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In the 1960s, Mirowski conceived that an implantable cardioverter-defibrillator (ICD) could
prevent sudden, arrhythmic death. Despite criticism, scepticism and ostracismin the
scientific community, Mirowski and Mower first reported ICD implantation in humans in
1980 (1). International guidelines, based on randomized, controlled trials, have since firmly
established indications for primary ICD implantation in patients with left ventricular systolic
dysfunction and heart failure and broader patient populations (2--5). However,
implementation of ICD therapy for primary prevention is still challenging for a series of

reasons and prominent amongst these are low referral rates and financial issues. (2, 4).

In this issue of The European Journal of Heart Failure, Schrage et al. (6) provide a subanalysis
of the SwedeHF registry, undertaken from 2011-2018. They have assessed rates of ICD
implantations according to guideline indications, taking into account the Seattle Proportional
Risk and the Seattle HF Models to predict the proportional SCD and all-cause mortality risks,
respectively. Whilst the cut-offs of left ventricular ejection fraction of 30% and 40% were
used, rather than the generally accepted cut-off <35%, the study is of interest with regard to
the implementation of ICD therapy in the “real world”. Important aspect of this analysis are
the barriers to ICD implantation in patients who satisfy the indications of clinical guidelines.
Essentially, only 15.5% of 13,475 heart failure patients were implanted with an ICD.
Predictors of non-use of ICDs were: follow-up in primary vs. specialty care, a higher
comorbidity burden, older age, female sex and lower socioeconomic status. At 3 years, ICD
use was associated with lower mortality in patients with higher predicted SCD and lower
mortality risk (3-year relative risk reduction of 34% for all-cause mortality and of 37% for
cardiovascular mortality). However, inthese subgroups, underuse of ICD was 81.8%.
Essentially, patients with a predicted high risk of SCD associated with a low all-cause
mortality risk did not receive ICD therapy. As a matter of fact, it appears that estimates on
the expected role of SCD as a determinant of outcome, versus other competing risks of
death, did not substantially influence the complex process of decision making about ICD
implant. In terms of ideal targeting, ICD should be a primary option, without hesitance, in
patients with a predicted high risk of SCD associated with a low absolute mortality risk, but

this option was largely underused in the Swedish registry (6).

The authors should be commended for addressing anissue that is important to ICD
implantation practice worldwide and which is not addressed in clinical guidelines. In this

context, the Atlas published by the European Society of Cardiology (7) showed a wide
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variation in ICD implantation rates across Europe (Figure). Such variations may be due to a
bad perceptions of the cost of ICD therapy, which is a high upfront cost, differently from the
costs of medical therapy, which tend to be spread, or diluted over time (8). We know that,
despite its up-front costs, ICD therapy is cost-effective in appropriately selected patients and
that its economic profile is in line with widely accepted standards for willingness to pay. In

essence it is a sound investment for healthcare systems (2, 4, 8, 9).

As the authors argue, any analysis of ICD and cardiac resynchronization therapy (CRT) with
defibrillation (CRT-D) implant rates has to consider the DANISH trial, in which patients with
non-ischemic cardiomyopathy did not derive a survival benefit from devices with
defibrillator capabilities (10). Despite that the DANISH trial has not influenced clinical

guidelines, it may have influenced ICD and CRT-D implantation rates (11).

Other organizational issues, not all of which are specific to cardiology, may explain
variations in ICD implantation rates (Table). A survey of Swedish physicians in the fields of
cardiology, internal medicine, and family medicine identified substantial awareness gaps
with regard to evidence-based indications for ICD implantation (12). Such gaps may account
for the low referral rates to specialized centres, where heart failure units and
electrophysiologists work hand-in-hand. The increased use of telemedicine that we saw
during the COVID-19 pandemic may improve contacts between referring clinicians and
specialist centres (13). Increased access to specialist units through telemedicine may be

useful the training and support required to ensure a more uniform access to ICD therapy,.

The decision as to whether to implant a ICD in a patient with heart failure and reduced
ejection fraction is not easy. Whilst guidelines are invaluable, a decision on an individual
patient may be influenced by age, sex, frailty, as well as patient beliefs and concerns (Table)
(3, 5, 10), none of which is addressed in guidelines. The lower use of ICDs in women
observed in Sweden appears unjustified, particularly as women appear to have a better
outcome than men, in terms of lower risk of appropriate shocks and death, in case of ICD

implant (6).

The past two decades has seen an improved armamentarium of pharmacological treatments
for heart failure (14). Whilst some authorities have taken the position that drugs and
devices are alternative treatments, the greatest clinical benefitis seenin patients who are
treated with both pharmacological and device therapy (15, 16). We should consider that

delays in delivering device therapy may lead to SCD, even after optimal medical therapy (15).
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In summary, Schrage et al. (6) highlight the importance of a detailed assessment of patients
who satisfy the guidelines criteria for ICD implantation. Their findings highlight the need to
collect data on actual implementation and associated outcomes for patients implanted with

ICDs and CRT-D in routine clinical practice (17-19).

