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REVIEW

Usefulness of insertable cardiac monitors for risk stratification: current indications 
and clinical evidence
Amira Assaf, Dominic AMJ Theuns, Michelle Michels, Jolien Roos-Hesselink , Tamas Szili-Torok and Sing- 
Chien Yap

Department of Cardiology, Erasmus MC, University Medical Center Rotterdam, Rotterdam, the Netherlands

ABSTRACT
Introduction: The 2018 ESC Syncope guidelines expanded the indications for an insertable cardiac 
monitor (ICM) to patients with unexplained syncope and primary cardiomyopathy or inheritable 
arrhythmogenic disorders.
Areas covered: This review article discusses the clinical evidence for using an ICM for risk stratification 
in different patient populations including Brugada syndrome, long QT syndrome, hypertrophic cardio-
myopathy, arrhythmogenic right ventricular cardiomyopathy, cardiac sarcoidosis, and congenital heart 
disease.
Expert opinion: Clinical data on the usefulness of ICMs in different patient populations is limited but 
most studies demonstrate early detection of clinically relevant arrhythmias, such as nonsustained 
ventricular tachycardia or atrial fibrillation. It is important to emphasize that the study populations 
usually comprise selected populations where conventional diagnostic methods fail to clarify the 
mechanism of symptoms. The effect of an ICM on prognosis by earlier detection of arrhythmias is 
difficult to demonstrate in populations with rare disease. Risk stratification in patients with cardiomyo-
pathy or inheritable arrhythmogenic disorders remains a niche indication for ICMs. The most important 
indication for an ICM remains unexplained syncope in patients at low risk of SCD. Given the device costs 
and uncertain clinical value of device-detected arrhythmias, it is unclear whether it is also useful in non- 
syncopal patients.
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1. Introduction

Insertable cardiac monitors (ICMs) are predominantly used 
in patients with recurrent unexplained syncope. Continuous 
arrhythmia monitoring using a subcutaneous device has 
proven to be very useful and cost-effective in establishing 
causative relationships between symptoms and cardiac 
arrhythmias. The 2018 European Society of Cardiology 
(ESC) Syncope guidelines has expanded the indication 
(class IIa) for an ICM to patients with unexplained syncope 
and primary cardiomyopathy or inheritable arrhythmogenic 
disorders who are at low risk of sudden cardiac death (SCD), 
as an alternative to implantable cardioverter-defibrillator 
(ICD) [1]. These recommendations were new in comparison 
to the 2009 ESC Syncope guidelines but were based on 
limited clinical evidence (level of evidence C) [2]. The cur-
rent review focuses on the use of an ICM for risk stratifica-
tion for SCD in patients with a structural or electrical heart 
disease. We restricted to cardiac diseases which were indi-
cated for an ICM in the 2018 ESC Syncope guidelines [1]. 
Furthermore, we expanded the review to cardiac diseases 
with published clinical experience with the ICM. Per disease 
entity, we will discuss the established risk factors for SCD, 
current primary prevention ICD indications, and the clinical 
evidence of the role of an ICM.

2. Concept of using ICM for risk stratification for 
SCD in patients with heart disease

In patients with a structural or electrical heart disease, risk 
stratification for SCD is usually based on a disease-specific 
multiparametric model [3–10] (Table 1). For many heart dis-
eases, the occurrence of syncope, especially arrhythmogenic 
syncope, is an important risk factor and may guide the deci-
sion to implant an ICD [3,5–7,10,11]. Another important risk 
factor is the presence of (recurrent) nonsustained ventricular 
tachycardia (NSVT) which is usually detected during Holter 
monitoring or exercise testing [3,5,12]. The decision to implant 
an ICD can be difficult, especially in young patients, consider-
ing the potential life-long complications of device therapy 
including lead failure, device-related infection, inappropriate 
shocks, need for lead extraction and psychological burden 
[13–16]. In general, the guidelines recommend (class I) an 
ICD for patients who experience aborted SCD or sustained 
ventricular tachycardia (VT) that is not hemodynamically tol-
erated [17,18].

In clinical practice we are encountering patients who are at 
increased risk of SCD but who do not have a conventional 
indication for an ICD. Especially symptomatic patients with syn-
cope, near-syncope, and/or palpitations constitute a clinical chal-
lenge for the treating physician. Careful history taking is of 
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utmost importance to clarify the potential underlying mechan-
ism of the symptoms, but differentiation between benign or 
malignant symptoms can sometimes be difficult [19]. An ICM 
may potentially be of benefit in these patients by providing 
continuous arrhythmia monitoring (Figure 1) [20]. The ICM can 
provide: 1) symptom-rhythm correlation; 2) documentation of 
clinically relevant arrhythmias; and 3) patient reassurance. ICMs 
are increasingly used in doubtful cases to exclude ventricular 
arrhythmias or atrioventricular (AV) block as the cause of syn-
cope. Furthermore, in some patient populations, the detection of 
atrial fibrillation (AF) has implications for the use of oral antic-
oagulation therapy to prevent stroke. For example, in patients 
with hypertrophic cardiomyopathy (HCM) there is a lower thresh-
old to start oral anticoagulation therapy considering the higher 
stroke risk [21,22]. In addition, the detection of supraventricular 
tachycardia as the cause of palpitations may render a patient a 
suitable candidate for catheter ablation [23].It is important to 
realize that patients may experience anxiety when they are 
diagnosed with an inheritable cardiac disease potentially related 
with an increased risk of SCD. Patient reassurance can be pro-
vided by the combination of insight in symptom-rhythm correla-
tion and the awareness of continuous arrhythmia monitoring. 
The obstacles regarding the use of ICMs are the financial health 
care burden associated with the device implantation, device 
costs, and remote monitoring (Figure 1). Regarding remote mon-
itoring, reimbursement policies are considerably heterogenous 
between countries [24]. Currently, the optimal duration of con-
tinuous monitoring is unknown; thus, it is unclear whether ICM 
replacement is necessary after reaching battery depletion after 3 
to 4 years [25]. Furthermore, there may be ICM or procedure- 
related complications although these complications are rare and 
usually minor. ICMs cause artifacts on cardiac MRI scans which 
may influence the image quality, specifically regarding late gado-
linium enhancement (LGE). Finally, there is the challenge of data 
overload for the remote monitoring clinic [26]. Especially, the 
annual rate of false positive AF episodes may be particularly high 
[27]. The decision to implant an ICM should be guided by all 
abovementioned considerations. In this review, we will provide 
the clinical evidence of the use of ICM for risk stratification in 
different populations.

