
EHRA POSITION PAPER

Indications for the use of diagnostic implantable
and external ECG loop recorders
Task Force members: Michele Brignole (Chairperson), Lavagna, Italy; Panos Vardas
(co-chairperson), Herakleion, Greece; Ellen Hoffman, Munich, Germany;
Heikki Huikuri, Oulu, Finland; Angel Moya, Barcelona, Spain; Renato Ricci, Rome,
Italy; Neil Sulke, Eastbourne, UK; Wouter Wieling, Amsterdam, The Netherlands

EHRA Scientific Documents Committee: Angelo Auricchio (Chairperson), Lugano, Switzerland; Gregory Y.H. Lip,
Birmingham, UK; Jesus Almendral, Madrid, Spain; Paulus Kirchhof, Muenster, Germany; Etienne Aliot, Nancy, France;
Maurizio Gasparini, Milan, Italy; Frieder Braunschweig, Stockholm, Sweden

Document Reviewers: Gregory Y.H. Lip, Birmingham, UK; Jesus Almendral, Madrid, Spain; Paulus Kirchhof, Muenster,
Germany; Gian Luca Botto, Como, Italy

Table of Contents
PREAMBLE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 671
PART I: ESTABLISHED INDICATIONS

1. Management (diagnosis and treatment) of transient
loss of consciousness (T-LOC) . . . . . . . . . . . . . . . . . . . 674

2. Diagnosis of undocumented palpitations . . . . . . . . . . . . 680
PART II: NON-ESTABLISHED INDICATIONS

3. Atrial fibrillation: therapy guided by loop
recorder observations . . . . . . . . . . . . . . . . . . . . . . . . . . 682

4. Implantable loop recorders in risk stratification . . . . . . 684
PERSPECTIVES

5. Future clinical and technological needs . . . . . . . . . . . . . 685

Preamble
ECG loop recorders have a retrospective (loop) memory which
continuously records and deletes the patient’s ECG. They include
a patient-activation function that allows the patient to activate
ECG storage as a result of symptoms and an auto-activation
feature that allows the capture of arrhythmic events without
relying on patient compliance or perception of symptoms. Loop
recorder devices can be both implantable (ILR) and external
(ELR). Table 1 summarizes the characteristics of the most
common diagnostic loop recorders. The retrospective memory
differentiates loop recorders from prospective-only event recor-
ders. While event recorders have some usefulness in patients with
intermittent palpitations, they have no indication to detect syncope.

Knowledge of what occurs during a spontaneous event is the
ideal gold standard for evaluation. Patients with infrequent short-
duration transient symptoms, recurring over weeks or months,

are unlikely to be diagnosed by conventional Holter monitoring,
since the likelihood of symptom-ECG correlation is very low. Con-
sideration should be given to patient-activated event recording in
such patients, but this technique has important limitations that
might prevent a successful ECG recording of the event, especially
for those with syncope, as it implies the activation of recording by
the patients once the patient has already recovered consciousness.
In such circumstances, consideration should be given to implanta-
ble and external ECG loop recorders. It is likely that loop recor-
ders will become increasingly important, and their use will
increasingly be appropriate instead of, or before, many current
conventional investigations. This early loop recorder approach
implies, on the one hand, the need for careful initial risk stratifica-
tion in order to exclude from such a strategy patients with poten-
tial life-threatening conditions that require immediate
hospitalization or intensive evaluation and treatment. On the
other hand, as a general rule ECG loop recorders are indicated
only when there is a high pre-test probability of identifying an
heart rhythm abnormality responsible of symptoms. These con-
ditions will be discussed in the document.

Ultimately, technology may allow recording of multiple signals in
addition to the ECG (e.g. blood flow or pressure, EEG, etc.) and
the automatic immediate wireless transmission of pertinent data
to a central monitoring station. Such advances will permit
greater emphasis on the documenting and characterizing of spon-
taneous episodes. Conversely, they will result in less reliance for
current diagnostic testing techniques that are largely designed to
assess susceptibility to the provocation of syncope or palpitations
in the laboratory.
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Table 1 Most common implantable and external loop recorders

Device/
company

Mode Expected
monitoring
duration*

Total
memory

Loop
memory
(patient
activated)

Brady algorithms
(auto-activated)

Tachy algorithms
(auto-activated)

AF detection
algorithms

Remote data transmission Additional
features

Reveal DX/
Medtronic

Implantable 3 years 42 min 50 pre þ 10 post
each (�3
episodes)

Asystole and
bradycardia,
(physician-defined)

16 consecutive intervals and
probabilistic fast
tachycardia (12/16
intervals), programmable
rate boundary

No Data stored in the device are sent on
demand trough an analogical
telephone transmission to a web
server. Physician accesses data via
Internet with a secure log-in

Sensing and
Detection
Algorithm

Reveal XT/
Medtronic

Implantable 3 years 42 min 5 þ 1min each
(�3
episodes)

Asystole and
bradycardia,
(physician-defined)

16 consecutive intervals and
probabilistic fast
tachycardia (12/16
intervals), programmable
rate boundary

Yes Data stored in the device are sent on
demand trough an analogical
telephone transmission to a web
server. Physician accesses data via
Internet with a secure log-in

Sensing and
Detection
Algorithm HR
variability

Sleuth/Transoma Implantable 28 months 630 min 3 þ 2 min When one R–R interval
is less than the low
heart rate setting

When 6 of 8 consecutive R-R
intervals are greater than
the high heart rate setting

No Wireless (real-time) to personal data
manager and then
trans-telephonic to service
centre. Daily þ urgent reports
from service centre to physician

HR trending data
every four hours

Confirm DM2100/
St Jude

Implantable 3 years 48 min (147
episodes)

10 –40 pre
þ 0.50 –10

post

Asystole and
bradycardia,
(physician-defined)

Tachycardia
(physician-defined)

No Data stored in the device are sent on
demand trough an analogical
telephone transmission to
physician. Local software for
analysis

HR trending data

Confirm DM
2102(a)/St Jude

Implantable 3 years 48 min (147
episodes)

10 –40 pre
þ 0.50 –10

post

Asystole and
bradycardia,
(physician-defined)

SVT and VT discrimination
algorithm programmable
rate boundary

Yes Data stored in the device are sent on
demand trough an analogical
telephone transmission to
physician. Local software for
analysis

AF burden

MCOT (b)/
Cardionet

External Few weeks 21-days
continuous
monitoring

Patient’s notes Asystole and
bradycardia,
programmable
duration

Rhythm changes and
morphology

Yes
(if applicable)

Continuous or 24 h loop memory,
wireless (real-time) to personal
data manager and then
trans-telephonic to service
centre. Daily þ urgent reports
from service centre to physician

HR trending data

LifeStar ACT/
LifeWatch

External Few weeks 21-days
retrievable
monitoring

10 pre þ0.50

post (total
200)

Asystole and
bradycardia,
programmable
duration

No Yes Automatic ECG transmission of
predefined events via Bluetooth
wireless link to service centre.
Daily þ urgent reports from
service centre to physician

Remotely
programmable.
Daily summary
reports
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LifeStar/LifeWatch External Few weeks 10 min 10 pre þ0.50

post (total
90)

Asystole and
bradycardia,
programmable
duration

No Yes
(when enabled)

Dial-in trans-telephonic (delayed on
demand) or via Service Centre
(fax, e-mail) or when the device is
returned. Local software for
analysis

eVolution/eCardio External Few weeks 30 min 6 events (total
90)

Asystole and
bradycardia,
programmable
duration

No Yes Automatic ECG transmission of
predefined events via Bluetooth
wireless link or over telephone
line. Physician accesses data via
Internet with a secure log-in

3300 BT/
Vitaphone

External Few weeks 20 min 5 pre-/
post-time
settings, max
15 events

Asystole and
bradycardia

Tachycardia Yes Automatic ECG transmission of
predefined events via Bluetooth
wireless link. Physician accesses
data via Internet with a secure
log-in

Display and
acoustic
feedback

V-PATCH/Medical
System

External Few weeks 30 h 30 s pre/30 s
post

Asystole and
bradycardia

Tachycardia No Automatic ECG transmission of
predefined events via Bluetooth
wireless link. Physician accesses
data via Internet with a secure
log-in

King of the Heart/
Instromedics

External Few weeks 6 min 1–60 events Bradycardia
(physician-defined)

Tachycardia
(physician-defined)

Yes Dial-in trans-telephonic (delayed on
demand) or via Service Centre
(fax, e-mail) or when the device is
returned. Local software for
analysis

SpiderFlash/Sorin External Few weeks Several hours
(c)

7.50 –150

pre þ 7.50 –
150 post
(�1–2
episodes)

No No No Dial-in trans-telephonic (delayed on
demand) or when the device is
returned. Local software for
analysis

Daily auto-trigger
Ecg (max
15 min)

Cardiocall/
Reynolds
Esaote

External Few weeks 18 min 30 –16
pre þ 10 –20

post

No No No Dial-in trans-telephonic (delayed on
demand) or when the device is
returned

Super/I-Cardia External Depends on
patient
compliance

2 recordings 40 s þ 40 s
each (�2
episodes)

No No No Trans-telephonic (delayed on
demand) or via Service Centre
(fax, e-mail)

Disposable

Cardio PAL/
Medicomp

External Depends on
patient
compliance

Na No No No Yes via Service Centre (fax, e-mail) AF burden
detection (real
time analyisis)

a, coming soon (not yet available); b, mobile cardiac outpatient telemetry; c, depends on Memory Card capacity.
*Monitoring duration is determined by the battery longevity for implantable devices and by average maximum patients’ compliance for external devices.
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The Task Force has classified and ranked the usefulness or effi-
cacy of the recommended procedure and/or treatments and the
level of evidence as indicated in the tables below:

Classes of recommendations

Class I Evidence and/or general agreement that a given diagnostic
procedure/treatment is beneficial, useful, and effective;

Class II Conflicting evidence and/or a divergence of opinion about
the usefulness /efficacy of the treatment;

Class IIa Weight of evidence/opinion is in favour of usefulness/
efficacy;

Class IIb Usefulness/efficacy is less well established by evidence/
opinion;

Class III Evidence or general agreement that the treatment is not
useful/effective and in some cases may be harmful.

