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Abstract

Background: Use of implantable cardioverter defibrillators is increasingly common. As patients approach the end of life, it is
appropriate to deactivate the shock function.

Aim: To assess the prevalence of implantable cardioverter defibrillator reprogramming to deactivate the shock function at the end of
life and the prevalence of advance directives among this population.

Design: Following a previously established protocol available in PROSPERO, we performed a narrative synthesis of our findings and
used the logit transformation method to perform our quantitative synthesis.

Data sources: We searched seven bibliographic databases (Embase, Cochrane Central register of controlled Trials, Medline-Ovid,
Web-of-Science, Scopus, Psychinfo, and CINAHL) and additional sources until April 2019.

Results: Of the references we identified, 14 were included. We found a pooled prevalence of implantable cardioverter defibrillator
reprogramming at the end of life of 28% (95% confidence interval, 22%-36%) with higher reprogramming rates after the
recommendations for managing the device at the end of life were published. Among patients with advance directives, the pooled
prevalence of advance directives that explicitly mentioned the device was 1% (95% confidence interval, 1%—3%).

Conclusions: The prevalence of implantable cardioverter defibrillator reprogramming and advance directives that explicitly
mentioned the device was very low. Study data suggested reprogramming decisions were made very late, after the patient
experienced multiple shocks. Patient suffering could be ameliorated if physicians and other healthcare professionals adhere to
clinical guidelines for the good management of the device at the end of life and include deactivating the shock function in the
discussion that leads to the advance directive.
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What is already known about the topic?

Although implantable cardioverter defibrillator is a successful therapy, all patients eventually progress to the end-of-life
phase.

In patients with a progressive and marked decline, the shock function of the implantable cardioverter defibrillator no
longer prolongs life and may instead cause them and their families unnecessary distress.

Expert consensus statements and several guidelines recommend discussing deactivating the implantable cardioverter
defibrillator shock function with patients who are nearing the end of their lives.

What this paper adds?

In these meta-analyses, including data from six different developed countries, we found a low device-reprogramming
rate and a very low rate of advance directives explicitly mentioning the device.

This study shows an improvement in the rates of implantable cardioverter defibrillator reprogramming at the end of life,
after the publication of a consensus statement as the ones from the Heart Rhythm Society and the European Heart
Rhythm Association.

Implications for practice and policy

We highlight the importance of more physicians and other health professionals adhering to clinical guidelines in discuss-
ing with the patient their preferences regarding the management of the implantable cardioverter defibrillator at the end
of life and in documenting them.

Healthcare directors could facilitate the compliance with the guidelines by organizing training for physicians to initiate
discussions on device reprogramming, as well as by organizing informative talks for patients and their families to inform
them about end-of-life device management options and encourage them to take the initiative to discuss this with their

treating physicians.

Introduction

Both the incidence and prevalence of heart failure are
growing as the population ages and risk factors
increase.! Implantable cardioverter defibrillator has
become the standard of care for both primary and sec-
ondary prevention of sudden cardiac death in selected
patients.23 With the expansion of the indications for its
use, the number of patients with prolonged survival
increased.*

Although implantable cardioverter defibrillator is a
successful therapy, all patients eventually progress to
the end-of-life phase. If the health of a patient with an
irreversible condition is deteriorating, the device’s
shock function no longer prolongs life and may instead
cause them and their families unnecessary distress.”
Patients who have a recognizable end-of-life phase,
with marked progressive decline, may need to reap-
praise their treatment goals. A discussion should be ini-
tiated with these patients so that they and their health
providers can decide on the treatments that best meet
the patient’s goals of alleviating symptoms and prevent-
ing suffering. The discussion should cover the repro-
gramming of the implantable cardioverter defibrillator
to deactivate the shock function, as mentioned in the
Heart Rhythm Society (HRS) and the European Heart
Rhythm Association (EHRA) recommendations for

managing implantable cardioverter defibrillator at the
end of life, published in 2010.8° Note that the term
implantable cardioverter defibrillator “deactivation” is
a misnomer since besides shocks, the device has other
functions such as pacemaker capacity and antitachy-
cardia pacing should be kept active and helps control-
ling symptoms.1® Therefore, the term implantable
cardioverter defibrillation reprogramming will be used
thorough the manuscript.

