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ABSTRACT. Ambulatory cardiac monitoring is a rapidly expanding field and one that is likely

to progress beyond electrocardiographic (ECG) and blood pressure recordings. To date, the primary
cardiac monitoring focus has been ambulatory ECG (AECG) monitoring. In this setting, AECG
monitoring has become a diagnostic tool used daily by physicians of many specialties. In this
regard, both wearable and subcutaneous ECG monitoring technologies are now widely available,
with the appropriate choice for a given patient being best determined by the frequency with which
the patient’s symptom recurrences are expected. In other words, the less frequent the symptomatic
events, then the longer the monitoring duration requirement should be. However, multiple factors
other than the technology used impact success. For example, wearable AECG systems are only
capable of monitoring patients for a period of a few days to several weeks due to limited battery
longevity, patient intolerance to cutaneous ECG electrodes, the cumbersome nature of the device, or
a combination of these factors. Current-generation insertable cardiac monitors (ICMs), on the other
hand, offer three years of monitoring and infrequent skin irritation. Additionally, automatic remote
download, a valuable feature in many cases, is only offered by certain wearable technologies, but is
an option in all currently available ICMSs. This report focuses on the current status of subcutaneous

ICMs and their indications and limitations. The goal is to highlight the variety of utility of current
ICM technologies and to provide insight into potential future subcutaneous ICM applications.

KEYWORDS. Ambulatory cardiac monitors, insertable cardiac monitors, palpitations, stroke,

syncope.

Introduction

Ambulatory cardiac monitoring is an expanding field
and one that is likely to progress beyond current electro-
cardiographic (ECG) and blood pressure (BP) recordings
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to incorporate other potentially valuable clinical diag-
nostics (eg, hemodynamic assessment, ischemia recog-
nition, metabolic measures, arrhythmia risk assessment).
At present, though, most ambulatory cardiac monitoring
systems are surface (skin)-mounted and focus on the
ECG. However, devices that are inserted into the subcuta-
neous tissues, or, more rarely, implanted in other organs
(eg, pulmonary arterial circulation) have in recent years
become increasingly prevalent.

To date, cardiac monitoring has primarily focused on
the ambulatory ECG (AECG) domain.! These monitors,
available as both wearable and insertable modalities,
are now widely used by physicians of many specialties
for the evaluation of the causes of symptoms that may
be related to cardiac arrhythmias, including palpitations,
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lightheadedness, physical collapse, and transient or fixed
neurological disturbances [eg, transient ischemic attack
(TIA), cryptogenic stroke].

In general, the choice of a specific cardiac monitoring
technology should be made based on the frequency with
which symptom recurrences are expected as well as the
nature of symptomatic events.” Thus, the less frequent
the symptomatic events, then the longer the monitoring
duration requirement generally is. However, factors other
than just technology alone impact success. For example,
most skin-mounted wearable AECG systems are only
capable of monitoring patients from a few days to several
weeks (with one month generally being the upper toler-
able limit), due to limited battery longevity, patient intol-
erance to the essential cutaneous ECG electrodes, and/or
the cumbersome nature of the devices. In contrast, cur-
rent-generation insertable cardiac monitors (ICMs) offer
recording longevities of up to three years, very low risk of
skin irritation or infection, and an almost imperceptible
surgical footprint.

Apart from battery longevity, patient compliance deter-
mines the duration of effective monitoring. Clearly, ICMs
have an advantage, as they accompany the patient at all
times and can be downloaded remotely. Nevertheless,
even ICM use can be undermined if the patient fails to
alert the device when symptoms occur, or is unable or
unwilling to permit remote data downloads.

Prompt reporting of actionable ECG findings is one of the
most desirable features of cardiac monitoring systems.
However, the speed with which important ECG findings
are reported to the responsible physician is a significant
limitation of many AECG systems. For example, with tradi-
tional Holter recorders or first-generation event recorders
(eg, ZIO Patch; iRhythm Technologies, San Francisco, CA,
USA), the physician may not receive any diagnostic infor-
mation by way of a report until after the recording period
has been completed and the recorder has been returned to
the monitoring center. Given the potential for some record-
ing periods to be as long as two to four weeks in dura-
tion, the physician may not learn of important ECG events
until long after they have occurred. Delayed reporting of
actionable cardiac rhythm disturbances may leave patients
at unnecessary risk. Again, current ICM systems that have
automatic remote transmission of key findings offer a con-
siderable advantage as long as the patient lives in a region
that permits remote download (by landline, mobile phone
technology, or the Internet) and is sufficiently educated
and motivated to use the remote monitoring feature.

This report focuses on the current status of subcutane-
ous ICMs, including their indications and limitations. In
addition, our goal is to provide insight on the potential
future of subcutaneous cardiac monitoring.

Nomenclature and evolution of technology

The initial focus of subcutaneous monitoring efforts was
to provide a device capable of “long-term” cardiac rhythm
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assessment with storage of critical rhythm disturbances
and/or symptomatic events (as determined by the patient),
with later downloading occurring either in the clinic or by
remote telemetry. Further, in order to allow for sufficient
time for symptoms to be recognized and electronically
marked by the wearer, the recorder was designed to retain
key ECG recordings in its memory for a period of time
prior to being overwritten. This latter “looping memory”
feature provided a crucial diagnostic advantage for subcu-
taneous systems and, consequently, the term “implantable
loop recorder” (ILR), evolved into common usage.