Whilst under-use of ICDs in elderly patients and those with significant co-morbidities is
understandable, underuse in women and patients with a lower socio-economic status does

not seem justifiable.

In the field of ICD therapy, all we can hope for is that patients do not succumb to a SCD
before dying from another cause (competing risks). A multidisciplinary approach geared
towards individual patient characterisation is crucial for targeting ICD therapy to the right
patients (5, 8). The balance between the competing risks of SCD and all-cause mortality

needs to be addressed at an individual, personalised level.
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Table. Barriers that may limita full implementation of ICD therapy in primary prevention, as a

strategy for improving patient survivalthrough areduction of SCD. Legend: CRT-P: cardiac

resinchronization therapy with a pacemaker; ICD=implantable cardioverter-defibrillator; LV: left

ventricular; SCD: sudden cardiacdeath.

Barriers at the level of eligible patients

Inertiain the presence of stable cardiac conditions

Difficultyin understandingtheriskof SCD in the absence of previous events (primary prevention)
Concerns on quality of lifeinrelationship with inappropriate shocks

Concernson device/leads reliabilityat longterm (knowledge of prior device/lead recalls)
Concerns aboutthe restrictions for drivinglicence

Uncertaintyabout the net benefit of ICD therapy

Psychological problems

Depression

Cultural barriers

Barriers at the level of referring physicians

Lack of confidence on riskstratification for SCD

Difficultyin understandingthe risk of ventricular tachyarrhythmiasin the absence of previous events (primary prevention)
Underestimation oftheriskof SCD in patients with heart failure with reduced LV ejection fraction

Clinical inertia related to patient clinical stability despite depressed LV ejection fraction

Concernsabout the translation of clinical trial results to patients in daily real-world practice interms of net benefit
Therapeutic nihilism

Limited organization of pathways for referral to specialized centresfor ICD implant and for shared decision-making

Concerns on patient quality of life in relationship with inappropriate shocks

Concerns on device/leads reliabilityat longterm (knowledge of prior device/lead recalls)

Difficulties in assessing the risk of non-cardiovascular death due to comorbidities and age andthe riskof non-sudden
cardiovasculardeath

Difficulties in predicting life expectancy, particularlyinthe elderly

Need forvalidation of betterand more specific tools for risk-stratification and patient selection for ICD
Delayinreferralof potential candidates to ICDimplant related to extension ofthe time for pharmacologicaltherapy
optimization (waiting forimprovementin LV ejection fraction)

Lack of knowledge/confidence on guidelines for ICDimplantation

Lack of confidence onthe benefit of ICD therapyinnon-ischemic cardiomyopathy
Preference forimplant ofa CRT-P device, that mayreduce SCD through LV reverseremodeling
Lack of interest onthe potential impact of remote monitoring on patient management

Personal biases

Barriers at the level of regulators/payers/health care system

Relativelylow level of priorityfor SCD prevention as a major goal
High upfront cost of ICD therapy with delayed benefits
Silo-budgetingfor health care resources with competition among different non-pharmacological treatments

Concerns aboutthe methods for riskstratification and selection of candidatesfor 1CD therapy (resultingin high number of
potentially eligible patients)

Concerns about potential selection as candidates to ICD therapy of elderly patients with multiple comorbidities, with
expected marginalbenefit or no benefit
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Figure. Implant rates (per million inhabitants) and number of centres implanting ICDs across
Europe, according to data reported inthe ESC Atlas (7). Legend: Number of ICD implants

per million people from Denmark, Bulgaria, Ireland and Cyprus were not available. ICD=

implantable cardioverter-defibrillator

450 -0
425 -5
400 re
-BS
375 [, =
350 L E
2 s s &
2 tr B
& 300 Les 5
;= re
E 280 tss 2
g 25 ts @
£ 2w Las g
B 175 rd o
Eim fas 3
0 ET
O 125 m
" m ras 8§
o
s F15 g
50 &
5 05
o - |
& & W
& & 5
W of qﬁ‘f éfé\ s 6"’ Y <>~“‘@
o
S
o¥ d-‘?’
o
450 10
425 | -85
400 | re
as | rE5 L
-8 R
350 |
@ -r.s?r-
e | Ly &
2 s | 653
E_, 275 | L g g
E 290 | Fss 3
E 225 r5 5
£ 2 r4s o
2 175 P4 B
E 1m0 r3s3
] 125 -d =
54 . —zs;
b2 g
75 b IS:—
50
25 -us
; = 0
& &
_‘{} @g}Q \Q
*‘?0 @5& e§<§ o+ cs" 2 = *‘B 4" N
d-* Q& @b
& qﬁ@
ICD implants per milion people M Hospitals implanting ICDs per million people

This article is protected by copyright. All rights reserved.