Discussing implantable cardioverter defibrillator repro-
gramming during a patient’s end-of-life phase is a Class |
recommendation in the 2017 AHA/ACC/HRS guideline for
Management of Patients with Ventricular Arrhythmias
and the Prevention of Sudden Cardiac Death.? The result
of these discussions is often indicated in a written docu-
ment called an advance directive, which specifies the pro-
cedures and actions required or allowable when a patient
is incapacitated or no longer able to communicate.
Although implantable cardioverter defibrillator manage-
ment should be discussed and explicitly mentioned in the
advance directive, we do not yet know if advance direc-
tives change end-of-life outcomes for patients with the
device.

We thus conducted a comprehensive and systematic
appraisal of the literature on managing implantable car-
dioverter defibrillator at the end of life, with the goals of
(1) assessing the prevalence of implantable cardioverter
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defibrillator reprogramming to deactivate its shock func-
tion at the end of a patient’s life, (2) determining the prev-
alence of advance directives among patients with
implantable cardioverter defibrillator, and (3) evaluating
the role advance directive plays in implantable cardio-
verter defibrillator reprogramming at the end of a
patient’s life. Finally, we set out to critically appraise limi-
tations and gaps in the literature.

Methods

Literature search

Our systematic review followed the Joanna Briggs Institute
Guide for conducting a systematic review of incidence and
prevalence and was reported following the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline;1112 the protocol was regis-
tered in PROSPERO (code CRD42019131219).

We searched for formal, peer-reviewed scientific litera-
ture on studies published before April 20, 2019 (date of
last search), in seven electronic databases (Embase,
Cochrane Central register of controlled Trials, Medline
(Ovid) Web of Science, Scopus, Psychinfo, and CINAHL).
We built our search construct for each database in consul-
tation with an experienced medical information specialist.
We combined terms related to the exposure (implantable
defibrillators, intracardiac defibrillator, implantable cardi-
overter defibrillator) and the outcomes (deactivation,
withholding treatment, turnoff, advance directive). We
did not apply language or date restrictions.

To identify informal sources and gray literature, we
searched Google Scholar and screened the first 200 hits.
To identify more sources, we inspected the reference lists
of studies that qualified for a full-text evaluation (back-
ward searching). We performed a forward search by
searching these titles in Google Scholar with the “cited
by” function. We continued this procedure until it
returned no new results.

Study selection and inclusion criteria

A pair of persons screened all titles and abstracts and then
conducted full-text reviews to evaluate potentially rele-
vant articles. Reviewers resolved disagreements through
discussion. In the case of no consensus between the
reviewers, a third reviewer was available to solve any
disagreement.

We included prospective and retrospective observa-
tional studies (cross-sectional, case-control, or cohort)
and randomized and nonrandomized interventional stud-
ies of adults (= 18 years old), if the studies assessed the
prevalence of implantable cardioverter defibrillator repro-
gramming at the end of life or assessed prevalence of
advance directives among patients with the device.

Data extraction

We used a predesigned data collection form to extract
data on study design, characteristics of the study popula-
tion, and sample size. We extracted each outcome
assessed, and the corresponding measure of associations
(e.g. prevalence of implantable cardioverter defibrillator
reprogramming, prevalence of advance directives, preva-
lence of shocks at the end of life, and place of death).

Assessing the risk of bias

Two reviewers independently rated the quality of studies,
based on the Joanna Briggs Institute Critical Appraisal
tools used for the JBI Systematic Reviews Checklist for
Prevalence Studies.3

Data synthesis

We performed a narrative synthesis of findings of included
studies and a quantitative synthesis using random-effects
models to minimize the effect of between-study hetero-
geneity. We used STATA release 15 (Stata Corp, College
Station, Texas) for all statistical analyses. We used the logit
transformation method to combine proportions, using
the command metaprop_one to fit the generalized linear
mixed model (GLMM) with the option logit,** and we
assessed heterogeneity using tau-square and the esti-
mated prediction intervals as proposed by Higgins 2009,
adding the rfdist option.1> Prediction intervals help, as the
name says, to predict the true effect in a new study. The
narrower these intervals are, the more homogeneous the
results. Therefore, the prediction intervals relate the true
estimate, in this case, the true prevalence, with the het-
erogeneity, in this case, measured by tau-square. To deal
with high heterogeneity, we performed subgroup analysis
based on variables that could have caused the heteroge-
neity, such as publication year when the outcome was
prevalence of device reprogramming or information
source when the outcome was prevalence of advance
directives. To assess if those variables were indeed a
source of heterogeneity, we compared how the prediction
intervals changed, expecting them to become narrower in
the case of source of heterogeneity.

