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Adherence to optimal ICD programming: an unresolved issue

La adherencia a una programación óptima del DAI: una asignatura pendiente
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Implantable cardioverter-defibrillators (ICDs) have been dem-

onstrated to improve survival in patients with or at risk of

malignant ventricular arrhythmias and represent the standard of

care for their treatment.1 These devices work by delivering

antitachycardia pacing (ATP) and/or shocks. Shocks are associated

with increased mortality, hospital admission for heart failure, and

impaired quality of life.2 Therefore, after ICD implantation, optimal

programming is essential, the main aim being to reduce unneces-

sary or inappropriate therapies.

Optimized ICD programming has been much studied since

the 1990s. Several studies have contributed to fine-tuning

ATP programming and the use of criteria and algorithms for

discriminating supraventricular tachycardias. These have resulted

in, respectively, a reduction in appropriate shocks and inappropri-

ate ICD therapies.

Four large, randomized studies (EMPIRIC3, MADIT-RIT4, AD-

VANCE III5, and PROVIDE6) and 2 prospective observational studies

(PREPARE7 and RELEVANT8) have demonstrated that long-interval

and/or high-rate detection programming reduce the number of

therapies, both appropriate and inappropriate. The use of high-rate

detection (over 200 bpm) was even associated with a reduction in

mortality.4 A meta-analysis of these studies showed that such

programming strategies achieved a 30% reduction in all-cause

mortality, comparedwith conventional programming, attributable

essentially to a reduction in inappropriate shocks.9 They mostly

included patients who had received an ICD as primary prevention.

Only the ADVANCE III study included secondary prevention

implants and demonstrated an overall reduction in appropriate

and inappropriate therapies. In it, they used prolonged detection

(30 of 40 intervals), a detection window over 188 bpm, and ATP

before or during capacitor charging. The importance of these

results led to the publication, in 2015, of a consensus document on

optimal ICD programming from the arrhythmia scientific societies

Heart Rhythm Society, European Heart Rhythm Association, Asia

Pacific Heart Rhythm Society and Latin American Heart Rhythm

Society (previously SOALECE).10

Despite all the scientific evidence, very little information is

available on the safety and effectiveness of optimal programming

in real-world clinical practice. Likewise, the adoption of such

programming, the factors that determine it, and how adherence to

it could be improved have all been the subject of study. In the field

of pharmacological treatment of heart failure, a significant delay

(of many years, even) has been observed between the scientific

evidence generated and clinical practice.11 Both aspects are of

great practical interest: first, we need to know if the results

obtained in clinical trials are reproducible in real-world clinical

practice, and second, there is little point in having good results in

trials if the evidence generated is not adopted. Determining which

factors lead to greater adoption could improve this.

Large-scale observational registries and the studies derived

from them can help answer these questions. In addition, remote

monitoring of patients with ICDs gives detailed, up-to-date

information on device programming, the incidence of arrhythmias,

and ICD therapies and their effectiveness, making it a very useful tool

for conducting clinical studies. A good example of this is the SCOOP

platform (Scientific COOperation Platform) which, until 2016, used

the database from the remote monitoring system CareLink

(Medtronic, Spain), along with clinical variables obtained from

clinical practice. This platform allowed the generation of clinical

evidence in the field of implantable cardiac devices, through efficient

scientific collaboration. Participating investigators were allowed

access to these data for scientific purposes, following agreed

procedures for application, evaluation, and responsibility for the

analysis. Within SCOOP, the UMBRELLA study was conducted: an

observational multicenter Spanish study whose main objective was

to analyze the incidence of arrythmias in the populationwith ICD and

describe the prognosis for arrhythmias and mortality.12

In a recently-published article in Revista Española de Cardiologı́a,

Loughlin et al. present a study derived from this platform in which

they analyzed, using a retrospective observational design, the

adherence to a programming strategy as described in ADVANCE III,

the predictors of such adherence, and its effect on the incidence of
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therapies comparedwith conventional programming.13 Changes in

the adoption of ADVANCE III-style programmingwere evaluated in

relation to the publication of that study (May 2013), the

implementation of a training campaign for the manufacturer’s

technicians who provide assistance with implantation (January

2015), and the publication of the aforementioned consensus

document10 (November 2015).