3. Clinical evidence in different patient populations

3.1. Inherited primary arrhythmia syndromes

3.1.1. Brugada syndrome
Brugada syndrome (BrS) is characterized by a coved-type ST- 
segment elevation ≥2 mm and negative T-wave in the right 
precordial leads [28]. ECG changes are mostly dynamic and 
may be provoked by fever or sodium channel blocker challenge. 
Loss-of-function mutations in the SCN5A gene are definitive 
causative but are found in only 20% of BrS patients [29]. There 
is growing evidence suggesting an epicardial arrhythmic sub-
strate in the right ventricular outflow tract (RVOT) resulting in 
impaired conduction reserve [30–32]. Patients are at increased 
risk for SCD, especially between the age of 30 and 50 years old. 
Well-established risk factors for SCD are the presence of a spon-
taneous type 1 ECG and arrhythmogenic syncope [33]. 
Furthermore, early repolarization and type 1 ECG in peripheral 
leads have recently been identified as important risk markers for 
ventricular arrhythmias (VA)/SCD [6]. There is still debate on the 
role of programmed electrical stimulation for risk stratification 
[34]. The guidelines recommend a primary prevention ICD in 
patients with spontaneous type 1 Brugada pattern and arrhyth-
mogenic syncope (2022 ESC VA/SCD guidelines: class IIa, 2017 
American Heart Association [AHA]/ American College of 
Cardiology [ACC]/ Heart Rhythm Society [HRS] VA/SCD guide-
lines: class I) [17,18]. Furthermore, in the 2022 ESC VA/SCD guide-
lines an ICD may be considered (class IIb) in patients with 
inducible polymorphic VT/ventricular fibrillation (VF) [18]. Risk 
stratification is challenging in this population considering the 
low rate of appropriate ICD therapy and high rate of ICD-related 
complications including inappropriate ICD shocks [13,35].

Syncope is an important risk factor for SCD, however, neu-
rocardiogenic syncope is common in BrS patients [19,36]. 
Careful history taking may distinguish between arrhythmic 
and non-arrhythmic syncope [19,36]. According to the 2018 
ESC Syncope guidelines and 2022 ESC VA/SCD guidelines an 
ICM should be considered (class IIa) in BrS patients with 
recurrent episodes of unexplained syncope who are at low 
risk of SCD [1,18]. Data on the usefulness of an ICM in BrS 
patients is limited [25,26,36–44], but some centers showed an 
increase in the number of Brugada patients who are followed 
with an ICM (Figure 2). Although a few case reports have 
demonstrated documentation of sustained VA by an ICM in 
BrS patients [45,46], many case series did not demonstrate any 
SCD or sustained VA during follow-up with an ICM [26,36–42]. 
This suggest that high-risk patients were appropriately not 
considered for an ICM by the treating physician. In the study 
of Scrocco et al. only 1 of 50 patients (2%) was offered an ICD 
after the detection of a run of fast polymorphic NSVT [38]. In 
the study of Sakhi et al., 3 of 20 patients (15%) experienced a 
NSVT, but no patient received a prophylactic ICD [26]. Both 
studies demonstrated that continuous monitoring with an ICM 
yielded a diagnosis of tachy- or bradyarrhythmic episode in 
approximately 20% of cases [26,38]. Recurrence of syncope 

Article highlights

● Recurrent unexplained syncope is a well-established indication for an 
ICM.

● There is insufficient clinical evidence supporting the use of an ICM in 
non-syncopal patients with inherited cardiomyopathy or primary 
arrhythmia syndromes.

● Earlier detection of clinically significant arrhythmias by the ICM does 
not necessarily imply an effect on the prognosis.

● Further prospective studies are necessary to evaluate the role of ICM 
in symptomatic patients with inherited cardiomyopathy or primary 
arrhythmia syndromes who are at intermediate risk of sudden cardiac 
death.
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were usually associated with bradyarrhythmic events [38]. 
Thus, an ICM may be useful in guiding the management of 
selected low- to intermediate-risk BrS patients with arrhyth-
mia-related symptoms such as palpitations, near-syncope or 
presumed nonarrhythmic syncope. The exclusion of VA as a 
mechanism of their symptoms provides patient reassurance.