Results

Relevant studies

After deduplication, we identified 2422 potentially rele-
vant citations. We screened titles and abstracts and
selected the full texts of 34 articles to evaluate in detail.
After full-text assessment, we excluded 20 papers (see
Figure 1). We included 14 articles in the systematic review,
11 of which were included in the meta-analysis.
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Figure 1. PRISMA 2009 flow diagram.
DNR: do-not-resuscitate; AD: advance directive.

General characteristics of the included
studies

Detailed characteristics of the 14 included studies are sum-
marized in Table 1, eight of which were retrospective cohorts,
two were prospective cohorts, two had a cross-sectional
design, one was a case-control study, and one was a noncon-
trolled intervention study. Participants totaled 2745 (range
26-701), 21% of whom were women. Eight studies included
participants from the United States, two from Sweden, one
from Canada, one from Ireland, one from England, and
one from the Netherlands. Two studies included only
patients who died in a hospital setting; the others did not
distinguish between patients by place of death.

Of the 14 included studies, two assessed both preva-
lence of implantable cardioverter defibrillator reprogram-
ming and prevalence of advance directives, eight assessed
only prevalence of implantable cardioverter defibrillator

reprogramming, and four assessed only prevalence of
advance directives.

Supplemental Table 1 shows the risk-of-bias assess-
ment for each study.

Main outcomes

Prevalence of implantable cardioverter defibrillator
reprogramming (shock function deactivation). Ten
studies reported prevalence of implantable cardio-
verter defibrillator reprogramming at the end of life;
we included seven in the quantitative synthesis of the
results (Figure 2). We explain why we excluded three
studies in Supplemental Table 2.

Studies included in the quantitative synthesis. The
pooled prevalence of implantable cardioverter defibril-
lator reprogramming at end of life was 28% (95% ClI:



Gonzalez-Jaramillo et al.

(apnunuo))

‘y1eap aJojaq y T 1e ,uo, pawwesdoid Adesayl yooys
pey [11s JapJo YN e yum syusied ay) Jo % TS ‘siy1 211dsaq 19pJo YNQ