Levels of evidence

Level of Evidence A Data derived from multiple, randomized
clinical trials or meta-analyses

Level of Evidence B Data derived from a single, randomized
clinical trial or non-randomized study

Level of Evidence C Consensus of opinion of the experts and/or
small studies, re-prospective studies,
registries

The Task force was unable to give formal recommendations for
non-established indications, i.e. atrial fibrillation and risk stratifica-
tion, due to the lack of sufficient trial-based evidence. In these
fields, loop recorders remain very interesting research tools.

Part I: Established indications

1. Management (diagnosis and treatment)
of transient loss of consciousness (T-LOC)

Key points for use of ILR and ELR
† Clinical evaluation is enough to establish a likely mechanism of

syncope in the majority of patients
† Exclude high-risk patients, i.e. those with a clear indication for ICD,

pacemaker, or other treatments independent of a definite diagnosis of
the cause of syncope

† Be aware that the pre-test selection of the patients influences the
subsequent findings. Include patients with a high likelihood of
arrhythmic events

† Include patients with a high probability of recurrence of syncope in a
reasonable time period

† Due to the unpredictability of syncope recurrence, be prepared to
wait for a substantial time before obtaining such a correlation

† Your ideal goal should be to obtain a correlation between ECG
findings and syncopal relapse. Weaker end-points are non-syncopal
arrhythmias.

Epidemiology and natural history of syncope (probability
of recurrence of syncope)
Syncope is extremely frequent in the general population and prob-
ably more than 50% of the general population complains of an
episode of T-LOC of suspected syncopal nature during life.
Approximately 30–40% of young adults experience at least one
episode of T-LOC with a peak between the age of 10 and 30
years. T-LOC becomes also increasingly frequent after the age of
60. In the Framingham Heart Study, for example, the incidence
of syncope shows a sharp rise from 5.7 events per 1000 person-
years in men aged 60–69 years to 11.1 in men aged 70–79
years.1 However, only one-third of these subjects present in a clini-
cal setting and an even smaller proportion deserve some special-
ized evaluation. An exhaustive review of this issue can be found
in the recent 2009 ESC guidelines.2

For the purpose of this document, the knowledge of the probabil-
ities of syncope recurrence within the operational duration of the
loop device (in general, 4 weeks for external and up to 3 years
for implantable devices) becomes crucial for an appropriate selec-
tion of the candidates for these diagnostic evaluations. Number of
episodes of T-LOC and their frequency are the strongest predictors
of recurrence. Table 2 provides T-LOC recurrence rates in young
patients (,40 years) without structural heart disease,3 and
Tables 3 and 4 provide the same probability observed in the
pooled population of patients aged .40 years, at low-risk according
ESC classification (see below), who participated in the ISSUE 1 and 2
studies because affected by unexplained syncope or suspected neu-
rally mediated syncope.4–7 Conversely, age, sex, tilt-test response,
severity of presentation,3 and presence or absence of structural
heart disease8 have minimal or absent predictive value on probability
of syncope recurrence and therefore are not useful for the selection
of the patients. However, the presence of structural heart disease
increases the likelihood of documentation of an arrhythmia, which
will have therapeutical consequences.

Implantable loop recorders
Value of implantable loop recorder in diagnosis of syncope
In the initial clinical experience, the ILR was used for diagnosis in
patients with unexplained syncope at the end of unsuccessful full con-
ventional work-up. In a small series of highly selected patients,
symptom–ECG correlation was achieved in 88% of patients within
a mean of 5 months of implantation.8 Pooled data from nine
studies4–6,9–14 for a total of 506 patients with unexplained syncope
at the end of a complete conventional investigation show that a corre-
lation between syncope and ECG was found in 176 patients (35%); of
these 56% had asystole (or bradycardia in few cases) at the time of the
recorded event, 11% had tachycardia, and 33% had no arrhythmia
(Figure 1). In pooled data from seven studies,4–6,10–13 pre-syncope
was much less likely to be associated with an arrhythmia than
syncope raising some concern to be an accurate surrogate for
syncope in establishing a diagnosis (Figure 2). Asystole is only rarely
observed during pre-syncope, suggesting that asystole is quite specific
for syncope. The diagnostic yield of ILR was hampered by the failure to
document a syncopal relapse in further 5 to 9% of the patients (16% of
the events) despite the manual and automatic features of the
device4,6,10 and by false-positive arrhythmia detection even in the
most recent devices.
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The correlation of a specific ECG finding with a spontaneous
syncope can be considered as the gold standard, provided that
this finding is reproducible in different episodes. There are few
data on reproducibility of ILR findings in the literature, mainly

case reports. Pooling data from ISSUE-14,5 and ISSUE-27 studies,
26 patients had at least two syncopal episodes documented by
ILR, 9 of whom due to an arrhythmia: in 25 of these the finding
during the second syncopal episode was the same than that
observed during the first syncope. These data suggest that, in the
vast majority of patients, the presence or absence of an arrhythmia
during the first documented syncope can be considered a diagnos-
tic finding and a therapeutic decision can be taken. However, the
number of observations still remains small and the ISSUE data
cannot be regarded as conclusive.

From the initial experience in patients with unexplained
syncope, it appears that the ILR might become the reference stan-
dard to be adopted when an arrhythmic cause of syncope is sus-
pected but not sufficiently proved to allow an aetiological
treatment. There are several situations in which ILRs were
proved to be useful. These are:

† Unexplained syncope in the presence of detectable cardiac
abnormalities:

(a) Patients with bundle branch block in whom a paroxysmal
AV block is likely despite a negative electrophysiological
evaluation;6,15 in these patients, despite a negative invasive
evaluation, including electrophysiological study, the most
frequent finding is an intermittent AV block, which was dis-
covered by ILR in 63% of the documented events within a
median of 48 days;6 these results were recently confirmed in
the B4 study15 in which an intermittent AV block that was dis-
covered by ILR was found in 71% of the documented events.
Admittedly, however, these patients represented only 33 and
34%, respectively, of the patients undergoing ILR implan-
tation, leaving unresolved the issue of the mechanism of
syncope in those patients who did not have syncopal recur-
rence during the ILR follow-up period;

(b) Patients with definite structural heart disease in whom an
arrhythmia is likely despite a negative cardiological
work-up;5,8,16

(c) Patients with cardioinhibitory carotid sinus hypersensitivity
when the understanding of the exact mechanism of spon-
taneous syncope is needed to guide a specific therapy17

(d) In paediatric patients in whom a cardiac cause of syncope is
suspected due to structural heart disease or electrocardio-
graphical abnormalities;18 in pooled data on 89 patients
from six small series,18 a diagnosis was achieved in 67%
of patients: 33% of these had a bradycardia or asystole at
the time of the recorded event, 23% had tachycardia and
43% had no arrhythmia

† Mechanism likely, but justification of therapy needed: patients
who have a likely diagnosis of neurally mediated syncope after
the initial evaluation, either positive or negative response
during tilt testing, in order to capture an asystolic event when
cardiac pacing would be justified by the severity and unpredict-
ability of symptoms and lack of alternative therapies.7

† Diagnosis of syncope not established, just suspected:

(a) Patients in whom epilepsy was suspected but the treatment
has proved ineffective19 and in patients with established epi-
lepsy in order to detect peri-ictal cardiac arrhythmias that
require treatment;20

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Prognosis of patients with uncertain diagnosis
and low risk >40 years according the number of
syncopes during the previous 2 years

Number of
syncopes
during last 2
years

Risk of recurrence of syncope after the
index episode

Actuarial
risk 1 year
(%)

Actuarial
risk 2 years
(%)

Estimated
risk 4 yearsa

(%)

1–2 22.8 27.5 37.1

3 29.1 35.7 48.9

4–6 43.0 50.8 66.3

7–10 43.2 48.8 59.9

.10 85.6 98.1 100

aAssuming a linear increase.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Prognosis of patients with uncertain diagnosis
and low risk >40 years according the number of
syncopes during life

Number of
syncopes
during life

Risk of recurrence of syncope after the index
episode

Actuarial
risk 1 year
(%)

Actuarial
risk 2 years
(%)

Estimated
risk 4 yearsa

(%)

1–2 15.4 19.7 28.2

3 36.5 41.7 52.2

4–6 37.0 43.8 57.4

7–10 37.5 43.7 56.2

.10 44.3 56.4 80.7

aAssuming a linear increase.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Prognosis of patients <40 years with T-LOC of
suspected syncopal nature (modified from Sheldon and
Rose3)

Number of syncopes
during life

Risk of recurrence of syncope after
the index episode

Actuarial risk 1
year (%)

Actuarial risk 2
years (%)

1 10 10

2 19 29

�3 40 54

�6 43 60

Use of diagnostic implantable and external ECG loop recorders 675



(b) Patients with major depressive diseases and frequent recur-
rent unexplained episodes of LOC in order to exclude an
arrhythmic cause of syncope;16

(c) In older patients with non-accidental falls to establish the
syncopal nature of the event21

Similar findings were observed when ILR was inserted in patients
with unexplained syncope at the end of the conventional
work-up4,9– 12,14 and when ILR was inserted in patients with sus-
pected neurally mediated syncope in an early phase after the
initial evaluation7 (Figure 1). In both cases, a prolonged asystole
(either due to sinus arrest or due to AV block) on average 10–
15 s in duration was the most frequently observed event.

The diagnostic yield was similar in patients with and without
structural heart diseases (including abnormal ECG): 58 vs. 51% in
the study of Solano et al., 10 45 vs. 51% in the study of Pezawas

et al.16 and 39 vs. 50% in the study of Pierre.14 While patients
with and without structural heart disease had similar incidence of
syncope recurrence, its mechanism was different: patients with
structural heart disease more frequently had paroxysmal AV
block and tachyarrhythmias and patients without structural heart
disease more frequently had sinus bradycardia/sinus arrest or no
arrhythmia; on the other extreme, the patients with major
depressive diseases only seldom showed arrhythmic events.16

More patients with structural heart disease finally received an ILR-
guided therapy.