3.1.2. LQTS
Congenital long QT syndrome (LQTS) is an inherited disease 
characterized by a prolonged heart-rate corrected QT interval 
and is associated with an increased risk of malignant ventri-
cular arrhythmias triggered by early afterdepolarizations [47]. 
The diagnosis is based on a high Schwartz score (≥3.5) and/or 
the presence of a pathogenic mutation. Pathogenic mutations 
are found in up to 75% of patients and mainly comprise loss- 
of-function variants in KCNQ1 and KCNH2, or gain-of-function 
variants in SCN5A [48,49]. The cornerstone of treatment are 

beta blockers, preferably non-selective agents (i.e. nadolol and 
propranolol), and lifestyle measures (i.e. avoidance of QT 
prolonging drugs, correction of electrolyte abnormalities, 
avoidance of genotype-specific triggers) [18]. The antiarrhyth-
mic effect of beta blockers is due to the prevention of early 
afterdepolarizations. In addition, LQT3 patients may benefit 
from blockers of the late sodium inward current (mexiletine, 
flecainide or ranolazine) [50]. In patients in whom beta block-
ers are not effective, not tolerated, not accepted, or contra-
indicated, left cardiac sympathetic denervation is 
recommended [17,18].

Device therapy is reserved for a very selected population. 
The 2017 AHA/ACC/HRS VA/SCD guidelines recommend (Class 
I) a primary prevention ICD in high-risk symptomatic patients 
in whom beta blockers are ineffective or not tolerated [17]. 
High-risk features include QTc >500 msec, LQT3, females with 
LQT2, <40 years of age, onset of symptoms at <10 years of 

Figure 1. Benefits and obstacles for using ICM for risk stratification in selected patient populations.

Figure 2. Device implantation trend in patients with Brugada syndrome and (pre)syncope in St. George’s University Hospitals NHS Foundation Trust [38]. Note the 
increasing use of an ICM in this population. Reprinted from [38] with permission from Elsevier.
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age, and recurrent syncope. In the 2022 ESC VA/SCD guide-
lines a primary prevention ICD is recommended (Class I) in 
symptomatic patients who experienced arrhythmogenic syn-
cope or hemodynamically non-tolerated VA while receiving 
beta blockers and genotype-specific therapies (mexiletine in 
LQT3 patients) [18]. Furthermore, ICD implantation may be 
considered (Class IIb) in asymptomatic patients with high-risk 
profile (according to the 1-2-3 LQTS Risk calculator) in addition 
to genotype-specific medical therapies [18]. In LQTS patients 
with recurrent unexplained syncope who are at low risk of 
SCD (absence of high-risk features), an ICM should be consid-
ered (class IIa) instead of an ICD based on the 2018 ESC 
Syncope guidelines [1].

There are limited retrospective studies that have evaluated 
the clinical value of an ICM in LQTS patients [23,25,41,42,51– 
55]. Most studies were performed in a pediatric and young 
adult cohort, and no study focused solely on a LQTS popula-
tion. In one single-center study, 52 patients (median age 
29 years) with an inherited arrhythmia received an ICM 
between 2009 and 2017. Fifteen of 52 patients (29%) had a 
diagnosis of LQTS [41]. Syncope or presyncope of unclear 
origin was the most common indication to implant an ICM 
(60%). Most patients (64%) reproduced the initial symptom 
that led to the ICM implant, with a median follow-up to repeat 
syncope or palpitations of 6 months. No repeat syncope or 
presyncope was associated with a life-threatening arrhythmia. 
Five patients (11%) requested a reimplant after reaching end 
of battery life, being reassured by the possibility of longitudi-
nal monitoring.

In another single-center study 133 pediatric and adult 
patients (mean age 16 ± 9 years) received an ICM between 
2014 and 2017 at the Boston Children’s Hospital [51]. This was 
a mixed population, but LQTS was the most common genetic 
diagnosis (n = 15). Syncope was the most common indication 
for an ICM (44%) for the total population. The median time to 
either a positive or negative diagnostic transmission was 
4.5 months post-implantation. Based on the ICM findings, an 
ICD was implanted in 2 of 15 (13%) LQTS patients at an age of 
10 and 15 years, respectively. The ICD was implanted after a 
symptomatic prolonged pause (n = 1) and after the detection 
of torsades de pointes (n = 1).

Abovementioned studies demonstrate that unexplained 
syncope remains the most important indication for an ICM in 
LQTS patients. The median time to diagnosing or excluding 
clinically relevant arrhythmias was <6 months. Several LQTS 
patients received an ICD based on the findings of the ICM, 
thus an ICM seems to be valuable in selected symptomatic 
patients. Furthermore, the ICM has a positive psychological 
impact by providing reassurance by longitudinal remote mon-
itoring and confirmation of the benign nature of their 
symptoms.

3.2. Inherited cardiomyopathy

3.2.1. Hypertrophic cardiomyopathy
HCM is a common inherited cardiomyopathy characterized by 
left ventricular (LV) hypertrophy (≥15 mm in adults) in the 
absence of another cardiac, systemic, or metabolic disease 
capable of causing a similar degree of hypertrophy [56,57]. 

Histological features of HCM are myocyte hypertrophy, disar-
ray, and myocardial fibrosis. HCM has a prevalence of 1:500 to 
1:200 depending on the inclusion of subclinical cases. Among 
patients with HCM, 30% to 60% have a pathogenic or likely 
pathogenic sarcomere (or sarcomere-related) variant, with 
MYH7 and MYBPC3 being the 2 most common sarcomere 
genes involved [58]. Clinical sequala of HCM are heart failure 
symptoms, AF with increased stroke risk, and SCD. The use of 
ICDs in patients at highest risk of SCD has improved survival 
and shifted the focus to treatment of heart failure symptoms 
[59]. Periodic risk stratification during follow-up (every 1– 
3 years) is recommended [18,60,61]. Major clinical risk factors 
are family history of SCD from HCM at young age (≤50 years of 
age), massive LVH (≥30 mm), recent arrhythmogenic syncope 
(<6 months), LV apical aneurysm [62], and LV systolic dysfunc-
tion (ejection fraction [EF] <50%). Other risk factors are NSVT 
(especially those which are frequent (≥3), longer (≥10 beats) 
and faster (≥200 bpm)) [63,64], and extensive LGE on cardiac 
magnetic resonance (CMR) imaging [65,66].