e pey sjuaned ay} Jo (%zS) ey ueyl aloy “palp juaiied ay3 a1ojaq y 1Joyod 'le1w
¢ pawwesdoudas IA3P Y3 pey Gz ‘@Dl Yyum syualied GZT 9y Suowy (%0¢) ‘szt/st X scr=u 6F VL ‘TT  9Ads0IRY [Yeplaisam
(%T) ‘s8/T :@2I
'av ayi ur @dl sy pauonusw ay3 Buissalppe
Ajjeayyinads juaned auo AjuQ uonejue|dwi 21049q sQy PaINJaXe (%8t) av ‘(%.s) 1oyoo 7Z'lew
T Y2IYM JO ‘SpJ0dad |BOIpaW J19Y3 Ul sQV pey (%.S) syuaned anly-Aysi3 ‘0ST/S8 :aV X X 0ST=U (S6-T€E) 6L ‘€€ annoadsosay Jayeyyong
‘yreap jo Aep ay3 pawweidosdas
sem Q2| ay3 ‘syuaned unoy Suluiewsal ayy uj ‘syuanied TT J0j }aam ise|
9y ul pawuwesdoidas sem gD| 9yl ‘@591 JO'(%ST) ST Ul pawuoyiad sem 10yod Z'lew
Sujwwelgoudas @) “Apnis aya Bulinp paip oym sjuaiied g6 ay) Suowy (%ST) ‘86/ST X 86=u 6F 69 LT  9A1I3ds0.1Y 1zesays
*341] Jo pua s uaned ay3 e SuiwweaSoadas @) 40 J| Y1 pauoiuBW (%9°T)
sQy om1 AjuQ "uonejuejdwi Iayye (%8) OT pue ‘Uonnejueidwi aiojpq  ‘£ZT/Z *AD1AY)
SYIUOW 9 UIyIM ‘(%T€) 6€ ‘Uoieue|dw 510434 SYIUOW ZT UIYUM ‘(%SE) Suissappe qv
¥ ‘uonelue|dwi @J| 940499 SYuow ¢T ueyl aJow pairs|dwod auam (%0¢€)
(%59) sQv €8 ‘@say1 Suowy "Qy ue pey /T ‘siudned Ozi 3Y31 40 In0 ‘Ocv/LeT :av X X
‘pawwesSoidal 221nap 3Y3 pey
uaAas ‘¢T Sululewal ayy Suowy (%89 ‘0€ = u) syuaned asoys Jo ysow
10} JuswaSeuew D] d4|-JO-PUS SUIWISISP 01 3|GBUN SI9M SISYIIBISDI 140402 o 2k ]
3y ‘palp pey siualed yi ‘U0I3I3]|0d BIEP BY3 JO JUBWOW 3y} Ag vy/L X 0Zy=u /[T F €967  9A0adsouiay 1nofej)
(%) ‘ovT/€ :QdI
*ddl 419y} 4oy ued e papn|pul pey s303[qns ay3 Jo 234y AjuQ (%2T ‘79 Y3 Sulssalppe Qv
=U) Yy10q 10 ‘(%€ ‘L = u) a1eayyeay Joj Asuionie jo samod e (%97 ‘1L (9%09) o R E]
= U) ||1m SUIAl| B JBYLD ‘QV 4O W04 dWoOs pey s393[gns ay3 4O Jjey-auQ ‘8Lz/ovT Qv X X 8.7 =U (06—6T) T9 ‘0€ |€UOI}I3S-SSOID LR 1Y
*33noe sem }l ¢ dnoJo ay3 Ul sealaym
‘UOI3IPUOD J1UOJYD B 0} NP AjuoWWOI dJow aJam T dnodo ul yieap
JO s3sne) "yieap Jo asned pue ‘gd| 104 uoledlpul ‘xas ‘@8e Jo swudy
ul pasedwod a1am sdnousd ylog ‘(g dnouo) jou pip € pue (T dnouo) sr'|e 19
peap a4042q pawwesgoidal 221Aap 3y} pey Qg ‘siuaned €9 ay3 o IO (%z€) ‘€9/0T X €9=U Ol FTL'6T |0J43u02 3se) SIMaT
"@D1 3Y3 Buljqesip 4o} saduaJaa.d paledlpul (%0) s€/0:a2l
‘s1ayoaeasal ay3} Agq payse uaym ‘s30a[gns GE ay3 JO GT ‘194 "ADI 40 asn ay3 Buissaippe Qv RaLEE)
33 passaJppe wayl Jo auoN 's123[gns s¢ Aq parsjdwod sem ay uy  (%T9) ‘£S/SE :av X X /G =U (98-0%) 7L ‘8T |BUOI}I95-5504D) 128199
'S9SeD TZ Ul DI 9Yy) weuSoudas 01 papidap aAlle|a4 40 jualied ay3 ‘asayl
10 "S9Sed £ Ul pa4indd0o g)| ay3 Suiwweigoadas Inoge suoissnasip 1Joyod S EE)
1eU3 pa10dal ASAINS BY3 Ul PIPN[IUL B43M OYM U} 4O 1XaU Q0T dYL (%T2) ‘00T/1¢ X 00T=U (I6-6¥)9/ ‘LT  9A1D3ds0J1dY  uIRISP|OD
@l ay3 8uissalppe adl yum Suiwwessosdau
Apondxe gy siuaned Suowe ajnlijo
(e8e3uadi3d J0 32Us|EASld QY O ddUsjBASId 30UdjeARId uopeayjqnd
ul @dudjenaud) azis «o8e Jo Jealk
s)nsay ‘uoniodoud awono uie|\ 3djdwes ‘Usawom Jo % usisap Apnis ‘oyiny

"M3IA3J 211BWISAS 9Y3 Ul papN|oul S3IPNIS 3y} 4O S}NSaJ pue solisiialdeleyd olydesSowaq T djqel



Palliative Medicine 00(0)

*(Y0I) UBIPAW SE JO UOIIBIASP PJEPUEB)S FF UBSW SE PIIUSSAUdy
"J01e|[|lIq1YIp J91ISA0IP.IED dqeiue|dwl :gD| ‘DAIIIRIIP SIUBADPE :QY

'%€G Aq paseasoul

Sulwwesdoidal ay1 ‘0T Ul uonedlignd ayl JaNY "SjUSWIL]S dY] Ja1je
pue 240499 SulwwesSoidas gJ| Jo aduajeaasd ay3 pajediisanul sioyine
9yl ‘0T0Z u! paysijgnd a1am 91| Jo pua Sulieau syuanied ul dJ| aya