The study included 3528 patients. Over the whole study period,

ADVANCE III programming was used in 20.3% of these patients,

reaching 44% at the end. Adoption of this programming in real-

world clinical practice was limited and slow, despite the evidence

of clinical benefit. It increased mainly after the publication of the

study (3.8% per trimester, with mean adherence of 31.8%) and, to a

lesser degree, after the training campaign (2.2% increase and

adherence of 62.6%) and the publication of the consensus

document (2.5% and 45.2%, respectively). The predictors of

adherence were implantation of an ICD with nominal ADVANCE

III programming, implantation by an electrophysiologist, and use

as secondary prevention, while implantation of a dual-chamber or

cardiac-resynchronization therapy ICD was associated with lower

adoption of this programming. Regarding the effect on incidence of

therapies, the ADVANCE III programming strategy was associated

with an overall reduction of 23% (34% for inappropriate shocks, 21%

for appropriate ATP, and 46% for inappropriate ATP), with no

difference in appropriate shocks.

We must congratulate the authors as this is the first study that

provides data from real-world clinical practice on the effectiveness

of ADVANCE III programming, and also for the originality of the

analysis of predictors of adoption of this programming. These

congratulations should be extended to the SCOOP and UMBRELLA

investigators for the multiple published studies generated. These

have provided useful information for improving ATP programming

and reducing shocks, such as the use of multiple ATP sequences or

one ATP sequence before and during charging for the treatment of

rapid ventricular arrhytmias.14

The study by Loughlin et al. is not free from limitations, most of

which are inherent to its retrospective design. First, it analyzed the

adoption of ADVANCE III programming at the first ICD implanta-

tion or exchange, but it did not assess changes in programming

during follow-up. Another limitation, which may have influenced

the incidence of shocks, is that the authors did not analyze the

types of ATP therapies used in each study group. In addition, it is

unknown if some patients received programmingmore akin to the

MADIT-RIT study,4 particularly rate detection over 200 bpm,which

could have reduced adherence to ADVANCE III programming. The

time elapsed between publication of the expert consensus

document and the end of patient inclusion in the UMBRELLA

study (5 months) was very short to evaluate its effect on adopting

the recommendations. Last, it does not provide information on the

effect on clinical outcomes, such as the incidence of syncope during

therapies, hospital admissions, mortality, and quality of life.

IS THE EVIDENCE FROM CLINICAL TRIALS ON OPTIMIZATION OF

ICD PROGRAMMING REPRODUCIBLE IN CLINICAL PRACTICE?

In addition to Loughlin et al., other authors have analyzed the

degree of adherence and speed of uptake of programming strategies

with demonstrated benefit in clinical trials. All have in common that

they show a slow, limited uptake, albeit progressive and more

marked in the year after the study was published.15–17 The

publication of the consensus document and the training campaigns

for the technicians that assist with implantation had little effect in

the short- to mid-term. Varma et al. analyzed the adoption of

programs used in the MADIT-RIT study4 or recommended in the

expert consensus in a cohort of patients with ICD undergoing

remote follow-up on the platform Latitude (Boston Scientific, USA).

Adherence increased mainly in the year after publication of the

study (12.6%), but the subsequent increase was small (< 6% in the

following 5 years).17 Ananwattanasuk et al. observed that only a

third of the population studied had an ICD programmed in linewith

the recommendations in the expert document.16

DO WE INCORPORATE THE EVIDENCE INTO OUR CLINICAL

PRACTICE?

Determining the predictors of adoption of optimal program-

ming may help to drive measures to improve adherence. This was

one of the most original and interesting take-away messages from

the work by Loughlin et al., who found such predictors to be the

inclusion of programming evidence as nominal parameters in the

devices, implantation by electrophysiologists, and use as second-

ary prevention.13 In the study by Varma et al., the predictors were

younger age, female sex, and follow-up in a tertiary or university

hospital.17 Implantation by an electrophysiologist and the

availability of a heart failure unit were predictors of adoption of

the ICD indications from the IMPROVE HF study.18 These

nonclinical predictors, which were the same in several studies,

could reflect differences in training, access to clinical guidelines

and consensus documents, as well as the availability of instru-

ments to ensure the recommended care for all patients, and they

should be taken into account when planning care for patients who

are candidates for ICD.

CAN WE IMPROVE ADHERENCE TO OPTIMAL PROGRAMMING?

To improve health outcomes, we need not only research and

scientific output, but also the incorporation of scientific evidence

into clinical practice. In the field we are concerned with, the

consequences of inaction could be serious, given the clinical

implications of ICD shocks.
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As has been seen before, passive promotion of the evidence,

such as the publication of clinical trials or clinical guidelines is not

very effective at improving adherence,13,15–17 supporting the need

for active promotion.