In the 2020 AHA/ACC HCM guidelines a primary prevention 
ICD should be considered (class IIa) in patients who have one 
of the abovementioned major risk factors [61]. Furthermore, a 
primary prevention ICD may be considered (Class IIb) in 
patients with NSVT or extensive LGE. The 2022 ESC VA/SCD 
guidelines recommend the use of HCM Risk-SCD risk calculator 
in patients ≥16 years and the HCM Risk-Kids score in patients 
<16 years to estimate the 5-year risk of SCD [5,18,67]. The HCM 
Risk-SCD risk calculator does not incorporate more contem-
porary risk markers including LV apical aneurysm, LGE, and LV 
systolic dysfunction [62,68]. In the 2022 ESC VA/SCD guide-
lines, a primary prevention ICD should be considered (class IIa) 
in patients ≥16 years with an estimated 5-year risk of SCD 
≥6%, or with an intermediate 5-year risk of SCD (≥4 to <6%) 
and a risk modifier (≥15% LGE at CMR, LVEF <50%, abnormal 
blood pressure response during exercise test, LV apical aneur-
ysm, or sarcomeric pathogenic mutation). Furthermore, a pri-
mary prevention ICD may be considered (class IIb) in patients 
with an intermediate 5-year risk of SCD (≥4 to <6%) in the 
absence of a risk modifier [18]. In a meta-analysis, the sensi-
tivity for SCD was 68% in patients with an estimated 5-year 
risk of SCD ≥4% [69]. The 2020 AHA/ACC VA/SCD guidelines 
provide a higher sensitivity, at the expense of specificity, for 
identifying at-risk patients who may benefit from an ICD in 
comparison to the ESC intermediate/high-risk model (≥4% 
event rate over 5 years) [68].

The 2018 ESC Syncope guidelines give a class IIa indication 
for an ICM in patients with recurrent episodes of unexplained 
syncope who are at low risk of SCD according to the HCM Risk- 
SCD score [1,60]. These patients would qualify for an ICD in 
the 2017 AHA/ACC VA/SCD guidelines when the syncopal 
episodes are judged to be arrhythmic [17]. Theoretically an 
ICM could be useful for the detection of clinically relevant 
arrhythmias such as AF and NSVT. AF is more common in 
HCM patients than in the general population due to pressure 
overload induced left atrial remodeling [70,71]. There is a 
lower threshold to start oral anticoagulation in HCM patients 
to prevent ischemic stroke [21,22,60,61,72].

Currently clinical data on the usefulness of an ICM in 
patients with HCM is scarce with only 2 case series focusing 
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specifically on HCM patients [73–79]. The prospective 
ELUCIDATE HCM study enrolled 30 unselected adults with 
HCM (97% had a HCM Risk-SCD score <4%) who received an 
ICM [73]. During a mean follow-up of 18 months, AF de novo 
was detected in 25% and NSVT in 23% of patients. No patient 
had a higher risk score category after the detection of NSVT 
and no ICDs were implanted. All patients with AF de novo 
were advised to use oral anticoagulation.

Sakhi et al. evaluated the incremental value of an ICM to 
conventional Holter monitoring in 50 HCM patients with low 
or intermediate HCM Risk-SCD score (<6%) [74]. Patients who 
were monitored with an ICM (n = 25) were compared to age-, 
sex- and HCM Risk-SCD score matched controls (n = 25) receiv-
ing conventional follow-up with an ambulatory Holter moni-
tor. The reason for the ICM was the presence of symptoms 
(32% history of syncope) or risk modifiers like LGE on CMR. 
During a mean follow up of 17 months the cumulative action-
able event rate was higher in the ICM group (51% vs. 27%, 
logrank P < 0.01). Interestingly, there was no difference in the 
detection rate of NSVT (23% vs. 42%, logrank P = 0.71), most 
likely due to the tachycardia detection criteria of the ICM 
(nominal: 16 beats at >176 bpm). Four patients (two in either 
group) received an ICD. Three of four patients received an ICD 
because of reclassification to a high HCM Risk-SCD score (≥6%) 
after the detection of NSVT. AF de novo was only detected in 3 
patients (12%) the ICM group, and all these patients started 
oral anticoagulation.

The two abovementioned studies demonstrate that contin-
uous arrhythmia monitoring increases the likelihood to detect 
AF de novo, but not necessarily increases the detection of 
NSVT probably due to the tachycardia detection criteria of 
the ICM. Short (<16 beats) and slow (<176 bpm) NSVT are 
detected by ambulatory Holter monitoring but not by the ICM 
unless the patient triggers an arrhythmia episode. Novel ICMs 
like Reveal LINQ II (Medtronic) are capable to overcome these 
limitations by using sudden onset criteria which allows the 
detection of short and slow NSVT. However, it is important to 
highlight that the detection of NSVT by continuous arrhythmia 
monitoring has not been proven to have the same prognostic 
value as the detection of NSVT by ambulatory Holter monitor-
ing. Therefore, it has currently no defined role in risk stratifica-
tion based on current clinical evidence.