The diagnostic yield was higher in the older patients. In one
study,22 the patients aged .65 years had a 2.7 higher syncope
recurrence rate (56 vs. 32%) than those aged ,65 years, and
were 3.1 more times likely to have an arrhythmia at time of
syncope (44 vs. 20%). An increased incidence of bradycardia
with advancing age was also noted by Krahn et al.23

Solano et al.8 estimated that about 28% of patients with unex-
plained syncope at the end of a conventional work-up (which cor-
responds to 5% of all patients referred for evaluation to a tertiary
syncope facility) ultimately have an indication for ILR implantation;
the corresponding need for ILR implantation in the general popu-
lation was estimated to be 34 per million inhabitants/year. If we add
this estimate to the new ILR indication for ISSUE-like patients (i.e.
those affected by suspected neutrally-mediated syncope, history of
recurrent syncope beginning in middle or older ages and frequent
injuries),7 the need for ILR implantation could probably increase to
about 135 per million inhabitants/year.

The diagnostic value of non-syncopal episodes documented by
implantable loop recorder
This issue is of practical importance, since a good correlation with
the index syncope would allow the use of non-syncopal documen-
ted events, either pre-syncopal or asymptomatic, as surrogate end-
points predictive of the mechanism of syncope, to increase the

Figure 1 Diagnostic yield in patients with unexplained syncope and implantable loop recorder inserted at the end of conventional work-up
and in patients with suspected neurally mediated syncope and implantable loop recorder inserted early after initial evaluation. The vast majority
of asystole/bradycardia episodes were asystole.

Figure 2 ECG findings at the time of pre-syncopal events.
Compared with syncopal events, many more non-arrhythmic
events were observed. The vast majority of asystole/bradycardia
episodes were bradycardic.
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diagnostic yield, and/or to anticipate treatment without waiting for
documentation of a syncopal episode.

Few studies correlate syncopal with non-syncopal episodes within
the same patient in order to evaluate the positive predictive value of
the finding of a non-syncopal episode. In the study of Krahn et al., 24

the six patients with an arrhythmia during pre-syncope (bradycardia
in four patients and tachycardia in two) also had the same arrhythmia
during syncope; on the contrary, discordant findings were found in
three patients without arrhythmia during pre-syncope who had an
arrhythmia when they experienced a syncopal attack. Similarly, in
the ISSUE 2 study,25 of the 32 patients with non-syncopal episodes,
9 patients had an arrhythmia (defined as asystole .3 s or tachyar-
rhythmia �160 bpm lasting �32 bpm) and all of them had the
same arrhythmia during the index syncope; on the contrary, discor-
dant findings were found in 7 (30%) of 23 patients without arrhyth-
mia during non-syncopal episodes who had a significant arrhythmia
during the index syncope.

A low predictive value was also observed with non-syncopal
sinus bradycardia (that classified as type 2 in the ISSUE classifi-
cation). In the Krahn study,26 among four patients with bradycardic
asymptomatic events, two had prolonged asystole at the time of
symptomatic events and the other two had absence of any arrhyth-
mia. In the ISSUE-2 study,25 among 11 patients with bradycardic
non-syncopal events, only 5 (45%) had a bradycardic syncope (2
bradycardic and 3 asystolic syncope) whereas the remaining had
no bradycardia at the time of the index syncope.

To summarize, the absence of a significant arrhythmia (including
sinus bradycardia) during non-syncopal episodes (either sympto-
matic or asymptomatic) has a low predictive value for the diagnosis
of the mechanism of syncope. In contrast, the presence of an asys-
tole or a primary tachyarrhythmia, either patient-activated or
asymptomatic (automatically activated), usually predicts the mech-
anism of syncope, reinforcing the strategy of considering these
non-syncopal arrhythmias as diagnostic findings. The meaning of
these findings is in accordance and reinforced by similar con-
clusions made with other forms of prolonged ECG monitoring
and reported in current guidelines.2,27 Using the criteria of an asys-
tole .3 s or a primary tachyarrhythmia �180 bpm lasting �32
beats, in the ISSUE 2 study the diagnostic yield would have
increased by 9% (from 26 to 35%) (M. Brignole, personal com-
munication) and diagnosis would have been anticipated on
average by 137 days in respect of diagnosis made by documen-
tation of syncope.25 Admittedly, this task force underlines that
these cut-off for asystole and tachycardia are both largely arbitrary.

Technical aspects
Although auto-activation feature increases the diagnostic yield, this
feature can be compromised by the detection of false arrhyth-
mias28,29 and the missed detection of true arrhythmias.30,31 Docu-
mented causes of false arrhythmia storage in ILRs include
undersensing related to sudden reductions in R-wave signal ampli-
tude during both normal sinus rhythm32 and arrhythmias,31 under-
sensing by transient loss of ECG signal related to device amplifier
saturation,29 T-wave28 and myopotential.28 A systematic analysis of
a large series of 2613 previously recorded, automatically detected
episodes from 533 patients with the Reveal Plus model showed
that a total of 71.9% of episodes were inappropriately detected

by the original ILR, and at least 88.6% of patients had one or
more inappropriate episodes.33 Even if most of these misdetec-
tions can easily be recognized, they can potentially determine mis-
diagnosis with consequent administration of useless therapies. The
prevalence of misdiagnosis is unknown. Corresponding data con-
cerning the new generations of ILR are still missing. However,
avoidance of misdetection is clearly a priority of research.

Finally, like all implanted devices, ILRs also carry the risk of
pocket infections that resolve with device explantation. This com-
plication, which can occur either in the periprocedural phase or
late during the follow-up, was reported in a percentage of 1 to
5% of the patients.7,10

Classification of responses
Because of the heterogeneity of findings and the wide variety of
rhythm disturbances recorded with the ILR at the time of syncope,
the ISSUE investigators have proposed a classification that groups
the observations into homogeneous patterns in order to define an
acceptable standard, useful for future studies and clinical practice
(Table 5).34 Type 1 (asystole) was the most frequent finding that
was observed in 63% of patients; type 2 (bradycardia) was observed
in 5% of patients; type 3 (no or slight rhythm variations was observed
in 18% of patients); and type 4 (tachycardia) was observed in 14% of
patients. This classification has become widely used and validated by
others.16,35,36 The ISSUE classification has some pathophysiological
implications, which are helpful to distinguish different types of
arrhythmic syncope and have potentially different diagnostic, thera-
peutic, and prognostic implications. In types 1A, 1B, and 2, the find-
ings of progressive sinus bradycardia, most often followed by
ventricular asystole due to sinus arrest, or progressive tachycardia
followed by progressive bradycardia and, eventually, ventricular asys-
tole due to sinus arrest, suggest that the syncope is probably neurally
mediated. In type 1C, the finding of prolonged asystolic pauses due to
sudden-onset paroxysmal AV block with concomitant increase in
sinus rate suggests another mechanism, namely intrinsic disease of
the His–Purkinje system as observed in Stokes–Adam attacks. In
types 4B, 4C, and 4D, a primary cardiac arrhythmia is typically
responsible for syncope. In the other types, in which no arrhythmia
is detected, the exact nature of syncope remains uncertain because
of the lack of contemporary recording of blood pressure; however,
the finding of progressive heart rate increase and/or decrease at the
time of syncope suggests a (primary or secondary) activation of the
cardiovascular system and a possible hypotensive mechanism.

ILR in syncope: where in the workup?
In the initial experience, the ILR was used as last resort in the
evaluation of syncope after all investigations were negative.
However, several studies have shown a poor correlation
between the responses of tilt testing,4,37,38 ATP test36– 38 and elec-
trophysiological study,6,15 and the ECG observation at the time of
spontaneous syncope (the reference standard). In other words, the
poor sensitivity and specificity of some of the most important tests
for diagnosis raise concern on their real utility in the diagnostic
work-up. Given the limited diagnostic value of short-term ECG
monitoring (Holter, external loop recorder),27 several investi-
gators have proposed an early usage of the ILR soon in an initial
phase of the diagnostic work-up.
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One study39 randomized 60 patients with unexplained syncope
to ‘conventional’ testing with external loop recorder and tilt and
electrophysiological testing or to prolonged monitoring with the
ILR. The results were that a strategy of implantation of the loop
recorder in an initial phase of the work-up is more likely to
provide a diagnosis than conventional testing (52 vs. 20%) during
a 12-month follow-up period. However, patients at high risk of life-
threatening arrhythmias, as were those with an ejection fraction of
,35%, were excluded. These results were confirmed in the East-
bourne Syncope Assessment Study40 in 201 patients who, follow-
ing a basic clinical work-up, were randomized to receive the ILR or
conventional investigation and management. The ILR group
patients had a 6.5 higher probability of achieving a diagnosis
when compared with the conventional group (43 vs. 6%) during
a follow-up of 17 months. There were eight deaths in the ILR
and nine in the conventional group. An early ILR implantation
immediately after the initial evaluation was also performed in the
ISSUE 2 study in 392 patients with suspected neurally mediated
syncope.7 Patients with severe structural heart disease were
excluded. A diagnosis was achieved in 26% of the patients during
a median follow-up of 9 months. During the study period, seven
patients died, none of these due to arrhythmic causes (two due
to strokes and five due to non-cardiovascular). Severe trauma sec-
ondary to syncope relapse occurred in 2% and mild trauma in 4%.

In conclusion, all the above studies showed that early ILR implan-
tation can be safely performed in the initial phase of the diagnostic
evaluation, provided that patients at risk of life-threatening events
are carefully excluded. According to the guidelines of syncope of
the European Society of Cardiology,2,27 the patients at risk who
require immediate hospitalization and intensive evaluation can be
identified after the initial evaluation (Table 6). In particular:

† the patients with an established indication for implantable
cardioverter-defibrillator (ICD) implantation according to
guidelines (6) should receive this therapy upfront. The monitor-
ing function of the defibrillator can subsequently be used to
study the mechanism of syncope.

† the patients with previous myocardial infarction and non-
sustained ventricular tachycardia should undergo an electro-
physiological study, which includes premature ventricular
stimulation; ILR should be considered only at the end of a nega-
tive complete work-up;

† the patients with clinical or electrocardiographic features that
suggest an intermittent bradycardia should undergo in-hospital
prolonged telemetric monitoring and eventually an electro-
physiological evaluation; ILR should be considered at the end
of a negative complete work-up.