One of the active strategies, as Loughlin et al. showed, is for

manufacturers to incorporate the evidence from large clinical

trials and the consensus recommendations into the nominal

programming settings on the ICD.13 Some companies have

followed this policy for years and the rest should adopt this

practice. This measure would affect first implantations and

exchanges, although it would not solve the need for programming

adjustments as new evidence is included in the knowledge base.

Varma et al. observed a reprogramming rate during clinical

follow-up of < 2%, which suggests that programming optimiza-

tion is not considered a priority for patientswhohavenot received

ICD therapies.17

Other strategies should be based on providing feedback to

physicians about adherence to the recommendations for optimal

programming, both at implantation and at patient follow-up. The

implementation of campaigns aimed at training and raising

awareness in the technicians who assist with implantation

increases adherence, albeit modestly.13 Direct feedback to

physicians has been shown to be more useful. In the Shock-Less

study, this strategy achieved a 20% increase, which translated to a

28% reduction in all shocks.19 Last, the data from remote

monitoring of devices can also identify deviations from optimal

programming leading to reprogramming. This requires active

periodical review by the clinic staff who perform remote follow-up,

although the manufacturers could facilitate this process as part of

their service.

We must ask ourselves how strict we should be when applying

the evidence on optimal ICD detection programming. Each of the

large studies on this subject was performed with devices made by

different companies, with different sensing and detection modes.

Thogersen et al. reported thatmost patients who did not receive an

appropriate shock for an episode of ventricular fibrillation had an

ICD that had been programmed according to the extrapolation of

evidence obtained from studies performed with ICDs from other

companies.20 This finding highlights the need for studies that

evaluate the risks and benefits of applying detection parameters

based on evidence from a study performed with an ICD from one

manufacturer to another. Thus, although the consensus document

provides general recommendations on programming, and for some

ICDs these are extrapolations from evidence obtained with devices

from othermanufacturers, it is recommended to program each ICD

in accordance with the evidence of demonstrated benefit in ICDs

from the same manufacturer.

In conclusion, for a greater potential benefit from ICD

implantation, we need not only the correct indication, but also

optimal programming. In light of the studies that show that

optimal ICD programming reduces shocks as well as mortality in

real clinical practice, we need greater adherence to optimal

programming. For this, we need active measures and research

aimed at demonstrating their usefulness.
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Ritmo Cardiaco de la Sociedad Española de Cardiologı́a. Rev Esp Cardiol.
2020;73:1026–10372. ;
Poole JE, Johnson GW, Hellkamp AS, et al. Prognostic importance of defibrillator
shocks in patients with heart failure. N Engl J Med. 2008;359:1009–1017.

3. Wilkoff BL, OusdigianKT, Sterns LD, et al. A comparison of empiric to physician-tailored
programming of implantablecardioverter-defibrillators: results from the prospective
randomized multicenter EMPIRIC trial. J Am Coll Cardiol. 2006;48:330–339.

4. Moss AJ, Schuger C, Beck CA, et al. MADIT-RIT Investigators. Reduction in inappro-
priate therapy and mortality through ICD programming. N Engl J Med. 2012;367:
2275-2228.

5. Gasparini M, Proclemer A, Klersy C, et al. Effect of long-detection interval vs
standard-detection interval for implantable cardioverter-defibrillators on antita-
chycardia pacing and shock delivery: the ADVANCE III randomized clinical trial.
JAMA. 2013;309:1903–1911.

6. Saeed M, Hannah I, Robotis D, et al. Programming implantable cardioverter
defibrillators in patients with primary prevention indication to prolong time to
first shock: results from the PROVIDE study. J Cardiovasc Electrophysiol. 2014;25:
52–59.

7. Wilkoff BL, Williamson BD, Stern RS, et al. Strategic programming of detection and
therapy parameters in implantablecardioverter-defibrillators reduces shocks in
primary prevention patients: results from the PREPARE (Primary Prevention
Parameters Evaluation) study. J Am Coll Cardiol. 2008;52:541–550.

8. Gasparini M, Menozzi C, Proclemer A, et al. A simplified biventricular defibrillator
with fixed long detection intervals reduces implantable cardioverter defibrillator
(ICD) interventions and heart failure hospitalizations in patients with non-ischae-
mic cardiomyopathy implanted for primary prevention: the RELEVANT [Role of
long dEtection window programming in patients with LEft VentriculAr dysfunc-
tion, Non-ischemic eTiology in primary prevention treated with a biventricular
ICD] study. Eur Heart J. 2009;30:2758–2767.