3.2.2. Arrhythmogenic right ventricular cardiomyopathy
Arrhythmogenic right ventricular cardiomyopathy (ARVC) is an 
inherited cardiomyopathy characterized by fibro fatty replace-
ment of cardiac tissue, mainly localized to the right ventricle 
(RV), but LV involvement occurs in up to 50% of patients [80]. 
Mutations in genes encoding desmosomal proteins are the 
most common genetic cause. Patients with ARVC are at 
increased risk of VT (usually monomorphic) and SCD, usually 
between the second and fourth decade of life. Disease pro-
gression may result in chronic heart failure. The 2017 AHA/ 
ACC/HRS VA/SCD guidelines recommend (Class I) a primary 
prevention ICD with a left ventricular ejection fraction (LVEF) 
or right ventricular ejection fraction (RVEF) ≤35% [17]. 
Furthermore, a primary prevention ICD should be considered 
(class IIa) in patients with arrhythmogenic syncope. In the 
2022 ESC VA/SCD guidelines a primary prevention ICD should 

be considered (class IIa) in patients with arrhythmic syncope; 
patients with severe RV or LV dysfunction (≤35%); or sympto-
matic patients (presyncope or palpitations) with moderate RV 
or LV dysfunction and either NSVT or inducible sustained 
monomorphic VT [18]. It is important to recognize that survival 
benefit of an ICD is less clear in patients with hemodynami-
cally tolerated VT. Using large international registry data, risk 
calculators have been developed to estimate the risk of future 
sustained VA/SCD to guide the decision to implant a prophy-
lactic ICD (https://arvcrisk.com) [3,4,81]. Identified predictors of 
sustained VA/SCD were age, sex, cardiac syncope, frequent 
NSVT, premature ventricular complexes (PVC) burden, number 
of leads with T-wave inversion and RVEF.

An ICM may play a role in the early detection of VA and is 
useful to establish the underlying rhythm in patients with 
recurrent unexplained syncope. The 2018 ESC Syncope guide-
lines recommend that an ICM should be considered in ARVC 
patients with recurrent episodes of unexplained syncope who 
are at low risk of SCD [1]. Currently, there is limited data on the 
use of an ICM in ARVC patients [23,41,42,52,79,82]. Assaf et al. 
described the use of an ICM in 5 patients with ARVC [23]. Only 
one patient, who received the ICM for palpitations, received 
an ICD after the ICM documented a NSVT episode. It is impor-
tant to realize that the available risk calculators use ‘prior 
NSVT’ at the time of diagnosis and not during follow-up 
[3,4]. Besides patients with recurrent syncope, an ICM might 
be of potential use in patients with palpitations when other 
diagnostic methods (e.g. Holter, event recorder, mobile perso-
nal ECGs) fail to document the underlying rhythm. Taken 
together, there is very limited data on the usefulness of an 
ICM in patients with ARVC.

3.3. Acquired cardiomyopathy

3.3.1. Prior myocardial infarction
SCD remains an important mode of death in patients with 
prior myocardial infarction (MI) [83,84]. VA is the most com-
mon cause of SCD. Myocardial scarring enhances arrhythmo-
genicity due to electrical and structural remodeling. This may 
result in non-uniform anisotropic conduction, gap junctions 
remodeling, source to sink mismatch and refractoriness dis-
persion potentially leading to the initiation and maintenance 
of VA [85].

LV dysfunction has been shown to be the most robust non- 
invasive marker of SCD in patients with prior MI. Both the 2017 
AHA/ACC/HRS VA/SCD and 2022 ESC VA/SCD guidelines 
recommend (Class I) a primary prevention ICD in post-MI 
patients with symptomatic chronic heart failure (NYHA II–III) 
despite optimal medical therapy and LV ejection fraction 
(LVEF) ≤35% [17,18]. A primary prevention ICD is also indi-
cated in patients with LVEF ≤30% and NYHA I, and in patients 
with a combination of NSVT, LVEF ≤40% and inducible VA 
(2022 ESC VA/SCD guidelines: class IIa, 2017 AHA/ACC/HRS 
VA/SCD guidelines: class I) [17,18].

In general, the guidelines recommend an ICM for patients 
with unexplained syncope [1,17]. The 2022 ESC VA/SCD 
recommend (class I) an ICM for post-MI patients with a com-
bination of unexplained syncope, LVEF 36–40% and negative 
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programmed electrical stimulation [18]. The ICM has been 
mainly used in clinical studies to elucidate the long-term 
incidence of cardiac arrhythmias post-MI. For example, the 
Cardiac Arrhythmias and Risk Stratification After Myocardial 
Infarction (CARISMA) trial was a multicenter observational 
study in which 297 post-MI patients with LVEF ≤40% were 
enrolled and received an ICM within 21 days after the MI. 
During a median follow-up of 2.0 years, the ICM documented 
NSVT in 13%, high-degree AV block in 10%, sustained VT in 3% 
(1 fatal VT episode) and nonfatal VF in 3% [86]. Paroxysmal 
high-degree AV block was the strongest independent predic-
tor of cardiac death and total mortality. ICM-detected sus-
tained VT or VF resulted in 9 of 11 ICD implantations for 
secondary prevention.