References

1.

Mirowski M, Reid PR, Mower MM, Watkins L, Gott VL, Schauble JF, Langer A, Heilman
MS, Kolenik SA, Fischell RE, Weisfeldt ML. Termination of malignant ventricular
arrhythmias with animplanted automatic defibrillator in human beings. N Engl J
Med. 1980 Aug 7;303(6):322-4. doi: 10.1056/NEJM198008073030607. PMID:
6991948.

Boriani G, Biffi M, Martignani C, Camanini C, Grigioni F, Rapezzi C, Branzi A.
Cardioverter-defibrillators after MADIT-1I: the balance between weight of evidence
and treatment costs. Eur J Heart Fail. 2003 Aug;5(4):419-25. doi: 10.1016/s1388-
9842(03)00099-0. PMID: 12921802.

Goldenberg I, Huang DT, Nielsen JC. The role of implantable cardioverter-
defibrillators and sudden cardiac death prevention: indications, device selection, and
outcome. Eur Heart J. 2020 Jun 1;41(21):2003-2011. doi: 10.1093/eurheartj/ehz788.
PMID: 31713598.

Boriani G, Biffi M, Martignani C, Diemberger |, Valzania C, Bertini M, Branzi A.
Expenditure and value for money: the challenge of implantable cardioverter
defibrillators. QJM. 2009 May;102(5):349-56. doi: 10.1093/gjmed/hcp025. Epub 2009
Mar 10. PMID: 19276209.

Hess PL, Matlock DD, Al-Khatib SM. Decision-making regarding primary prevention
implantable cardioverter-defibrillators among older adults. Clin Cardiol. 2020
Feb;43(2):187-195. doi: 10.1002/clc.23315. Epub 2019 Dec 23. PMID: 31867773;
PMCID: PMC7021655.

Schrage B, Lund LH, Benson L, Dahlstrom U, Shadman R, Linde C, Braunschweig F,
Levy WC, Savarese G. Predictors of primary prevention implantable cardioverter-
defibrillator use in heart failure with reduced ejection fraction: impact of the
predicted risk of sudden cardiac death and all-cause mortality. Eur J Heart Fail. 2022
May 3. doi: 10.1002/ejhf.2530. Epub ahead of print. PMID: 35502681.

Timmis A, Vardas P, Townsend N, Torbica A, Katus H, De Smedt D, Gale CP, Maggioni
AP, Petersen SE, Huculeci R, Kazakiewicz D, de Benito Rubio V, Ignatiuk B, Raisi-
Estabragh Z, Pawlak A, Karagiannidis E, Treskes R, Gaita D, Beltrame JF, McConnachie
A, Bardinet |, Graham |, Flather M, Elliott P, Mossialos EA, Weidinger F, Achenbach S;
Atlas Writing Group, European Society of Cardiology. European Society of Cardiology:
cardiovascular disease statistics 2021. Eur Heart J. 2022 Feb 22;43(8):716-799. doi:
10.1093/eurheartj/ehab892. Erratum in: Eur Heart J. 2022 Feb 04;: PMID: 35016208.

Boriani G, Maniadakis N, Auricchio A, Miller-Riemenschneider F, Fattore G, Leyva F,
Mantovani L, Siebert M, Willich SN, Vardas P, Kirchhof P. Health technology
assessmentininterventional electrophysiology and device therapy: a position paper
of the European Heart Rhythm Association. Eur Heart J. 2013 Jul;34(25):1869-74. doi:
10.1093/eurheartj/eht031. Epub 2013 Feb 7. PMID: 23391583.

Cowie MR, Marshall D, Drummond M, Ferko N, Maschio M, Ekman M, de Roy L,
Heidbuchel H, Verboven Y, Braunschweig F, Linde C, Boriani G. Lifetime cost-
effectiveness of prophylactic implantation of a cardioverter defibrillator in patients
with reduced left ventricular systolic function: results of Markov modelling in a
European population. Europace. 2009 Jun;11(6):716-26. doi:
10.1093/europace/eup068. Epub 2009 Apr 9. PMID: 19359333.

This article is protected by copyright. All rights reserved.



10.

11.

12.

13.

14.

15.

16.

17.

Boriani G, Malavasi VL. Extending survival by reducing sudden death with implantable
cardioverter-defibrillators: a challenging clinical issue in non-ischaemic and ischaemic
cardiomyopathies. Eur J Heart Fail. 2018 Mar;20(3):420-426. doi: 10.1002/ejhf.1080.
Epub 2017 Nov 21. PMID: 29164794.

