence of software that could lead to early
detection of failure or that could mitigate the potential effects of a failure. Future prospective
studies are needed to more clearly delineate the risks associated with prophylactic
replacement of modern advisory or recalled CIED generators.
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Glossary of Abbreviations

CIED cardiac implantable electronic device
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. Search Strategy

Keywords: advisory OR recall, pacemaker, implantable cardioverter defibrillator OR ICD,
cardiac resynchronization therapy OR CRT, complication, replacement, FDA.

PubMed:
Set# | Terms
#1 “Defibrillators, Implantable”[MeSH] OR “ICD”[tiab] OR “implantable cardioverter defibrillator”[tiab] OR

“Pacemaker, Artificial’[MeSH] OR “pacemaker” OR “Cardiac Resynchronization Therapy Devices”[MeSH]
OR “CRT”[tiab] OR *“cardiac resynchronization therapy”[tiab]

#2 “Medical Device Recalls”[MeSH] OR “Safety-Based Medical Device Withdrawals”[MeSH] OR “advisory”
[tiab] OR “recall”[tiab] OR FDA[tiab]
#3 “Intraoperative Complications” [MeSH] OR “Postoperative Complications”[MeSH] OR “complication” [tiab]

OR “complications” [tiab] OR “Mortality” [MeSH] OR “mortality” [tiab] or “death” [tiab] OR “infection”
[MeSH] OR “infection” [tiab] OR “Hemorrhage” [MeSH] OR “hemorrhage” [tiab] OR “bleeding” [tiab] OR
“bleed” [tiab] OR “Hematoma” [MeSH] OR “hematoma” [tiab] OR “Reoperation” [MeSH] OR “reoperation”
[tiab] OR “pocket revision” [tiab] OR ((“Reoperation” [MeSH] OR “reoperation” [tiab] OR “pocket revision”
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PubMed:

Set #

Terms

[tiab]) AND (“Anxiety” [MeSH] OR “Stress, Psychological” [MeSH] OR “anxiety” OR “emotional” [tiab] OR
“stress” [tiab]))

#4 #1 AND #2 AND #3
Limits: English
Cochrane:
Set# | Terms
#1 MeSH descriptor: [Defibrillators, Implantable] explode all trees
#2 MeSH descriptor: [Pacemaker, Artificial] explode all trees
#3 #1 or #2 or (ICD):ti,ab,kw or (implantable defibrillator):ti,ab,kw or (pacemaker):ti,ab,kw

Limit: Cochrane Reviews
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Clinical Perspectives

While the rate and number of CIED generator advisories and recalls has increased over
the past three decades, the rate of complications from replacing these devices is largely
unknown. In this meta-analysis of seven reports of prophylactic replacement of advisory
or recalled CIED generators, we report the rate of mortality and complications associated
with prophylactic replacement. Mortality occurred in 4 of 1273 (0.3%) patients.
Reoperation or pocket revision occurred at a higher rate of 2.51%, and overall
complications occurred at a rate of 2.60%. These complication rates are similar to those
that occur in the setting of elective CIED generator replacement for other reasons. Thus,
providers can incorporate these findings into a discussion with patients about
prophylactic replacement of an advisory or recalled CIED generator.
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Potentially eligible studies
N=142

Excluded through abstract
screening; not relevant
n=91

Studies retrieved for detailed
inclusion/exclusion review
n=51

Studies included
n=7

Figure 1.
QUOROM diagram

Excluded through full text review n=44:

- Unrelated to recall/advisory (3)

- Did not report clinical outcomes of interest
(18)

- Related to recall/advisory leads only (8)

- Sample <20 (3)

- Editorial/comment/case report only (11)

- Duplicated data (1)

Heart Rhythm. Author manuscript; available in PMC 2016 July 01.

Page 12



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zeitler et al. Page 13

Combined Major Complications

Costea 2008
Moore 2009 k

Mahajan 2008 ' L |

Amin 2008

Gould 2006 I L

Hauser 2006 k

Kapa 2007 k \ 4 !
Overall ——
nos nos 1% 3% 5% 7% 9% 11%

Figure 2.
Combined Major Complications
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Figure 3.
Mortality
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Figure4.
Reoperation/Pocket Revision
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Author, Year

Definition

Moore, 2009(14)

Death + any complication requiring reoperation (infection, bleeding/hematoma, system malfunction)

Amin, 2008(9)

Death + any complication associated with device replacement

Mabhajan, 2008(23)

Death + any complication associated with reoperation

Costea, 2008(15)

Death + any complication requiring reoperation (bleeding/hematoma, lead damage, device “protrusion”) + stroke

Kapa, 2007(12)

Any complication requiring intervention or reoperation up to 60 days post procedure

Hauser, 2006(11)

Death

Gould, 2006(24)

Death + any complication requiring reoperation (infection, bleeding, system malfunction, pain)
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Table 4
Summary of major device advisories, failure mechanisms, and yearly failure rates relevant to meta-analyzed
studies
Date of Risk of
M anufactur er/Device Advisory Failure mechanism failure, %/
(month/year) year (10,12)
Medtronic Marquis 2/05 Accelerated battery depletion 0.01
Guidant Ventak Prizm 2 DR ICD 6/05 Short circuit caused by wire insulation problem 0.1
Guidant Ventak Prizm AVT, Vitality AVT, and 6/05 Random memory error limiting delivery of therapies 0.0095
Contak Renewal AVT ICDs
Guidant Contak Renewal 3, 4, Renewal 3, 4 6/05 Magnetic switch faulty impairing delivery of 0.009
AVT, and Renewal RF ICDs therapies
St Jude Photon DR, Photon Micro VR/DR, and 10/05 Memory chip affected by atmospheric radiation, 0.167
Atlas VR/DR ICDs impairs pacing & therapy delivery
ELA Alto ICD 8/01 Migration of metal impairing pacing and delivery of 0.1-2.6
therapies
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