The quest to identify useful noninvasive risk markers for 
SCD has so far been limited to severe LV dysfunction (LVEF 
≤35%). Cardiac autonomic dysfunction after MI may poten-
tially identify a subgroup at high risk among patients with 
only moderately reduced LVEF (36–50%) [87]. Recently, the 
Implantable Cardiac Monitors in High-Risk Post-Infarction 
Patients with Cardiac Autonomic Dysfunction and Moderately 
Reduced Left Ventricular Ejection Fraction (SMART-MI) trial eval-
uated whether remote monitoring with an ICM can improve 
early detection of subclinical prognostically relevant arrhyth-
mias [88]. This was a multi-center, prospective, randomized, 
open label study enrolling 400 early post-MI (<40 days) 
patients with LVEF 36–50% and abnormal repolarization 
dynamics or deceleration capacity (ICM group: n = 201; control 
group: n = 199). During a median follow-up of 21 months the 
ICM group had a higher detection of predefined serious 
arrhythmic events (30% vs. 6%, p < 0.001). An improved 
detection rate was seen for most types of serious arrhythmic 
events: AF ≥6 minutes (23% vs. 6%, p < 0.001), AV block class 
IIb and higher (7% vs. 0%, p < 0.001), fast NSVT (3% vs. 0%, 
p = 0.013), and sustained VT/VF (3% vs. 1%, p = 0.19). The ICM 
group had more ICD implantations (6.5% vs. 2.5%), pacemaker 
implantations (3.0% vs. 0%), catheter ablations (5.0% vs. 1.5%) 
and start of oral anticoagulation due to AF (18.4% vs. 5.5%) in 
comparison to the control group. This study demonstrates 
that an ICM provides early detection of clinically relevant 
arrhythmias and more therapeutic interventions in patients 
with cardiac autonomic dysfunction after MI with moderately 
reduced LV function. The rates of most of the clinically rele-
vant arrhythmias were comparable to the CARISMA study 
which included early post-MI patients with LVEF ≤40%. Only 
the incidence of NSVT was lower in the SMART-MI study, but 
this may be related to stricter criteria for NSVT (>187 bpm for 
≥40 beats vs. ≥125 bpm for ≥16 beats) [86,88]. It is important 
to note that the SMART-MI study was a diagnostic trial and 
was not powered to test the effects of ICM-guided interven-
tions on clinical endpoints. Thus, it is not clear whether early 
detection of subclinical, potentially prognostically relevant 
serious arrhythmic events is clinically useful in this population.

3.3.2. Cardiac sarcoidosis
Sarcoidosis is an inflammatory, systemic disease of unknown 
cause, characterized by the presence of noncaseating granu-
lomas [89]. It is most often associated with pulmonary involve-
ment, but any organ may be involved, including the heart. 

Cardiac sarcoidosis (CS) might be the first presentation or can 
develop subsequently and is present in up to 25% of patients 
diagnosed with sarcoidosis according to autopsy studies [90]. 
Imaging studies, including CMR or positron emission tomo-
graphy (PET), have increased the detection of CS [91,92]. 
Clinical manifestations of CS are conduction abnormalities, 
VA, SCD, and LV dysfunction with or without heart failure 
[93]. The current European and American guidelines recom-
mend (class I) a primary prevention ICD for CS patients with 
LVEF ≤35% [17,18]. A primary prevention ICD should also be 
considered (class IIa) in CS patients with LVEF >35% and 
significant scar on CMR, LVEF >35% and inducible VA [94,95], 
and those with an indication for permanent pacing regardless 
of LVEF [17,18]. Patients with CS and ICD are not only at high 
risk for VA, including those with LVEF >35%, but also for 
inappropriate shocks (13–24%) and device complications 
(15–17%) [96,97].

To date, only one retrospective cohort study by Bakker et 
al. systematically evaluated the role of ICMs for long-term 
monitoring in CS patients [98]. Eighty CS patients (mean age 
55.7 ± 11.8 years, 76% male, mean LVEF 59.7 ± 7.7%) consid-
ered at low risk for SCD (i.e. no ICD indication based on HRS 
consensus statement [99] and no extensive scar on CMR) 
received an ICM. During 35 ± 17 months of follow-up, 12 
patients (15%) showed clinically relevant arrhythmias on 
their ICM (NSVT in 11, second- or third-degree AV block in 
2). Furthermore, 7 patients (9%) received an ICD based on the 
ICM recordings (symptomatic NSVT in 6 and third-degree AV 
block in 1). It is important to note that NSVT is not an estab-
lished risk factor for SCD in CS but was used in this study to 
select patients for an ICD. Two other patients received an ICD 
for other reasons: decline in LVEF and inducible VA. None of 
these 9 ICD patients received appropriate ICD therapy during 
a mean follow-up of 23 ± 20 months. The authors conclude 
that implantation of an ICM is not recommended in all low-risk 
CS patients because an ICM is costly, only 9% were reclassified 
as high risk, and none of these patients received appropriate 
ICD therapy. ICM implantation might be more appropriate in a 
selected population with an intermediate risk of SCD.

3.4. Congenital heart disease

SCD is an important mode of death in patients with congenital 
heart disease (CHD), especially in patients with repaired tetral-
ogy of Fallot (TOF), transposition of the great arteries (TGA) 
with a systemic RV, cyanotic heart disease, Ebstein anomaly 
and Fontan circulation [100]. The incidence of SCD In more 
contemporary cohorts is declining due to advances in surgical 
techniques and perioperative management [101–103]. For 
example, the incidence of SCD have markedly declined for 
TGA patients after the introduction of the arterial switch 
operation [101]. SCD/VA risk models have been developed 
for adults with CHD (ACHD) [8], but also for specific CHD 
lesions, especially for patients with repaired TOF and TGA 
with a systemic right ventricle [7,104]. In the 2022 ESC VA/ 
SCD guidelines a primary prevention ICD is recommended 
(class I) in ACHD patients with biventricular physiology, 
NYHA II–III heart failure and LVEF ≤35% despite 3 months of 
optimal medical therapy [18]. A primary prevention ICD should 
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be considered (class IIa) in patients with suspected arrhythmo-
genic syncope and either moderate ventricular dysfunction or 
inducible VA [18]. A primary prevention ICD may be consid-
ered (class IIb) in patients with advanced single ventricle or 
systemic RV dysfunction with additional risk factors (i.e. NSVT, 
NYHA II/III, severe AV valve regurgitation, QRS ≥140 ms in 
TGA) [18]. Both the 2022 ESC VA/SCD and 2018 AHA/ACC 
ACHD guidelines give a class IIa indication for a primary pre-
vention ICD in TOF patients with multiple risk factors for SCD 
[105,106]. These risk factors include LV dysfunction, NSVT, QRS 
duration ≥180 ms, extensive RV scarring on CMR, severe QRS 
fragmentation, or inducible VA.