When these risk features are absent, an ILR strategy can safely be
undertaken in the patients at risk for arrhythmic syncope who have
a severe presentation of syncope (because of high risk of trauma or
high frequency of episodes) which can benefit of a mechanism-
specific therapy. In the less severe forms, clinical evaluation is suffi-
cient to establish a likely mechanism of syncope in the majority of

Table 6 Short-term high-risk criteria that require
immediate hospitalization or early intensive evaluation
as appropriate (according ESC guidelines on syncope2)

† Situations in which there is a clear indication for ICD or pacemaker
treatment independently of a definite diagnosis of the cause of
syncope according to recent ICD/CRT guidelines

† Severe structural cardiovascular or coronary artery disease (heart failure
or low ejection fraction or previous myocardial infarction)

† Clinical or ECG features suggesting an arrhythmic syncope:

–Syncope during exertion or supine
–Palpitations at the time of syncope
–Family history of sudden death
–Non-sustained ventricular tachycardia
–Bundle branch block (QRS duration �0.12 s)
– Inadequate sinus bradycardia (,50 bpm) or sinoatrial block in

the absence of negatively chronotropic medications except
physically-trained person

–Pre-excited QRS complexes
–Prolonged or short QT interval
–Right bundle branch block pattern with ST-elevation in leads V1–

V3 (Brugada syndrome)
–Negative T waves in right precordial leads, epsilon waves, and

ventricular late potentials suggestive of arrhythmogenic right
ventricular dysplasia

† Important comorbidities (severe anaemia, electrolytic disturbance,
etc)

Table 5 The ISSUE classification of ECG-documented
spontaneous syncope

† Type 1, Asystole. RR pause �3 s.

(a) Type 1A, Sinus arrest:
–Progressive sinus bradycardia or initial sinus tachycardia

followed by progressive sinus bradycardia until sinus
arrest.

(b) Type 1B, Sinus bradycardia plus AV block
–Progressive sinus bradycardia followed by AV block (and

ventricular pause/s) with concomitant decrease in sinus
rate

–Sudden onset AV block (and ventricular pause/s) with
concomitant decrease in sinus rate

(c) Type 1C, AV block
–Sudden onset AV block (and ventricular pause/s) with

concomitant increase in sinus rate

† Type 2, Bradycardia. Decrease of heart rate .30% or ,40 bpm
for .10 s.

(a) Type 2A. Decrease of heart rate .30%
(b) Type 2B. Heart rate ,40 bpm for .10 s.

† Type 3, No or slight rhythm variations. Variations of heart rate
,30% and heart rate .40 bpm.

(a) Type 3A. No variation or ,10% variation in heart rate
(b) Type 3B. Increase in heart rate .10% but ,30% and

,120 bpm; or, decrease .10% but ,30% and .40 bpm

† Type 4, Tachycardia. Increase of heart rate .30% and heart rate
.120 bpm.

(a) Type 4 A. Progressive sinus tachycardia
(b) Type 4 B. Atrial fibrillation
(c) Type 4 C. Supraventricular tachycardia (except sinus)
(d) Type 4 D. Ventricular tachycardia.
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patients and no further investigation is usually necessary. Patients at
low risk for arrhythmic syncope are not candidates for ILR moni-
toring. Although the estimation of the usefulness of ILR implan-
tation is largely individual, as a general rule, ILR is not indicated
when the probability of syncope recurrence during the longevity
of the battery is low (see Tables 2–4) and when the knowledge
of a precise ECG–symptom correlation is not required for thera-
peutical decisions.

A schematic flow chart is provided in Figure 3. The rec-
ommended indications and diagnostic criteria are summarized in
the proper section.

Therapy guided by implantable loop recorder
Little is known about the outcomes after ILR-guided specific therapy.

In the Eastbourne Syncope Assessment Study,40 performed on
a typical unselected population, the patients randomized to ILR
management demonstrated an increased diagnostic rate and
ECG-directed treatments than conventional investigation group.
Despite a specific ECG-directed therapy could only be used to
a minority of patients, the long-term follow-up demonstrated a
significant reduction in syncopal events with improved quality
of life.

Since prolonged asystole is the most frequent finding at the
time of syncope recurrence, cardiac pacing is the specific
therapy most used in ILR population. In the initial ILR experience,
bradycardia leading to pacemaker implantation was detected in
17% of 206 patients undergoing ILR insertion.10 In pooled data
of 1011 ILR patients from eight studies,4 –6,14,17,23,35,40 a pace-
maker was implanted in 184 (18%) of patients (50% of those
who had had an ILR documented syncope). This rate ranged
from 12% in patients with suspected neurally mediated
syncope7 to 44% in the patients with a baseline bundle branch

block.6 Few data are available on the subsequent outcome. In
general, ILR-guided cardiac pacing reduces syncope burden in
patients with asystole, but does not prevent all syncopes. ILR
does not alter the course of non-arrhythmic syncope. In the
ISSUE 2 study,7 the 1-year burden of syncope decreased from
0.83+ 1.57 episodes per patient/year in the control group of
patients without any ILR-guided specific therapy to 0.05+0.15
episodes per patient/year in the patients treated with a pacemaker
(87% relative risk reduction, P ¼ 0.001). In the study of Sud et al.,
35 after the insertion of a cardiac pacemaker, syncope burden
decreased from 2.17 per year to 0.45 per year in patients with
1A or 1B ECG pattern of the ISSUE classification (P ¼ 0.02)
and from 4.57 per year to 0 per year in the type 1C syncope
(P ¼ 0.001) patients.

In pooled data of 799 ILR patients from seven studies,4–6,8,14,17,40

an ICD and radiofrequency catheter ablation were also consistently
used in 1 and 1% of the patients who had had ILR-documented
ventricular and atrial tachyarrhythmias, respectively. Antiarrhythmic
drugs were finally used in rare cases in patients with paroxysmal
atrial fibrillation and flutter.

External loop recorders
The major limitation of ELRs for diagnosis of unpredictable and
infrequent symptoms such as syncope is that the patients must
wear continuously external electrodes in order to activate loop
memory. The ELR appears to have its greatest role in motivated
patients with frequent (pre)-syncopes where spontaneous symp-
toms are likely to recur within 4–6 weeks. This time frame is
usually the maximum that a patient can comply; shorter duration
yield lower diagnostic yield.41 ELR can also be used if the clinical
presentation suggests that documenting an ECG during pre-
syncope will elucidate the mechanism of syncope. Indications are

Figure 3 Implantable loop recorder in the work-up of transient loss of consciousness (T-LOC).
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similar to those for ILRs but the patient selection depends on the
knowledge of the probability of recurrence (see Epidemiology and
natural history). Also diagnostic criteria are the same as for ILRs.

In randomized comparison studies, ELRs proved to yield a higher
diagnostic value than conventional evaluation or Holter monitor-
ing42,43 but lower than ILRs.39

Since true syncope usually recurs unpredictably over months or
years, the indications for ELR are limited to few selected patients
with high probability of recurrence in a very short time. The diag-
nostic yield in such patients is even quite low. In one study,44

among 24 patients with a mean of three episodes during the pre-
vious 6 months and no structural heart disease, only 1 syncopal
episode could be recorded by ELR which showed sinus tachycar-
dia. In another study,45 among 57 patients with a median of 10 syn-
copes during last year, a diagnosis was made in 25%, a significant
arrhythmia being diagnosed in 5 (9%).

External loop recorders proved to be more useful when fre-
quent pre-syncopal symptoms were considered in addition to
true syncopal episodes and less specific positivity criteria are
used, mainly in order to exclude an arrhythmic cause of symptoms.
For example, in COLAPS trial,43 an ECG–symptom correlation
was found in 44 of 78 patients (56%), but an arrhythmia was ident-
ified in only 1 patient whereas it could be excluded in the other 43.
In a multicenter study,45 a symptom–arrhythmia correlation was
found in 15% and symptom–absence of arrhythmia correlation
was found in another 25% of 51 patients; these rates were 27
and 14%, respectively, when an auto-trigger MCOT device was
used in another 62 patients.

With the new auto-triggered devices, a lot of asymptomatic
tachy-arrhythmias are usually recorded.46 It should be stressed
that, in absence of study of correlation with syncopal events,
their positive predictive value is unknown, and monitoring should
be continued until diagnosis is confirmed by symptom documen-
tation whenever possible.

Recommendations

Indications for ILRs and ELRs in patients with syncope

ILRs

Class I. ILR is indicated:
† In an early phase of evaluation of patients with recurrent syncope of

uncertain origin who have:

–absence of high-risk criteria that require immediate hospitalization
or intensive evaluation, i.e. those listed in the Table 5; and

–a likely recurrence within battery longevity of the device (Level of
evidence A)

† In high-risk patients in whom a comprehensive evaluation (that listed
in Table 5) did not demonstrate a cause of syncope or lead to specific
treatment (Level of evidence B)

Class II A. ILR may be indicated:
† To assess the contribution of bradycardia before embarking on

cardiac pacing in patients with suspected or certain neurally mediated
syncope presenting with frequent or traumatic syncopal episodes
(Level of evidence B)

Class II B. ILR may be indicated:
† In patients with T-LOC of uncertain syncopal origin in order to

definitely exclude an arrhythmic mechanism (Level of evidence C)

ELRs

Class IIA. ELRs may be indicated in patients with recurrent (pre)syncopes
who have:

– inter-symptom interval of �4 weeks, and
–suspicion of arrhythmic origin and
–absence of high-risk criteria that require immediate

hospitalization or intensive evaluation, i.e. those listed in Table 5
(Level of evidence B)

Interpretation of ILR and ELR findings in patients with syncope

Class I
† ILR and ELR findings are diagnostic when:

–a correlation between syncope and an arrhythmia (brady- or
tachyarrhythmia) is detected (Level of evidence B)

– in the absence of such correlation, periods of Mobitz II or III
degree AV block or a ventricular pause .3 s (with possible
exceptions for young trained persons, during sleep, medicated
patients or rate-controlled atrial fibrillation), or rapid
prolonged (i.e. �160 bpm for .32 bpm) paroxysmal
atrial or ventricular tachyarrhythmias are detected (Level
of evidence C)

† ILR and ELR findings exclude an arrhythmic cause when there is
no correlation between syncope and rhythm variation (Level of
evidence B).