Boriani G, Imberti JF, Bonini N, Vitolo M. Cardiac resynchronization therapy:
variations across Europe in implant rates and types of implanted devices. J Cardiovasc
Med (Hagerstown). 2021 Feb 1;22(2):90-93. doi: 10.2459/JCM.0000000000001109.
PMID: 32925392

Hlbinette C, Lund LH, Gadler F, Stahlberg M. Awareness of indications for device
therapy among a broad range of physicians: a survey study. Europace. 2014
Nov;16(11):1580-6. doi: 10.1093/europace/eut416. Epub 2014 Jan 22. PMID:
24451291.

Maines M, Palmisano P, Del Greco M, Melissano D, De Bonis S, Baccillieri S, Zanotto
G, D'Onofrio A, Ricci RP, De Ponti R, Boriani G. Impact of COVID-19 Pandemic on
Remote Monitoring of Cardiac Implantable Electronic Devices in Italy: Results of a
Survey Promoted by AIAC (Italian Association of Arrhythmology and Cardiac Pacing). )
Clin Med. 2021 Sep 10;10(18):4086. doi: 10.3390/jcm10184086. PMID: 34575197,
PMCID: PMC8469719.

Rosano GMC, Moura B, Metra M, Bohm M, Bauersachs J, Ben Gal T, Adamopoulos S,
Abdelhamid M, Bistola V, Celutkiené J, Chioncel O, Farmakis D, Ferrari R, Filippatos G,
Hill L, Jankowska EA, Jaarsma T, Jhund P, Lainscak M, Lopatin Y, Lund LH, Milicic D,
Mullens W, Pinto F, Ponikowski P, Savarese G, Thum T, Volterrani M, Anker SD,
Seferovic PM, Coats AJS. Patient profiling in heart failure for tailoring medical
therapy. A consensus document of the Heart Failure Association of the European
Society of Cardiology. Eur J Heart Fail. 2021 Jun;23(6):872-881. doi:
10.1002/ejhf.2206. Epub 2021 May 20. PMID: 33932268.

Boriani G, De Ponti R, Guerra F, Palmisano P, Zanotto G, D'Onofrio A, Ricci RP. Sinergy
between drugs and devices in the fight against sudden cardiac death and heart
failure. Eur J Prev Cardiol. 2021 Mar 23;28(1):110-123. doi: 10.1093/eurjpc/zwaa015.
PMID: 33624080

Mullens W, Auricchio A, Martens P, Witte K, Cowie MR, DelgadoV, Dickstein K, Linde
C, Vernooy K, Leyva F, Bauersachs J, Israel CW, Lund LH, Donal E, Boriani G, Jaarsma
T, Berruezo A, Traykov V, Yousef Z, Kalarus Z, Cosedis Nielsen J, Steffel J, Vardas P,
Coats A, Seferovic P, Edvardsen T, Heidbuchel H, Ruschitzka F, Leclercq C. Optimized
implementation of cardiac resynchronization therapy: a call for action for referral and
optimization of care: A joint position statement from the Heart Failure Association
(HFA), European Heart Rhythm Association (EHRA), and European Association of
Cardiovascular Imaging (EACVI) of the European Society of Cardiology. Eur J Heart
Fail. 2020 Dec;22(12):2349-2369. doi: 10.1002/ejhf.2046. PMID: 33136300

Boriani G, Berti E, Belotti LM, Biffi M, De Palma R, Malavasi VL, Bottoni N, Rossi L, De
Maria E, Mantovan R, Zardini M, Casali E, Marconi M, Bandini A, Tomasi C, Boggian G,
Barbato G, Toselli T, Zennaro M, Sassone B; RERAI (Registry of Emilia Romagna on
Arrhythmia Interventions) Investigators. Cardiac device therapy in patients with left
ventricular dysfunction and heart failure: 'real-world' data on long-term outcomes
(mortality, hospitalizations, days alive and out of hospital). Eur J Heart Fail. 2016
Jun;18(6):693-702. doi: 10.1002/ejhf.509. Epub 2016 Apr 6. PMID: 27060289.

This article is protected by copyright. All rights reserved.



18.

19.

Leyva F, Zegard A, Okafor O, de Bono J, McNulty D, Ahmed A, Marshall H, Ray D, Qiu
T. Survival after cardiac resynchronization therapy: results from 50 084
implantations. Europace. 2019 May 1;21(5):754-762. doi: 10.1093/europace/euy267.
PMID: 30590500; PMCID: PMC6479423.

Barra S, Providéncia R, Narayanan K, Boveda S, Duehmke R, Garcia R, Leyva F, Roger
V, Jouven X, Agarwal S, Levy WC, Marijon E. Time trends in sudden cardiac death risk
in heart failure patients with cardiac resynchronization therapy: a systematic review.
Eur Heart J. 2020 Jun 1;41(21):1976-1986. doi: 10.1093/eurheartj/ehz773. PMID:
31750896.

This article is protected by copyright. All rights reserved.