(%2s)
‘TST/0ET 10T
ul {(%v€) ‘68/0€

62’11
10Y0d |Yepiarsam

40 Juswadeuew syl YS1IYSiy pue ssauppe 0} SJUSWSILIS SNSUSSUOD :0T0C 340499 X TvE=u 6F €LLT  9A303dsoslny yauny
‘pawwesdoidas 921Aap ay) pey sualied ayy (%t€) ‘v8T/L6
40 %0¢€ ‘@3esane uQ *(%y) siualied 9/T Jo €/ ‘9TOT PUe ETOC Uaamiaq ‘0T0T 123YY
pue (%) 80T 40 ¢ ‘TTOT Pue OTOT Udam1aq ‘pawweldoldal "(%971) ‘96/ST Hoyod sc'l® 19
921A3P Y3 pey (%9T) swuaiied 96 40 ST ‘600Z PUe L00T UddaMIag :0T0C 940429 X 08€=U (€/-8S)/9‘CT  9ADads0.1aY  Jee|anla0ls
*(syuaned
10 %S ul Suiwweloidal) pawwesdoidas 3d21Asp ay) pey £ ‘|endsoy
9y3 ul palp oym sjualied €T 40 N0 ‘9107 A|nf pue Aleniga4 usamiag
'SIy} op 03 moy uo paysijgnd sem aping |eJ0| B pue 31| JO PUd 3Y} 18
@Dl 4o uswaseuew ay3 Suissndsip 40 ddueliodwl 3y} JO WdY3 puiwal
01 |eaidsoy ay3 Jo |[uuosiad yijeay Joj pa1dnpuod aiam sudiedwed Apnis
Jeuoneanpa ‘910z Atenuer uj *(Suiwwesdoidal o %0) SuiwwesSoidal UOI3UdAIRIUL Z1ew
walowald 3noyum paip spuaned €T ‘STOZ Ul ‘Duldseq 1y X 97 =U paquIsap JON PaziWopueluoN pieaer
‘jujod awiy Aue je pajuawnoop
Qv ue pey oym sgd| yum siuaied g4z ul Suiynsal queidwi gd|
J9)e JeaA T ueyl auow pajusawnIop sqy pey siualied [euonippe 6/
'0Dl 3y passalppe ¥9T/T :adI
Ajleaiy10ads Qv 9yl ‘9T a3 Jo Ino ased auo Ajuo u| yueidwi gl Jaye ayl Suissaippe v
JeaA 7 03 dnjulod Aue 1e gy ue pey 9T ‘@50y3 4O "uonejue|dwi (%S€) 140402 o R ]
90IA3P JaYje JedA T 1sed| 1e U0} PAaMO||04 d1am sjudlied TOL ‘ToL/evz :av X X T0L=U ST ¥T19Wp anpadsold  ueyIBN
‘AjlaAn0adsal
‘%86 PUE %88 0} PASEAIIU| SAWOIINO dAIIR|INWND 3say} ‘porsad dn
-MO[|0} YIuow 8T 9Y3 40 954N0J 3y} JAAQ "Axoud 24edy3|eay e palinuapl
peyY %8 pue |[Im 3uiAl| e pa1ajdwod pey siuaiied Jo %/ 79 ‘@ullaseq 1y X
*$yo0ys 3|di}nw paAIadal
Suiney uaye Ajuo Inq ‘pawwesdosdal sg)| 418yl pey ||e pue ain|ie}
1ieay anissaldoud jo palp syualied uno4 "yieap o3 Jold Aj1eipawwi
sAep ay3 ul SY20Ys gD| PAAI2IJ AL} PUB ‘UMOUNUN AJ2JIIUS 3JaM 14oyod '8 19
s9ouelISWNIUID Ssjuained om] “palp syualied aulu ‘dn-mojjo4 Apnis Suing LS X TIS=u 8 F TL'ST 9A1303dsoud Jaweuy|
*UOISSNISIP 341|-40-puUd Ue SuIMo||0} 140yod
way3 4o ||e ‘pawweltgosdal @d| 418y3 pey 9T ‘syudned yi 9Yi 40 INO (%9¢€) ‘v¥/91 X vr=u QT FELPT  9A3dS0NBY ;1€ I3 IIH
@l ay3 8uissalppe a2l yum SuiwwesSosdau
Apondxe gy siuaned Suowe anli jo
(98e3uad12d 40 32UB|EASld QY O ddU3BASId 3ou3jenald uonedyignd
ul @duajenaud) azis «o8e Jo Jealk
s)nsay ‘uoniodoud awono uie|\ 3djdwes ‘Usawom Jo % usisap Apnis ‘qoyiny

(@pnunuo)d) ‘1 ajqeL



Gonzalez-Jaramillo et al.