Class III. ILR and ELR findings are not diagnostic and monitoring should
be continued in case of:
† Pre-syncope without any relevant arrhythmias as those listed above

(Level of evidence C).
† Asymptomatic arrhythmias (other than those listed above) (Level of

evidence C).
† Sinus bradycardia (in absence of syncope) (Level of evidence C)

Note: This task force recognizes that, in real world practice, there is
occasionally the need to make a therapeutic decision with weaker
diagnostic criteria. Physicians should be aware that effectiveness of
therapy is not well documented in such cases.

2. Diagnosis of undocumented
palpitations

Key points for use of ILR and ELR
† ELRs are much more useful for palpitations than for syncope

evaluation
† ILRs consequently are less frequently indicated
† Event records may be useful only when symptoms last enough to

allow the patient to activate the recorder
† The diagnostic value of loop recorders is higher than Holter.

The rationale for loop monitoring in patients with
undocumented palpitations
Palpitations represent a very common symptom for which people
search medical attention.47–49 They may be due either to cardiac
arrhythmias (ranging from single premature atrial and ventricular
beats to sustained atrial and ventricular tachyarrhythmias) or to
sinus tachycardia related to non-cardiac reasons, such as anxiety, psy-
chiatric disorders, fever, anaemia, drug effects, hyperthyroidism, and
so on. In several cases, especially in patients with infrequent symp-
toms, a diagnosis is difficult to establish in spite of careful clinical evalu-
ation that includes standard ECG and Holter monitoring.50 The
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usefulness of event recorders, which are positioned or activated by the
patient immediately after symptom onset, is hampered by the fact that
they are unable to detect the mechanism of onset of episodes, the
short-lasting episodes and by the lack of automatic detection.

Although the nature of palpitations remains unexplained
(‘unexplained palpitations’), a correlation between symptoms
and ECG findings can still be warranted by the usage of ELR
and ILR.

Many patients with palpitations can be managed on out-patient
basis. However, high-risk patients may need aggressive interven-
tions, including hospitalization and invasive tests to rule out life-
threatening arrhythmias. High-risk criteria are summarized in
Table 6 (see section on syncope). On the other hand, some
patients with rare and well tolerated symptoms and no underlying
cardiac disease can be reassured and followed without further
tests even if a final diagnosis cannot be reached. Therefore, the
patients at low risk with frequent and / or severe symptoms are
the best candidates for loop recorders.

The diagnostic value of external loop recorder
They are superior to Event Recorders, since they are capable of
recording retrospective and prospective ECG activated by the
patient. Furthermore, they allow automatic recording of asympto-
matic arrhythmias. Since continuous maintenance is required, con-
tinuous monitoring cannot be carried out for more than 4 weeks.
Accordingly, patients with weekly recurrence of short-lasting palpi-
tations represent the ideal candidates.51– 56 Of course, ELR can be
used intermittently for a longer time, as well as event recorders,
when the duration of palpitation is long enough to allow the appli-
cation of the device by the patient immediately after symptom
onset. In clinical studies in which patients with at least weekly
recurrence of palpitations, ELRs as well as event recorders
showed a consistent diagnostic power of 66–75%, superior to
that of conventional Holter monitoring.52,57 – 62 Owing to the
nature of short-lasting palpitations in low-risk patients, the most
frequent findings are atrial and ventricular premature beats and
atrial tachyarrhythmias; ventricular tachycardia and pauses are
less frequently encountered.

Since palpitations recur more frequently than syncopes, ELRs are
much more useful for palpitation than for syncope evaluation. In a
consecutive series of 125 patients affected by recurrent
palpitations, pre-syncope, or syncope, all with an inter-symptom
interval of �4 weeks, ELRs were applied in 86, 8, and 6% of cases,
respectively.62 However, the ECG–symptom correlation rate was
similar in those with palpitations, pre-syncope, and syncope.

The diagnostic value of implantable loop recorder
Implantable loop recorders, due to their invasive nature and costs,
play a minor role in patients with recurrent unexplained palpitations
when compared with those with syncope. They may be implanted in
patients with infrequent palpitations (less than monthly) associated
with haemodynamic impairment when all other tests result incon-
clusive. Few studies are available on the use of ILR in patients with
unexplained palpitations.63 In the RUP (Recurrent Unexplained Pal-
pitations) study, 50 patients were enrolled with infrequent (�1
episode/month) and sustained (.1 min) palpitations. Patients
were randomized either to conventional strategy (24 h Holter
recording, a 4-week period of ambulatory ECG monitoring with
an external recorder, and electrophysiological study), or to ILR
implantation with 1-year monitoring. A diagnosis was obtained in
5 patients in the conventional strategy group and in 19 subjects in
the ILR group (21 vs. 73%, P , 0.001). Despite the higher initial
cost, the cost per diagnosis in the ILR group was lower than in the
conventional strategy group.63 After a diagnosis was reached,
patients were followed up for at least 12 months. Palpitations
were completely eliminated in 22 patients with arrhythmic diagnosis
treated with ablation, pacemaker, or drugs.

The main advantages, drawbacks, and indications for Event
Recorders, ELR, and ILR are summarized in Table 7.64

Interpretations of external loop recorder and implantable
loop recorder findings
As for syncope, the gold standard for loop recorder use is the corre-
lation between ECG recordings and symptoms. The specificity of the
technique is high when an arrhythmia is documented during symp-
toms. Normal sinus rhythm during palpitations excludes an
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Table 7 Comparative advantages, drawbacks and indications for event recorders, ELR and ILR (modified from Giada
et al.63)

Event recorders ELR ILR

Advantages Low cost; easy to use Retrospective and prospective ECG
records; possibility to record
asymptomatic arrhythmias automatically

Retrospective and prospective ECG records;
quite good ECG records; monitoring
capability up to 36 months; possibility to
record asymptomatic arrhythmias
automatically

Drawbacks Short-lasting arrhythmias are not recorded;
arrhythmic triggers are not revealed;
poor ECG records

Monitoring cannot be carried out for more
than 3–4 weeks; continual maintenance
is required; devices are uncomfortable;
quite poor ECG recordings

Invasiveness; risk of local complications at the
implantation site; higher cost

Indications Compliant patients; infrequent and fairly
long-lasting palpitations unaccompanied
by haemodynamic impairment that is
likely to hinder use of the device.

Weekly short-lasting palpitations associated
to haemodynamic impairment, in very
compliant patients

Monthly palpitations associated with
haemodynamic impairment; when all
other investigations result inconclusive

Use of diagnostic implantable and external ECG loop recorders 681



arrhythmic cause. The sensitivity of loop recorders is extremely vari-
able and strongly depends on several factors that include monitoring
technique and duration, frequency of symptoms, and patient
compliance.

Recommendations

Indications for ILRs and ELRs in patients with undocumented
palpitations

Class I: ELRs are indicated in patients with recurrent palpitations,
undocumented by conventional ECG techniques, who have:
inter-symptom interval ,4 weeks and absence of high-risk criteria
(Table 6), which require immediate hospitalization or intensive
evaluation (Level of evidence B)

Class IIA: ILRs may be indicated in selected cases with severe infrequent
symptoms when ELRs and other ECG monitoring systems fail to
document the underlying cause (Level of evidence B).

Interpretation of ILRs and ELRs findings in patients with
undocumented palpitations

Class I

† ILR and ELR findings are diagnostic when a correlation between
palpitation and an arrhythmia is detected (level of evidence B)

† ILR and ELR findings exclude an arrhythmic cause when there is
no correlation between palpitation and rhythm variation (level of
evidence B)

Class II

The outcome of asymptomatic arrhythmias remains uncertain.

Note: This task force recognizes that, in real world practice, there is
occasionally the need to make a therapeutic decision with weaker
diagnostic criteria. Physicians should be aware that effectiveness of
therapy is not well documented in such cases.

Part II: Non-established
indications

3. Atrial fibrillation: therapy guided by
loop recorder observations

Key points
† There is a poor correlation of symptoms with atrial fibrillation (AF),

especially after rhythm control therapy is started, which makes
subjective evaluation of the effect of any therapy unreliable

† There are two main potential reasons for accurate arrhythmia
monitoring: in clinical practice to determine the efficacy of rhythm
control therapy; in rhythm control trials when freedom from AF is the
outcome parameter

† Owing to the unpredictable nature of recurrences, AF is significantly
underdetected by intermittent monitoring systems

† Continuous monitoring by implantable devices further increases
the detection of AF, but it is hampered by misdetections and
artefacts.

† Technological improvements are required for significant reduction
of maldetection. Manual analysis can improve diagnostic yield if
stored electrograms are provided. The results of some on-going
studies with new generation devices are awaited

† The clinical relevance of Loop Recorders to guide medical and device
therapy has yet to be demonstrated

The rationale for ECG monitoring in atrial fibrillation
patients
While sophisticated techniques are usually not required for rate
control therapy of AF, ECG monitoring plays the key role in asses-
sing the efficacy of rhythm control therapies. Indeed, in contrast to
rate control, the efficacy of rhythm control therapy is more chal-
lenging to evaluate. We have learned that the distribution and dur-
ation of AF recurrences are often clustered and do not show a
random pattern.65,66 Furthermore, there is a poor correlation of
symptoms with arrhythmia67–71 (Figure 4). AF often recurs
without clinical signs or symptoms, even in previously symptomatic
patients. In some patients, palpitations due to extra beats or sinus
tachycardia may lead to misinterpretation and overestimation of
AF recurrence. Rhythm control therapy itself may modify the per-
ception of the arrhythmia. In antiarrhythmic drug therapy as well as
in catheter ablation, the number of asymptomatic AF episodes was
found to increase during follow-up and previously symptomatic
patients became asymptomatic despite further AF recurrences.71

There are two main potential reasons for a close arrhythmia
monitoring:

† In rhythm control trials, the precise determination of freedom
form AF is a crucial outcome parameter and a prerequisite
for establishing new therapeutic strategies.66

† From a clinical point of view, it is desirable to correlate symp-
toms with corresponding ECG findings especially when the
nature of symptoms is multifactorial. Other potential indications
are the screening for asymptomatic AF in patients prone to
AF-related complications and the evaluation of the efficacy of
the rhythm control therapy; however, the clinical relevance of
these therapeutic indication (for example, continuation of antic-
oagulation therapy after AF ablation) has yet to be demon-
strated. Some recent studies72,73 suggest that the
thrombo-embolic risk is influenced by the presence of AF and
duration. In one study,72 AF lasting .24 h, but not AF ,24 h,
was independently associated with embolic risk. Another
study73 suggests that the thrombo-embolic risk estimated by
CHADS 2 score can be further tuned by combining AF pres-
ence/duration. Two subpopulations with markedly different
risks of events (0.8 vs. 5%) were identified, the former corre-
sponding to AF duration of ,5 min with CHADS 2 score �2,
or AF duration from 5 min to 24 h with CHADS 2 score �1,
or AF duration .24 h with CHADS 2 score ¼ 0.