The role of ICMs in ACHD patients is uncertain and clinical 
data are scarce [51,107–112]. The ICM is not mentioned in the 
ACHD guidelines [105,106]. Currently, only two studies have 
focused exclusively on an ACHD population [107,108]. The 
prospective Early Detection of Ventricular Arrhythmias in 
adults with Congenital Heart Disease using an insertable car-
diac monitor (EDVA-CHD) study evaluated the outcome of an 
ICM in 30 ACHD patients with a mean age of 38 ± 15 years at 
implantation. The most common indication for an ICM was 
(near)syncope (53%) followed by palpitations (40%). During a 
median follow-up of 16 months, 8 patients (27%) had ICM- 
detected NSVT. Of these 8 patients, 3 patients (10%) received 
a prophylactic ICD. The CHD diagnosis in these 3 patients 
were repaired Shone’s complex, repaired TOF, and congeni-
tally corrected TGA. Furthermore, ICM-detected arrhythmias 
were present in 22 patients (73%) leading to a change in 
clinical management in 16 patients (53%). Another study by 
Dodeja et al. retrospectively evaluated the impact of an ICM 
on clinical management in 22 ACHD patients with a median 
age of 25 year at implantation [108]. A history of syncope was 
present in 41% of patients. Detection of an arrhythmia by the 
ICM resulted in a change in clinical management in 9 patients 
(41%). ACHD physiologic class D patients were more likely to 
have a positive finding in comparison to other physiologic 
classes. One patient (5%) with Fontan circulation received an 
ICD based on the ICM findings. Finally, Bezzerides et al. retro-
spectively evaluated the use of an ICM in a mixed cohort of 
133 pediatric and adult patients including 34 patients (26%) 
with CHD [51]. The judgment to insert an ICM was made in 
collaboration with a staff pediatric electrophysiologist. ICM 
findings led to a diagnosis in 18 of 34 CHD patients (53%). 
The average time to diagnosis was just under 5 months. Of 
these 18 patients, 10 patients (56%) had a negative diagnos-
tic transmission, and 8 patients (44%) had a positive diag-
nostic transmission. Four patients (12%) received a 
pacemaker after the detection of AV block or sinus node 
dysfunction. One Fontan patient (3%) received an ICD after 
the detection of sustained VT.

Considering abovementioned studies, the use of an ICM 
resulted in a change in clinical management in >50% of ACHD 
patients, the majority of whom had a history of syncope. 
Arrhythmias detected by the ICM resulted in the implantation 
of primary prevention ICD in 3% to 10% of the ICM population 
[51,107,108]. Thus, the ICM seems to be a useful diagnostic 
tool for the detection of clinically relevant arrhythmias with an 
impact on clinical management.

4. Conclusion

The ICM provides continuous arrhythmia monitoring and is 
thus an important diagnostic tool to establish the rhythm 
during an episode of syncope. Clinical studies show that 
unexplained syncope remains the most common indication 
for an ICM in patients with primary cardiomyopathy or inheri-
table arrhythmogenic disorders who are at low risk of SCD. In 
symptomatic patients without syncope the usefulness of an 
ICM is less well established. Although clinical studies have 
shown that an ICM provides earlier detection of subclinical 
relevant arrhythmias, there is limited evidence that earlier 
detection has an impact on prognosis. Therefore, ICM implan-
tation in non-syncopal patients is not an established indication 
based on current clinical evidence.

5. Expert opinion

Clinical data on the usefulness of ICMs in patients with primary 
cardiomyopathy or inheritable arrhythmogenic disorders is 
limited but most studies demonstrate early detection of clini-
cally relevant arrhythmias, such as NSVT or AF. It is important 
to stress that the studied population usually comprises very 
selected populations where conventional diagnostic methods 
fail to clarify the mechanism of symptoms. Not surprisingly, 
the clinical usefulness of an ICM is difficult to demonstrate in 
study populations with rare disease. The precise role of ICMs in 
selected populations with primary cardiomyopathy or inheri-
table arrhythmogenic will have to be defined by prospective 
studies before widespread implementation of ICM use in clin-
ical practice. This will allow to assess the precise role of ICM for 
improving outcome prediction, in the perspective of a well- 
defined decision-making process.

In clinical practice the decision to implant an ICD in 
patients with primary cardiomyopathy or inheritable arrhyth-
mogenic disorders is based on the individual judgment for 
each patient. During this decision process different aspect are 
considered such as presence of risk factors, strength of indivi-
dual risk factors, overall clinical profile, anticipated benefit of 
the information that may derive from an ICM, level of risk 
acceptable to the patient and family, and the potential 
device-related complications, including psychological impact 
and inappropriate ICD shocks. In view of the complexity of the 
decision to implant an ICD in relatively young patients, the 
decision should ideally be based on the advice of a Heart 
Team. Members of this Heart Team include the treating phy-
sician, (pediatric) electrophysiologist with expertise in inher-
ited arrhythmias, and medical geneticist.

Arrhythmogenic syncope is an important risk factor for SCD in 
many primary cardiomyopathies or inheritable arrhythmogenic 
disorders, and usually favors the decision to implant an ICD. 
However, in clinical practice it is sometimes difficult to distin-
guish between arrhythmogenic and nonarrhythmogenic syn-
cope despite careful history taking [19]. In these patients an 
ICM should be considered to clarify the underlying mechanism 
after comprehensive diagnostic evaluation and when the patient 
is judged to be at low risk of SCD based on a multi-parametric 
model of established risk factors (Table 1 and 2). The clinical 
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evidence in patient populations who were monitored with an 
ICM demonstrate that the risk of SCD was very low to absent, 
highlighting proper clinical judgment regarding the estimated 
SCD risk based on clinical factors.