Study Proportion
(95% Cl)
Goldstein et al. (2004) — 0.21(0.13, 0.30
Lewis et al. (2006) —_— 0.32(0.21, 0.45,
Sherazi et al. (2013) — 0.15(0.09, 0.24;
Westerdahl et al. (2014) — 0.20 (0.13,0.28

Hill et al. (2015)
Stoevelaar et al. (2019) —— 0.29 (0.25, 0.34;
Westerdahl et al. (2019)

LR test: RE vs FE Model chi*2 = 15.7, p = 0.000) <>

)

)

)

)

——e———— 036(0.22,052)
)

—e— 0.49 (0.43, 0.56)

0.28 (0.22, 0.36)

)

with estimated predictive interval (0.12,0.54

Figure 2. Prevalence of implantable cardioverter defibrillator
reprogramming (shocking function deactivation) at the end
of life. Forest plot of the studies examining the prevalence of
implantable cardioverter defibrillator reprogramming using
random-effects meta-analysis. Data presented as proportion
and 95% confidence interval (Cl, %).

22%—-36%), with a tau-square of 0.14 and an estimated
predictive interval of 12%—54%. Publication of the EHRA
and HRA recommendations explained some of this het-
erogeneity; when we stratified by outcome assessment
date, the estimated predictive interval among studies
conducted before the statement publication narrowed to
13%—-29% (Supplemental Figure 1).

Five studies included patients treated before the rec-
ommendations were published in 2010.16.1821.23.28 They
reported lower reprogramming prevalence (pooled pro-
portion prevalence of 20%, 95% Cl: 16%—25%) than arti-
cles evaluating the outcome after 2010 (pooled
proportion prevalence of 40%, 95% Cl: 32%—49%).24.28:29
Two studies included patients treated both before and
after 2010 and presented the results separately. Kinch
Westerdahl etal.?® conducted a study in 2019 that
included 341 patients from more than 60 hospitals in
Sweden and reported the prevalence of implantable car-
dioverter defibrillator reprogramming at the end of life
among patients who died between 2003 and 2010 (34%)
and the prevalence of reprogramming among patients
who died in 2014 (52%). Stoevelaar et al. conducted a
study that included 380 deceased patients from Dutch
hospitals; the prevalence of reprogramming among
patients who died between 2007 and 2009 was 16% and
the prevalence among those who died between 2010
and 2016 was 34%.28 In both studies, there was a differ-
ence in prevalence of 18% over the time, with higher
rates after the statements publication.

Studies not included in the quantitative synthesis.
Among the three studies that could not be included in the
meta-analysis, one assessed the effectiveness of an insti-
tutional education campaign about device reprogramming

7
AD
addressing Total Proportion

Study thelcD  AD (95% Cl)
Kirkpatrick et al., 2012 3 140 —o—r 0.02(0.00, 0.06)
Tajouri et al., 2012 2 127 —— 0.02(0.00, 0.06)
Buchhalter et al., 2014 1 8 0.01(0.00, 0.06)
Berger etal., 2016 0 35

Merchant et al., 2017 1
LR test RE vs FE Model chi*2=0.0,p=.) <>

164 ————

(

(

(

0.00(0.00, 0.10)

0.01(0.00, 0.03)

0.01(0.01, 0.03)
(

with estimated predictive interval 0.00, 0.04)

Figure 3. Prevalence of advance directives (AD) explicitly
addressing the implantable cardioverter defibrillator. Forest
plot of the studies examining the prevalence of advance
directives that addressed the implantable cardioverter
defibrillator using random-effects meta-analysis. Data
presented as proportions and 95% confidence interval (Cl, %).

at the end of life and showed that, after the campaign, out
of the 13 patients who died, seven had the device repro-
grammed.?’ The remaining two studies had a sample size
of less than 15 patients for the analysis, due to missing
data or because, being a prospective study, most of the
patients were still alive.20.2>

Prevalence of advance directives among patients with
implantable  cardioverter  defibrillator. Six  studies
assessed prevalence of advance directives in patients with
implantable cardioverter defibrillator. Advance directives
included living wills and personal representatives for
medical decision-making.

The pooled prevalence was 53% (95% Cl: 37%—68%),
with a tau-square of 0.58 and an estimated predictive
interval of 10%—-92% (Supplemental Figure 2).

The presence or absence of advance directives across
the studies was assessed in two ways: studies used inter-
views/self-assessment questionnaires or extracted the
information from clinical charts. Due to this difference in
the information source, the prevalence of advance direc-
tives ranged from 30% to 84%, which explains the broad
predictive interval of the pooled estimate. Studies that
relied on interviews or self-assessment questionnaires (n
= 3) reported higher rates of advance directives than stud-
ies that extracted this information from clinical charts (n =
3) (Supplemental Figure 3).