Assessment of rhythm can be conducted with continuous
(implanted devices) or intermittent monitoring. Intermittent moni-
toring includes resting ECG, Holter (24 h to 7 days), and event
recorders with or without loop memory.

Intermittent atrial fibrillation monitoring
It is well established that the likelihood of detecting symptomatic
as well as asymptomatic AF increases with the duration of the moni-
toring period. Extending the duration of Holter recordings from 24 h
to 7 days clearly enhanced the sensitivity of diagnosing recurrent AF.74

Another approach is the use of the event-recorder for routine
daily ECG recording plus additional recording during times of
perceived symptoms. Thus, both asymptomatic and symptomatic
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AF episodes may be detected. Most systems transmit the ECG
via telephone or internet while some others store the data
on a memory card. The device is not attached to the body at
all times and is held only against the chest for the ECG record-
ing time of 30–60 s. The easy handling of the device makes it
feasible for long follow-up periods that are required to assess
AF. A disadvantage of the event recorder is its inability to
provide information on the duration of single AF episodes.
However, for detection of AF recurrences, 1 min daily transte-
lephonic monitoring yields similar detection rates as regular
24 h/month Holter ECG monitoring.69,71,75 Therefore, the
current consensus statements on rhythm control therapy in
AF66,76,77 recommend to detect asymptomatic AF by regular
1–7 day Holter monitoring or daily event-recorder-based
ECG recording. In addition, symptomatic patients should be
evaluated with an event recorder. However, using this tech-
nique, one has to accept that with the above-mentioned moni-
toring intensity, no more than about 70% of all AF recurrences
will be detected.74,78

External loop recorder is ideal for capturing brief episodes of
arrhythmias when it takes too long to apply an event recorder
or for capturing ECG recordings of episodes that are associated
with incapacitating symptoms such as syncope. ECG recording is
triggered automatically according to the implemented arrhyth-
mia detection algorithm or triggered manually by the
patient. ELRs require permanent attachment of adhesive electro-
des on the skin for activation of the loop memory. This
appears to be tolerated only by highly motivated patients for
a limited period of time, usually 1 week with a maximum of 4
weeks.79 Previous studies have indicated that reporting compli-
ance is poor when patients are asked to use ELRs for too
long.80 Such a limited recording period, however, is not
adequate for long-term follow-up of rhythm control therapy in
patients with AF. Thus, the ELR plays no major role for

this purpose. However, in single patients, the ELR may help to
correlate symptoms with recurrences of AF over a short
period of time.

Continuous atrial fibrillation monitoring
Previous experience with continuous AF monitoring is derived
from analysis of data stored in implantable devices such as pace-
makers and ICDs equipped with an atrial lead. They allow assess-
ment of AF burden by tracking the number and duration of AF
episodes. AF episodes irrespective of their duration or associated
symptoms can be detected. Analysis of pacemaker stored data has
shown that intermittent Holter recording compared with continu-
ous pacemaker AF monitoring significantly underestimates AF
recurrence rate after AF ablation procedure. However, the
reliability of the counter data depends on the correct detection
of AF. Atrial oversensing due to far-field sensing and atrial under-
sensing may complicate interpretation of AF onsets, number and
duration of AF episodes. In an analysis of AF onset scenarios,
37% of AF onset recordings had to be excluded from analysis
due to false-positive or -negative AF detection.81 Therefore, tech-
nical improvements are required for significant reduction of AF
misdetection. Nevertheless, only continuous monitoring is able
to elucidate the full amount of symptomatic and asymptomatic
AF episodes. An estimation of the correlation between follow-up
strategy and the rate of AF detection has been proposed by
Arya70 (Figure 5). A recent study73 comparing intermittent with
continuous monitoring by implanted pacemakers showed that
one-third of AF episodes would have been lost with 1 month
Holter monitoring. Certainly, this most accurate way of evaluating
AF recurrence is available only in the limited number of pacemaker
or ICD patients.

Implantable loop recorders play a major role in patients with
infrequent symptoms and suspected arrhythmias. The device
opens an emerging field of broader monitoring of heart rhythm

Figure 4 A schematic representation of a ‘Complaints Table’ during a 7-day Holter recording. There is a poor correlation between the
reported symptoms and documented episodes of AF (from Arya70).

Use of diagnostic implantable and external ECG loop recorders 683



and physiological changes. Its first use in AF patients intended to
analyse initiating mechanisms of AF.82,83 In an investigational study
of 29 paroxysmal AF patients, 105 of 318 (33%) patient-activated
AF episodes were suitable for analysis, showing a broad variability
of onset patterns in most patients. As in pacemaker studies, a sig-
nificant incongruity between symptoms and electrocardiographic
AF episodes was found.83 A number of ECG recordings had to
be excluded from analysis due to electromyographic artefacts.
The main limitation of the first device models is a lack of auto-
matic AF detection algorithms that makes determination of
asymptomatic AF and total AF burden impracticable. Therefore,
the ILR played so far no role in guiding AF therapy. The latest
model of the ILRs (see Table 1) provides automatic AF detection
software based on rhythm (ir-)regularity. Further investigations
like the ongoing XPECT study have to evaluate the capability
of this surface-ECG-based device to reliably detect AF. This mul-
ticenter prospective trial compares AF detection of the Reveal
XT ILR with 48 h Holter monitoring. In cryptogenic stroke
patients, the CRYSTAL-AF study is designed to determine the
incidence of AF detected by the ILR compared with standard
of care.

4. Implantable loop recorder in risk
stratification

Key points:
† Asymptomatic arrhythmias and especially high-degree AV block are

relatively frequent among post-MI patients with depressed LV
function and patients with AV-block have a high risk of death.

† ILRs are useful tools for clinical research and epidemiology of cardiac
arrhythmias

† The clinical usefulness of ILR to guide medical and device therapy in
patients surviving myocardial infarction has yet to be demonstrated

† ILRs have a potential role in identifying the correlation between
symptoms and suspected ventricular tachyarrhythmia in selected
high-risk patients affected by Brugada ECG pattern, long or short QT,
hypertrophic cardiomyopathy, and arrhythmogenic right ventricular
dysplasia.

Previous myocardial infarction
Current clinical usage and research using ECG loop recorders has
mostly been focused on symptomatic patients, especially patients
with syncope, aimed at documenting the arrhythmic origin of infre-
quently occurring symptoms. The ILR also offers a research tool
for diagnosing arrhythmias in certain asymptomatic pre-specified
patient groups. Cardiac Arrhythmias and Risk Stratification after
Acute Myocardial Infarction (CARISMA) study84 was designed to
document the incidence and prognostic significance of cardiac
arrhythmias after acute myocardial infarction in patients with left
ventricular ejection fraction (LVEF) �40%.65 In this study, signifi-
cant brady- and/or tachyarrhythmias were recorded in 137 patients
(46%) during a 2 year follow-up, 86% of these being asymptomatic.
The ILR documented a 27% incidence of new onset AF
(�125 bpm), 13% non-sustained VT (�16 bpm), 10% high-degree
AV-block (�30 bpm, duration �8 s), 7% sinus bradycardia
(�30 bpm, �8 s), 5% sinus arrest (�4.5 s), 3% had sustained ven-
tricular tachycardia, and 3% experienced ventricular fibrillation.
Monitoring was hampered by misdetections and artefacts. Intermit-
tent high-degree AV-block was also associated with an increased
risk of cardiac mortality during the follow-up. ILRs were also
used in documenting ventricular tachyarrhythmia events as a
primary endpoint of risk stratification tests performed 6 weeks
post-AMI. The experience of CARISMA study showed that ILRs
are well suited for clinical research of cardiac arrhythmias in
various clinical settings.

Inherited cardiomyopathies
In addition to documented clinical indications, ILRs have a potential
to be used as a diagnostic tool in specific inherited cardiomyopa-
thies, although there is no scientific evidence for this indication
(opinion-based approach). For example, ILR can well be used in
documenting the arrhythmic origin of pre-syncope and syncope
among patients with phenotypic or genotypic evidence of inherited
cardiomyopathies, such as Brugada syndrome, long or short QT
syndromes, hypertrophic cardiomyopathy, or arrhythmogenic
right ventricular dysplasia.

In these settings, syncope is usually regarded as an ominous
finding predicting sudden cardiac death and an ICD implantation
should be considered. Nevertheless, the mechanism of syncope
may be heterogeneous being caused by life-threatening arrhythmias
in some, but being of a more benign origin, i.e. vasovagal, in many
others. In a multicenter study,85 40% of 220 patients with Brugada
syndrome implanted with an ICD had a history of syncope, but
the patients with syncope were not at a higher risk of appropriate
ICD discharge than those who had been asymptomatic. Similarly,
in a single centre study,86 a history of syncope was present in 55%
of 47 patients who received an ICD, but was unrelated to appropri-
ate ICD discharge; one might reasonably infer from these obser-
vations that the likely diagnosis in those who had syncope relapse
after the ICD implantation was vasovagal and not a potentially life-
threatening arrhythmia. Finally, in a large metanalysis87 encompass-
ing 1217 patients (275 of them [23%] with a history of syncope), the
patients with syncope had an intermediate risk of ventricular
tachyarrhythmias that was significantly lower than those presenting
with documented cardiac arrest.