9. Tan VH, Wilton SB, Kuriachan V, et al. Impact of programming strategies aimed at
reducing nonessential implantable cardioverter defibrillator therapies on mortali-
ty: a systematic review and meta-analysis. Circ Arrhythm Electrophysiol. 2014;7:
164–170.

10. Wilkoff BL, Fauchier L, Stiles MK, et al. 2015 HRS/EHRA/APHRS/SOLAECE expert
consensus statement on optimal implantable cardioverter-defibrillator program-
ming and testing. Heart Rhythm. 2016;13:e50–e86.

11. Majumdar SR, McAlister FA, Soumerai SB. Synergy between publication and
promotion: comparing adoption of new evidence in Canada and the United States.
Am J Med. 2003;115:467–472.

12. Fontenla A, Martı́nez-Ferrer JB, Alzueta. et al. Incidence of arrhythmias in a large
cohort of patients with current implantable cardioverter-defibrillators in Spain:
results from the UMBRELLA Registry. Europace. 2016;18:1726–1734.

13. Loughlin G, Datino T, Arenal A, et al. Predictors of adoption and impact of evidence-
based programming on the incidence of implantable cardioverter-defibrillator
therapies. Rev Esp Cardiol. 2021;74:296–302.

14. Dallaglio PD, Anguera I, Martı́nez Ferrer JB, et al. Shock reduction with antitachy-
cardia pacing before and during charging for fast ventricular tachycardias in
patients with implantable defibrillators. Rev Esp Cardiol. 2018;71:709–717.

15. Piccini JP, Sanders P, Shah R, et al. Impact of tachyarrhythmia detection rate and
time from detection to shock on outcomes in nationwide US practice. Am J Cardiol.
2017;120:1325–1331.

R. Peinado Peinado / Rev Esp Cardiol. 2021;74(4):286–289288

http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0105
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0105
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0105
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0105
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0110
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0110
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0110
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0115
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0115
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0115
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0120
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0120
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0120
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0125
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0125
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0125
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0125
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0130
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0130
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0130
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0130
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0135
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0135
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0135
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0135
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0140
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0140
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0140
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0140
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0140
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0140
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0140
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0145
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0145
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0145
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0145
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0150
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0150
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0150
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0155
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0155
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0155
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0160
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0160
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0160
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0165
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0165
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0165
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0170
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0170
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0170
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0175
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0175
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0175


16. Ananwattanasuk T, Tanawuttiwat T, Chokesuwattanaskul R, et al. Programming
implantable cardioverter-defibrillator in primary prevention: guideline concor-
dance and outcomes. Heart Rhythm. 2020;17:1101–1106.

17. VarmaN, Jones P,Wold N, et al. Howwell do results from randomized clinical trials
and/or recommendations for implantable cardioverter- defibrillator programming
diffuse into clinical practice? Translation assessed in a national cohort of patients
with implantable cardioverter-defibrillators (ALTITUDE). J Am Heart Assoc.
2019;8:e007392.

18. Mehra MR, Yancy CW, Albert NM, et al. Evidence of clinical practice heterogeneity
in the use of implantable cardioverter-defibrillators in heart failure and post-

myocardial infarction left ventricular dysfunction: findings from IMPROVE HF.
Heart Rhythm. 2009;6:1727–1734.

19. Silver MT, Sterns LD, Piccini JP, et al. Shock-Less Investigators. Feedback to
providers improves evidence-based implantable cardioverter-defibrillator pro-
gramming and reduces shocks. Heart Rhythm. 2015;12:545–553.

20. Thogersen AM, Larsen JM, Johansen JB, et al. Failure to treat life-threatening
ventricular tachyarrhythmias in contemporary implantable cardioverter-defibril-
lators: implications for strategic programming. Circ Arrhythm Electrophysiol.
2017;10:e005305.

R. Peinado Peinado / Rev Esp Cardiol. 2021;74(4):286–289 289

http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0180
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0180
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0180
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0185
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0185
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0185
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0185
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0185
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0190
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0190
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0190
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0190
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0195
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0195
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0195
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0200
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0200
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0200
http://refhub.elsevier.com/S1885-5857(20)30530-2/sbref0200

	Adherence to optimal ICD programming: an unresolved issue
	IS THE EVIDENCE FROM CLINICAL TRIALS ON OPTIMIZATION OF ICD PROGRAMMING REPRODUCIBLE IN CLINICAL PRACTICE?
	DO WE INCORPORATE THE EVIDENCE INTO OUR CLINICAL PRACTICE?
	CAN WE IMPROVE ADHERENCE TO OPTIMAL PROGRAMMING?
	CONFLICTS OF INTEREST
	References