The minimum prevalence of advance directives across
the studies was 30%, but the prevalence of advance direc-
tives that specifically addressed the implantable cardio-
verter defibrillator was much lower. Five studies reported
that implantable cardioverter defibrillator was rarely
explicitly discussed; pooled prevalence was 1% (95% Cl:
1%—3%), with a tau-square < 0.001 and an estimated pre-
dictive interval from 0% to 4% (Figure 3).20.17.19.22.26 The
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study by Kirkpatrick et al. had the highest prevalence of
advance directives that directly addressed the implanta-
ble cardioverter defibrillator: advance directives preva-
lence was 50.4% (140/278 patients had one), but only
2.1% (3/140) of advance directives addressed the implant-
able cardioverter defibrillator.?

Influence of the presence of advance directives on implant-
able cardioverter defibrillator reprogramming. Just one
study reported an association between advance direc-
tives and implantable cardioverter defibrillator repro-
gramming at the end of life, concluding that patients who
had advance directives were no more likely to have had
their devices reprogrammed.2 In this study, data about
implantable cardioverter defibrillator reprogramming
were missing in 68% of patients (30/44) who died. Since
the finding of no association was derived from the remain-
ing 14 patients, there was not enough evidence on the
role of advance directives on implantable cardioverter
defibrillator reprogramming at the end of life.

Additional outcomes

Prevalence of delivered shocks at the end of life. Five of
the studies we included reported prevalence of shocks at
the end of life in addition to the main outcomes we
defined. Because “end of life” is not a well-defined period,
reports on outcomes were so heterogeneous that we
could not quantitatively pool prevalence of shocks. Some
studies reported prevalence in the last 3 months,82! oth-
ers in the last month,16182128 |ast week,2! last days/
day,?328 or last minutes.!® Prevalence of shocks in the last
months of life ranged from 7% to 27%.

Discussion
Main findings

We found that nearly three out of four patients died with
a fully active device, half of the patients with an implant-
able cardioverter had an advance directive, and few of
them had an advance directive that specifically addressed
device activity at the end of life; the pooled prevalence
estimate was only 1%.

Since the 2010 publication of the EHRA and the HRA
statements, others have also recommended discussing
implantable cardioverter defibrillator reprogramming
in patients nearing the end of life.230 Although proto-
cols now guide physicians and healthcare providers
through the deactivation process step by step,3132 our
review found only a 28% pooled prevalence of implant-
able cardioverter defibrillator reprogramming at the
end of life. Across studies, prevalence ranged from 15%
to 52%, and almost all of the device reprogramming
happened in a hospital setting, with fewer in hospices
and nursing homes, and very few in patients at home.

Our pool estimate is low, given the results of studies
that have assessed patients’ desire for reprogram-
ming.173334 In one of these studies, the authors
included patients who were not yet at the end of life
and told them about the potential benefits and bur-
dens of an active shock function. Then, the authors
presented to them hypothetical common scenarios
such as incurable disease and permanent inability to
get out of bed; 71% of participants wanted the implant-
able cardioverter defibrillator reprogrammed in at least
one of these scenarios.33

Between 0% and 0.01% of patients with implantable
cardioverter defibrillator had an advance directive that
explicitly addressed the device. In the subgroup of
implantable cardioverter defibrillator patients that had
any form of advance directive, the pooled prevalence of
advance directives that explicitly addressed device activ-
ity at the end of life was 1%. This is very low for any cut-
off of percentage indicating a satisfactory use of advance
directive and indicates that the advance directive, which
was created to increase patients’ autonomy and ensure
medical management that aligns with their preferences,
is an underused legal document. Berger et al. showed
that only 35/57 patients with implantable cardioverter
defibrillator had an advance directive and none of them
addressed or discussed modifying the activity of the
device. However, when they interviewed the patients,
15 of that 35 reported that they wanted the device
reprogrammed at the end of life.’” In this small sample,
15 patients could have suffered shocks against their will
at the end of their life; an unwanted outcome that could
have been prevented through discussion.

Strengths and limitations

The quality of studies included in this review, assessed by
the risk of bias, was compromised mainly by the lack of
confidence intervals when reporting prevalence (in all the
studies) and insufficient sample size (in 9 out of the 14
studies), suggesting they were underpowered to correctly
estimate prevalence. However, since the meta-analysis
allowed us to increase power by increasing the sample
size, we think our study is not similarly limited. Regarding
the statistical analysis, although all studies failed to report
confidence intervals, the statistical methods employed
were adequate.