Figure 5 Estimated correlation between follow-up strategy and
the rate of atrial fibrillation detection after RF ablation (from
Arya70).
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In a large multicentre, prospective, observational trial88 per-
formed on 812 adult patients affected by long-QT syndrome
(LQTS), the outcome parameters included syncope (transient
abrupt onset and offset of loss of consciousness), cardiac arrest
(requiring defibrillation), and LQTS-related sudden death. These
outcome parameters occurred in 192 (23%) patients. When
syncope was removed from the outcome parameters, cardiac
arrest and sudden death occurred in only 50 (6%) patients
showing that syncope is three times more frequent than the
other endpoints. Therefore, in this setting, it seems that syncope
does not necessarily carry a higher risk of major life-threatening
cardiac events. On the other hand, syncope was associated with
a significant 5-fold increased risk of cardiac arrest or sudden
death, which occurred in a minority of patients. In other words,
as a marker for life-threatening events, syncope has low sensitivity.

Differentiation between benign and malignant forms is usually
very difficult in the setting of an inherited disease based on conven-
tional investigations. Consequently, in many patients, there is a
rationale for more precise diagnosis (i.e. ILR documentation) of
the mechanism of syncope before embarking in ICD therapy.
This hypothesis requires to be formally validated by trials.

Finally, ECG loop recorders may give useful information on
making the definitive clinical decision regarding implantation of a
cardioverter-defibrillator in young patients with characteristics of
inherited arrhythmia syndromes but without documented life-
threatening arrhythmia. Again, this hypothesis requires to be
validated.

Perspectives

5. Future clinical and technological needs
It is likely that prolonged monitoring will become increasingly
important, and its use will increasingly be appropriate instead of,
or before, many current conventional investigations.

The ultimate goal of therapy guided by ILR should be to improve
the clinical outcome of the patients, i.e. prevention of syncopal
recurrences, severe injuries, and death. How much ILR-guided
strategy is superior to conventional evaluation strategy remains
largely to be demonstrated. This task force recognizes the impor-
tance of planning future outcome studies.

Continuous long-term ECG home monitoring is going to become a
widely accepted diagnostic methodology. Data are transmitted
through a standard telephone line to a secure network, such as
in the current technology for remote monitoring of pacemakers
and defibrillators. New generation monitors may identify AF epi-
sodes, as previously discussed in this document. For this purpose,
RR cycle analysis algorithms and advanced discrimination criteria
similar to those implemented in implantable defibrillators have
been introduced. Remote monitoring through advanced telecom-
munications technology will potentially be useful for the manage-
ment of patients with chronic disease. Thanks to this technology,
continuous monitoring of patient’s ECG and other physiological
signals are possible (e.g. blood flow or pressure and electroence-
phalography), and patients will be able to self-transmit diagnostic
information stored in the device memory for scheduled routine
follow-up, or post-event follow-up or in case of unexplained

symptoms. Blood pressure recording is crucial for the majority of
clinical situations and will add important information for
therapy. Physicians may check their patients directly via the
website. This will allow prompt reaction to clinical events as
well as time saving with potential cost reduction to healthcare
system. New sensors for monitoring vital and haemodynamic par-
ameters, like intra-thoracic fluid status through thoracic impe-
dance in heart failure patients and blood pressure in
hypertensive patients, are waited. They will be extremely useful
for tailoring drug therapy and preventing serious adverse events
such as heart failure hospitalizations. Acoustic alarms incorpor-
ated into the implanted devices and a network providing tele-
metric data to specialists would be helpful and would
dramatically improve the efficiency of patient management.
Thus, new monitoring strategies may switch the use of implanta-
ble monitors from arrhythmia detection to a heart disease man-
agement strategy.

Programmers for monitoring devices would be simplified and
based on standard PC or PDA, making possible interrogation and
programming of the device anywhere. Access to device infor-
mation would be possible not only for electrophysiologists, but
also for cardiologists, neurologists, and general practitioners. This
will simplify communication and will allow integrated management
of patients with cardiac disease.

A further step could be the use of implantable monitors for
detection of ischaemia and to improve management of patients
with chronic ischaemic heart disease. Future improvements in elec-
trogram sensing, signal filtering, and sampling rate (at least 256 Hz
as in standard surface electrocardiogram) would allow morpho-
logical analysis with fast and appropriate detection of ST changes
in case of ischaemic episodes.

Finally, reduction in device size and weight would simplify the
implant procedure and would increase patient and physician’s
acceptance. Device miniaturization could increase the use of
cardiac monitors, which could become the new standard of care
for serious adverse event prevention and long-term monitoring
of patients with chronic cardiac diseases.

Acknowledgements
The section on palpitations was the result of the contribution of
Dr Franco Giada, Mestre, Italy and the section on atrial fibrillation
was the result of contribution of Dr Uwe Dorwarth, Munich,
Germany

References
1. Soteriades ES, Evans JC, Larson MG, Chen MH, Chen L, Benjamin EJ et al. Inci-

dence and prognosis of syncope. N Engl J Med 2002;347:878–85.
2. Moya A, Sutton R, Ammirati F, Blanc JJ, Brignole M, Dahm J. ESC guidelines on

syncope. Eur Heart J 2009 (in press).
3. Sheldon R, Rose S. Components of clinical trials for vasovagal syncope. Europace

2001;3:233–40
4. Moya A, Brignole M, Menozzi C, Garcia-Civera R, Tognarini S, Mont L et al. Mech-

anism of syncope in patients with isolated syncope and in patients with tilt-
positive syncope. Circulation 2001;104:1261–7.

5. Menozzi C, Brignole M, Garcia-Civera R, Moya A, Botto G, Tercedor L et al.
Mechanism of syncope in patients with heart disease and negative electrophysio-
logic test. Circulation 2002;105:2741–5.

6. Brignole M, Menozzi C, Moya A, Garcia-Civera R, Mont L, Alvarez M et al. The
mechanism of syncope in patients with bundle branch block and negative electro-
physiologic test. Circulation 2001;104:2045–50.

Use of diagnostic implantable and external ECG loop recorders 685



7. Brignole M, Sutton R, Menozzi C, Moya A, Wieling W, Andresen D et al. Early
application of an implantable loop recorder allows effective specific therapy in
patients with recurrent suspected neurally mediated syncope. Eur Heart J 2006;
27:1085–92.

8. Solano A, Menozzi C, Maggi R, Donateo P, Bottoni N, Lolli G et al. Incidence, diag-
nostic yield and safety of the implantable loop-recorder to detect the mechanism
of syncope in patients with and without structural heart disease. Eur Heart J 2004;
25:1116–9.

9. Krahn A, Klein G, Norris C, Yee R. The etiology of syncope in patients with nega-
tive tilt table and electrophysiologic testing. Circulation 1995;92:1819–26.

10. Krahn AD, Klein GJ, Yee R, Takle-Newhouse T, Norris C. Use of an extended
monitoring strategy in patients with problematic syncope. Reveal Investigators.
Circulation 1999;99: 406–10.

11. Nierop P, Vam Mechelen R, Elsacker A, Luijten RH, Elhendy A. Heart rhythm
during syncope and presyncope. Pacing Clin Electrophysiol 2000;23:1532–8.

12. Boersma L, Mont L, Sionis A, Garcia E, Brugada J. Value of implantable loop recor-
der for the management of patients with unexplained syncope. Europace 2004;6:
70–76.

13. Lombardi F, Calosso E, Mascioli G, Marangoni E, Donato A, Rossi S et al. Utility of
implantable loop recorder (Reveal Plus) in the diagnosis of unexplained syncope.
Europace 2005;7:19–24

14. Pierre B, Fauchier L, Breard L, Marie O, Poret F, Babuty D. Implantable loop
recorder for recurrent syncope: influence of cardiac conduction abnormalities
showing up on resting electrocardiogram and of underlying cardiac disease on
follow-up developments. Europace 2008;10: 477–81.

15. Moya A, Garcia-Civera R, Brugada J, Croci F, Menozzi C, Ammirati F et al. The
management of syncope in patients with bundle branch block: a multi-center, pro-
spective observational study (in press).

16. Pezawas T, Stix G, Kastner J, Schneider B, Wolzt M, Schmidinger H. Implantable
loop recorder in unexplained syncope: classification, mechanism, transient loss of
consciousness and role of major depressive disorder in patients with and without
structural heart disease. Heart 2008;94;17–24.

17. Maggi R, Menozzi C, Brignole M, Podoleanu C, Iori M, Sutton R et al. Cardioinhi-
bitory carotid sinus hypersensitivity predicts an asystolic mechanism of spon-
taneous neurally mediated syncope. Europace 2007;9:563–7.

18. Frangini P, Cecchin F, Jordao L, Martuscello M, Alexander M, Triedman J et al.
How revealing are insertable loop recorders in pediatrics? Pacing Clin Electrophysiol
2008;31:338–43.

19. Zaidi A, Clough P, Cooper P, Scheepers B, Fitzpatrick AP. Misdiagnosis of epi-
lepsy: many seizure-like attacks have a cardiovascular cause. J Am Coll Cardiol
2000;36:181–4.

20. Rugg-Gunn F, Simister R, Squirrel M, Holdright D, Duncan J. Cardiac arrhythmias
in focal epilepsy: a prospective long-term study. Lancet 2004;364:2212–9.

21. Armstrong L, Lawson J, Kamper A, Newton J, Kenny RA. The use of implantable
loop recorder in the investigation of unexplained syncope in older people. Age
Ageing 2003;32:185–8.

22. Brignole M, Menozzi C, Maggi R, Solano A, Donateo P, Bottoni N et al. The usage
and diagnostic yield of the implantable loop-recorder in detection of the mech-
anism of syncope and in guiding effective antiarrhythmic therapy in older
people. Europace 2005;7:273–279

23. Krahn A, Klein G, Fitzpatrick A, Seidl K, Zaidi A, Skanes A et al. Predicting the
outcome of patients with unexplained syncope undergoing prolonged monitoring.
Pacing Clin Electrophysiol 2002;25:37–41.