The role of ICMs in patients without unexplained syncope is 
uncertain (Table 2). The decision to implant an ICM in these 
patients should be individualized and based on the clinical pre-
sentation of the patient and presumed additional benefit of early 
detection of clinically significant arrhythmias. It is important to 
realize that earlier detection of arrhythmias does not always 
results in improved clinical outcome. This was illustrated by the 
Atrial Fibrillation Detected by Continuous ECG Monitoring Using 
Implantable Loop Recorder to Prevent Stroke in High-risk 
Individuals (LOOP) study [113]. In this large, randomized trial 
(ICM: n = 1501; usual care: n = 4503), the ICM resulted in a 
three-fold increase in AF detection and anticoagulation initiation 
in patients with stroke risk factors, however, there was no sig-
nificant reduction in the risk of stroke or systemic arterial embo-
lism. These findings suggests that not all ICM-detected AF merits 
anticoagulation. The same may apply to ICM-detected NSVT in 
populations in which NSVT is a risk factor for SCD such as HCM 
and ARVC. It highlights that ICM-detected subclinical arrhythmias 
leading to a change in clinical management not necessarily imply 
that it will change prognosis.

Finally, the use of an ICM may provide patient reassurance 
by providing continuous arrhythmia monitoring. This usually 
includes patients with symptoms like dizziness, lightheaded-
ness, or palpitations. The ICM is then mainly used to exclude 
VA as the cause of their symptoms. However, this should only 
be used in exceptional cases after extensive use of other 
diagnostic methods, such as exercise test, Holter of variable 
duration, symptoms triggered recorders, including smart-
phones with ability to record ECG strips.

Currently, multiple clinical trials are evaluating the useful-
ness of an ICM for the detection of clinically significant 
arrhythmias in intermediate- to high-risk populations. These 
include patients with chronic total coronary occlusion 
(VACTOR, NCT03475888), recent MI and LVEF <40% (TeVeO, 
NCT04765943), Fabry disease (RaILRoAD, NCT03305250) [114], 
end-stage renal disease (CADDY, NCT04841304) and post-MI 
with preserved LV function (BIO-GUARD-MI, NCT02341534). 
The BIOmonitoring in patients with preserved left ventricUlar 
function AfteR Diagnosed Myocardial Infarction (BIO-GUARD- 
MI) study was a randomized controlled trial (n = 790) evaluat-
ing whether early treatment after ICM-documented arrhyth-
mias will decrease the risk of major adverse cardiovascular 
events (MACE) in post-MI patients with LVEF >35% and 
CHA2DS2-VASc score ≥4 (men) or ≥5 (women). The trial was 
prematurely stopped after 218 of 372 expected events. The 
primary results were presented as a Late-Breaking Clinical Trial 
at the ACC Annual Scientific Session on 4 April 2022. There 
was no statistically significant reduction in MACE in the ICM 
group after 2.5 years (hazard ratio 0.84, P = 0.21). A prespeci-
fied subgroup analysis, however, demonstrated a 31% reduc-
tion of MACE in the ICM-group in patients with non-ST 
segment elevation MI (NSTEMI). It was important to note 
that the NSTEMI group was at higher risk of the primary out-
come in comparison to the ST segment elevation MI group. 
Thus, early treatment of ICM-documented arrhythmias, most 
often by oral anticoagulation, beta blockers, or pacemakers, 
was particularly beneficial in high-risk patients. The full pub-
lication of the BIO-GUARD-MI study is expected soon. The use 
of ICM-documented arrhythmias as a biomarker for impeding 
MACE is interesting. Future studies should focus on identifying 
a high-risk group who may benefit from early treatment of 
ICM-documented arrhythmias.

In conclusion, risk stratification in patients with primary 
cardiomyopathy or inheritable arrhythmogenic disorders 
remains a niche indication for ICMs limited to patients with 
unexplained syncope at low risk of SCD. Given the costs and 
uncertain clinical value of device-detected arrhythmias, it is 
unclear whether it will also be used in selected non-syncopal 
patients where recurrent NSVT may influence treatment deci-
sions (e.g. ARVC, HCM). Further international collaboration 
investigating the role of ICMs in these selected populations 
by prospective studies is needed to justify and validate this 
role.
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Table 2. Potential usefulness of ICM for risk stratification.

Unexplained syncope 
at low risk of SCD after 

comprehensive 
evaluation [1]

Early detection of 
NSVT resulting in 

increase in risk 
category

Asymptomatic 
patients who 

are at low risk 
of SCD

Inherited 
primary 
arrhythmia 
syndromes

● LQTS + - -

● Brugada 
syndrome

+ - -

Structural 
heart 
disease

● HCM + ? -

● ARVC + ? -

● Post MI + - -

● Sarcoidosis + - -

● Congenital 
heart 
disease

+ - -

Abbreviations: ARVC, arrhythmogenic right ventricular cardiomyopathy; HCM, 
hypertrophic cardiomyopathy; LQTS, long QT syndrome, MI, myocardial infarc-
tion. + useful, – less/not useful, ?, unknown. See text for supporting 
comments. 
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RVEF = right ventricular ejection fraction
RVOT = right ventricular outflow tract
SCA = sudden cardiac arrest
SCD = sudden cardiac death
TGA = transposition of the great arteries
TOF = tetralogy of Fallot
VA = ventricular arrhythmia
VT = ventricular tachycardia
VF = ventricular fibrillation
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