As a limitation for the external validity of our study,
the hospitals most likely to investigate the prevalence of
advance directive and the prevalence of implantable
cardioverter defibrillator reprogramming may be those
most likely to have implemented them in everyday prac-
tice. However, many hospitals and care settings do not
implement this proceeding into their routine. Even
among the institutions that care for people near death,
such as hospices, a few have clear policies on implanta-
ble cardioverter defibrillator management. A study of
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100 randomly selected hospices among the 3750 in the
United States found that only 10% had a reprogramming
policy.3® Thus, the real prevalence of advance directives
that specifically addresses implantable cardioverter
defibrillator, and the prevalence of implantable cardio-
verter defibrillator reprogramming at the end of life,
might be much lower than our results suggest.

Finally, certain study designs may not be the most
appropriate to assess the outcomes included in this
review. For our first aim, to assess the prevalence of
implantable cardioverter defibrillator reprogramming at
the end of life, a prospective design could be appropriate
as long as it includes only patients with short life expec-
tancy orin whom a progressive decline has been detected.
Otherwise, the follow-up needed to evaluate the outcome
would be too long, with the risk of high loss of follow-ups
or not obtaining the expected number of events. Such
was the case in the study conducted by Kramer et al.,?* in
which, at the end of the follow-up, only nine patients had
died. Similarly, institutional studies assessing the effec-
tiveness of an intervention in a short period are not ade-
quate as the sample size tends to be very small and the
reported estimate would correspond to a specific inter-
vention rather than a prevalence derived from routine
clinical practice.?’

The main strength of our study is that ours was the first
to summarize and critically assess the prevalence of the
implantable cardioverter defibrillator reprogramming at
the end of life. On the other hand, without claiming to
demonstrate or infer causality, the study showed an
improvement in the prevalence of the device reprogram-
ming at the end of life after the publication of the HRS and
the EHRA statements in 2010. In addition, we both quali-
tatively and quantitatively summarized the prevalence of
advance directives among patients with implantable car-
dioverter defibrillator, and the prevalence of advance
directives that explicitly addressed the device.

Implications and recommendations

This study shows the underuse of implantable cardio-
verter defibrillator reprogramming and the underuse of
documents that record patients’ preferences for end-of-
life device management as are the advance directives.
Although the rates of deactivation have been higher fol-
lowing the publication of the statements, they continue to
be low. Thus, guidelines alone are not sufficient to bring
about a change in practice. It is therefore important to
design institutional strategies involving both health per-
sonnel and patients with their families. These strategies
should focus on informing patients with implantable car-
dioverter defibrillator and their families about the conse-
quences of dying with an active shock function and
encouraging them to discuss this with their treating physi-
cian. In addition, healthcare personnel should be trained

to discuss this with patients and to know how to proceed
if the patients desire the device reprogramming.

Furthermore, clinicians must also consider the timing
to reprogram the cardioverter defibrillator, as some evi-
dence suggest that the decision to reprogram the device
may have been triggered by the patients’ experience of
multiple shocks over the preceding weeks.?!

As a gap, women were underrepresented in these
studies (21% of included patients). National registries
show that women are less likely to receive implantable
cardioverter defibrillator than men (e.g. 15% in France
and 21% in Australia).336 Registry data from 11 European
countries found women made up only 23% of the patients
with implantable cardioverter defibrillator.3” Women are
also underrepresented in trials for prevention of sudden
cardiac death with the device, including MADIT Il (15%)
and SCD-HeFT (23%).383° |t is necessary to increase the
participation rate of women in both clinical trials and car-
diovascular interventions in order to achieve gender bal-
ance in outcome assessment and medical care.*°

Conclusion

Although expert consensus statements and several guide-
lines recommend discussing deactivating the device shock
function with patients who are nearing the end of their
lives, and studies that have assessed patients’ preferences
have shown that most patients would prefer the shock func-
tion deactivation,333* we found that nearly 75% of patients
die with a fully active device. This reveals a gap both
between guidelines and clinical practice and between
patients’ preferences and the reality of their last days of life.

If more physicians and other healthcare profession-
als adhered to the clinical guidelines for discussing with
the patient their preferences for managing the device,
including recommending and establishing advance
directives, fewer patients and families would suffer the
stress and distress of repeated and futile shocks in the
last weeks of their lives.” Healthcare directors could
facilitate the compliance with the guidelines by organ-
izing training for physicians to initiate discussions on
device reprogramming, as well as by organizing inform-
ative talks for patients and their families to inform them
about end-of-life device management options and
encourage them to take the initiative to discuss this
with their treating physicians.
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