24. Krahn A, Klein G, Yee R, Skanes A. Predictive value of presyncope in patients
monitored for assessment of syncope. Am Heart J 2001;141:817–21.

25. Moya A, Brignole M, Sutton R, Menozzi C, Garcia-Civera R, Wieling W et al.
Reproducibility of electrocardiographic findings in patients with neurally-mediated
syncope. Am J Cardiol 2008;102:1518–23.

26. Krahn AD, Klein GL, Tee R, Skanes AC. Detection of asymptomatic arrhythmias
in unexplained syncope. Am Heart J 2005;148:326–32.

27. Brignole M, Alboni P, Benditt D, Bergfeldt L, Blanc JJ, Thomsen PE et al. Guidelines
on management (diagnosis and treatment) of syncope – Update 2004. Europace
2004;6:467–37.

28. Ng E, Stafford PJ, Ng GA. Arrhythmia detection by patient and autoactivation in
implantable loop recorders. J Interv Card Electrophysiol 2004;10:147–52.

29. Chrysostomakis SI, Klapsinos NC, Simantirakis EN, Marketou ME,
Kambouraki DC, Vardas PE. Sensing issues related to the clinical use of implanta-
ble loop recorders. Europace 2003;5:143–8.

30. Krahn AD, Klein GJ, Skanes AC, Yee R. Insertable loop recorder use for detection
of intermittent arrhythmias. Pacing Clin Electrophysiol 2004;27:657–64.

31. Kothari DS, Riddell F, Smith W, Voss J, Skinner JR. Digital implantable loop recor-
ders in the investigation of syncope in children: benefits and limitations. Heart
Rhythm 2006;3:1306–12.

32. Chrysostomakis SI, Simantirakis EN, Marketou ME, Vardas PE. Implantable loop
recorder undersensing mimicking complete heart block. Europace 2002;4:211–3.

33. Brignole M, Bellardine Black C, Bloch Thomsen PE, Sutton R, Moya A, Stadler R
et al. Improved arrhythmia detection in implantable loop recorders. J Cardiovasc
Electrophysiol, 2008;19:928–34.

34. Brignole M, Moya A, Menozzi C, Garcia-Civera R, Sutton R. Proposed electrocar-
diographic classification of spontaneous syncope documented by an Implantable
Loop Recorder. Europace 2005;7:14–18.

35. Sud S, Klein G, Skanes A, Gula L, Yee R, Krahn A. Implications of mechanism of
bradycardia on response to pacing in patients with unexplained syncope. Europace
2007;9:312–8.

36. Deharo JC, Jego C, Lanteaume A, Dijane P. An implantable loop recorder study of
highly symptomatic vasovagal patients: the heart rhythm observed during a spon-
taneous syncope is identical to the recurrent syncope but not correlated with the
head-up tilt test or ATP test. J Am Coll Cardiol 2006;47:587–93.

37. Donateo P, Brignole M, Menozzi C, Bottoni N, Alboni P, Dinelli M et al. Mechan-
ism of syncope in patients with positive adenosine triphosphate tests. J Am Coll
Cardiol 2003;41:93–8.

38. Brignole M, Sutton R, Menozzi C, Garcia-Civera R, Moya A, Wieling W et al. Lack
of correlation between the responses to tilt testing and adenosine triphosphate
test and the mechanism of spontaneous neurally-mediated syncope. Eur Heart J
2006;27:2232–9.

39. Krahn A, Klein GJ, Yee R, Skanes AC. Randomized Assessment of Syncope Trial.
Conventional diagnostic testing versus a prolonged monitoring strategy. Circulation
2001;104:46–51.

40. Farwell D, Freemantle N, Sulke N. The clinical impact of implantable loop recor-
ders in patients with syncope. Eur Heart J 2006;27:351–6.

41. Gula L, Krahn A, Massel D, Skanes A, Yee R, Klein G. External loop recorders:
determinants of diagnostic yield in patients with syncope. Am Heart J 2004;147:
644–8.

42. Hoefman E, van Weert HC, Reitsma JB, Koster RW, Bindels PJ. Diagnostic yield of
patient-activated loop records for detecting heart rhythm abnormalities in general
practice: a randomized clinical trial. Fam Pract 2005;22:478–84.

43. Sivakumaran S, Krahn A, Klein G, Finan J, Yee R, Renner S et al. A prospective
randomized comparison of loop recorders versus Holter monitoring in patients
with syncope or presyncope. Am J Med 2003;115:1–5.

44. Schuchert A, Maas C, Kretzschmar C, Behrens G, Kratzmann I, Meinertz T. Diag-
nostic yield of external loop recorders in patients with recurrent syncope and
negative tilt table test. Pacing Clin Electrophysiol 2003;26:1837–40.

45. Linzer M, Pritchett ELC, Pontinen M, McCarthy E, Divine GW. Incremental diag-
nostic yield of loop electrocardiographic recorders in unexplained syncope. Am J
Cardiol 1990;66:214–9.

46. Rothman S, Laughlin J, Seltzer J, Walia J, Baman R, Siouffi S et al. The diagnosis of
cardiac arrhythmias: a prospective multicenter randomized study comparing
mobile cardiac outpatient telemetry versus standard loop event monitoring.
J Cardiovasc Electrophysiol 2007;18:241–7.

47. Zimetbaum P, Josephson ME. Evaluation of patients with palpitations. New Engl J
Med 1998;338:1369–73.

48. Brugada P, Gursoy S, Brugada J, Andriess E. Investigation of palpitations. Lancet
1993;341:1254–8.

49. Kroenke K, Arrington ME, Mangelsdroff AD. The prevalence of symptoms in
medical outpatients and the adequacy of therapy. Arch Intern Med 1990;150:
1685–9.

50. Weber BE, Kapoor WH. Evaluations and outcomes of patients with palpitations.
Am J Med 1996;100:138–48.

51. Kinlay S, Leitch JW, Neil A, Chapman BL, Hardy DB, Fletcher PJ. Cardiac event
recorders yield more diagnoses and are more cost-effective than 48-hour
Holter monitoring in patients with palpitations: a controlled clinical trial. Ann
Intern Med 1996;124:16–20

52. Zimetbaum PJ, Kim KY, Josephson ME, Goldberger AL, Cohen DJ. Diagnostic
yield and optimal duration of continuous-loop event monitoring for the diagnosis
of palpitations. Ann Intern Med 1998;28:890–5.

53. Brown AP, Dawkins KD, Davies JG. Detection of arrhythmias: use of a patient-
activated ambulatory electrocardiogram device with a solid-state memory loop.
Br Heart J 1987;58:251–3.

54. Zimetbaum P, Kim KY, Ho KKL, Zebeda J, Josephson ME, Goldberger AL. Utility
of patient-activated cardiac event recorders in general clinical practice. Am J
Cardiol 1997;79:371–2.

55. Antman EM, Ludmer PL, McGowan N, Bosak M, Fredman PL. Transtelephonic
electrocardiographic transmission for management of cardiac arrhythmias. Am J
Cardiol 1988;58:1021–4.

56. Zimetbaum PJ, Josephson ME. The evolving role of ambulatory arrhythmia moni-
toring in general practice. Ann Intern Med 1999;150:848–56.

57. Reiffel JA, Schulhof E, Joseph B, Severance E, Wyndus P, McNamara A. Optimum
duration of transtelephonic ECG monitoring when used for transient sympto-
matic event detection. J Electrocardiol 1991;24:165–8.

M. Brignole et al.686



58. Guidelines for ambulatory electrocardiography: executive summary and rec-
ommendations. A report of the American College of Cardiology/American
Heart Association task force on practice guidelines (committee to revise the
guidelines for ambulatory electrocardiography). Circulation 1999;100:886–89.

59. Schmidt SB, Jain AC. Diagnostic utility of memory equipped transtelephonic moni-
tors. Am J Med Sci 1988;296:299–302.

60. Bhandari AK, Anderson JL, Gilbert EM, Alpert BL, Henthorn RW, Waldo AL et al.
Correlation of symptoms with occurrence of paroxysmal supraventricular tachy-
cardia or atrial fibrillation: a transtelephonic monitoring study. The Flecainide
Supraventricular Tachycardia Study Group. Am Heart J 1992;124:381–6.

61. Martinez T, Sztajzel J. Utility of event loop recorders for the management of
arrhythmias in young ambulatory patients. Int J Cardiol 2004;97:495–8.

62. Brignole M. Indications and utility of external loop recorders. e-Journal Cardiol
Practice 2008;7:No.5. www.escardio.org

63. Giada F, Gulizia M, Francese M, Croci F, Santangelo L, Santomauro M et al. Recur-
rent unexplained palpitations (RUP) study: comparison of implantable loop recor-
der versus conventional diagnostic strategy. J Am Coll Cardiol 2007;49:1951–6.

64. Giada F, Raviele A. Diagnostic management of patients with palpitations of
unknown origin. Ital Heart J 2004;5:581–6.

65. Gillis AM, Rose MS. Temporal patterns of paroxysmal atrial fibrillation following
DDDR pacemaker implantation. Am J Cardiol 2000;85:1445–50.

66. Kirchhof P, Auricchio A, Bax J, Crijns H, Camm J, Diener HC et al. Outcome par-
ameters for trials in atrial fibrillation. Recommendations from a consensus confer-
ence organized by the German Atrial Fibrillation Competence NETwork and the
European Heart Rhythm Association. Europace 2007;9:1006–23.

67. Fetsch T, Bauer P, Engberding R, Koch HP, Lukl J, Meinertz T et al. Prevention of
atrial fibrillation after cardioversion: results from the PAFAC trial. Eur Heart J
2004;25:1385–94

68. Israel CW, Gronefeld G, Ehrlich JR, Li YG, Hohnloser SH. Long-term risk of
recurrent atrial fibrillation as documented by an implantable monitoring device:
implication for optimal patient care. J Am Coll Cardiol 2004;43:47–52.
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