ILRs have changed significantly since their initial intro-
duction into clinical practice by Krahn et al®® in the
mid-1990s. The earliest prototype device was essentially
a modified cardiac pacemaker (Medtronic Inc., Minneap-
olis, MN, USA) without intracardiac leads, but with sens-
ing electrodes positioned on the device body/header;
this latter innovation provided a single-lead subcutane-
ous ECG recording that could be retained in memory and
downloaded at a later date.

In its earliest application, the ILR was primarily used
for the management of transient loss of consciousness
(TLOC) suspected to be of arrhythmic origin and, sub-
sequently, a substantial body of literature has evolved
that supports this application.*'° However, as ILRs have
decreased in size and have gained the ability to record
and transmit data for longer periods of time (currently,
for lengths exceeding three years), their use has expanded
into other areas of heart rhythm evaluation. In particular,
ICMs are now employed in the diagnosis of infrequent
palpitations, for the assessment of treatment efficacy fol-
lowing atrial fibrillation (AF) ablation, and for the evalu-
ation of the cause of cryptogenic stroke.! 61112

It has become evident that subcutaneous cardiac mon-
itoring has far greater potential utility than ECG detec-
tion alone and that, while “looping memory” is impor-
tant, other features within this evolving technology (eg,
remote telemetry download, rhythm-focused diagnostic
algorithms, novel physiologic measurements) are compa-
rably notable. Consequently, it is now widely noted that
the term “implantable loop recorder” is no longer ade-
quate and that the nomenclature should be superseded
by a new broader term, “insertable cardiac monitor,” to
reflect both the new monitoring reality and future trends.

Current insertable cardiac monitoring
technology

In recent years, commercially available devices have
undergone substantial miniaturization, while at the same
time incorporating a number of valuable additional fea-
tures. The latter includes improved arrhythmia recog-
nition algorithms (particularly for AF), automatic and
manual arrhythmia data storage, and remote monitoring
capabilities.

The first true ICM (Reveal® Medtronic, Minneapolis, MN,
USA) (Figure 1) was 19 mm X 61 mm X 8 mm in size and
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implanted subcutaneously using a small incision. The
device was then usually secured to the underlying tissue
in order to minimize any potential for migration. The lat-
est iteration of the Reveal® family, the Reveal® LINQ™
(Medtronic, Minneapolis, MN, USA; Figure 1), has been
reduced to 7 mm x 45 mm X 4 mm in size, making it
87% smaller than its predecessor. The device is provided
preloaded in an insertion tool (Figure 2) that is used to
deliver it subcutaneously through a small puncture inci-
sion (< 1 cm) that can then be closed using surgical glue,
surgical tape, stitches, or staples as the operator prefers."
As a result, it is now acceptable for the Reveal® LINQ™
(Medtronic, Minneapolis, MN, USA) to be inserted at
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Figure 1: A: Reveal® XT™ and Reveal® LINQ™ ICMs (both
Medtronic, Minneapolis, MN, USA). The Reveal® XT™ ICM
was an early-generation ICM (19 mm x 61 mm x 8 mm in size)
and was implanted subcutaneously using a small incision. The
Reveal® LINQ™ device is a more recent ICM iteration (7 mm x
45 mm x 4 mm in size) that is approximately 87% smaller
than its predecessor. B: The Patient Assistant Model 96000,
available with the Reveal® LINQ™ Cardiac Monitoring Sys-
tem (Medtronic, Minneapolis, MN, USA). The Patient Assis-
tant feature of the Reveal® LINQ™ device allows patients to
mark symptomatic events for further review. C: CareLink™
(Medtronic, Minneapolis, MN, USA) for remote monitoring.
The CareLink™ Network is used to download patient data
from Medtronic implantable cardiac devices.
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Figure 2: Reveal® LINQ™ insertion blade (top) and preloaded
insertion tool (bottom) (both Medtronic, Minneapolis, MN,
USA). Once the ICM is injected, the insertion tool is removed
and discarded. ICM: insertable cardiac monitor.

bedside or in the clinic or emergency department, elimi-
nating the expense of a cardiac catheterization laboratory
or operating room.'1315

In the case of the BioMonitor 2® (Biotronik, Berlin,
Germany) (Figure 3A), the housing has the approximate
shape and size of a USB flash memory stick. The device
has a total length of 8.8 cm with a relatively long antenna
reminiscent of the no-longer-available SLEUTH® (Tran-
soma Inc., St Paul, MN, USA). The extended antenna is
believed to provide enhanced sensing capability. Further,
given its bigger platform in comparison with the Reveal®
LINQ™ (Medtronic, Minneapolis, MN, USA) or Confirm
Rx™ (Abbott Laboratories, Chicago, IL, USA), the Bio-
Monitor 2° (Biotronik, Berlin, Germany) offers a longer
battery longevity of four years. It is also approved for
both 1.5-tesla and 3-tesla magnetic resonance environ-
ments. Finally, a home monitoring feature automatically
collects data from the patient’s device every night, typi-
cally while the patient is asleep.

The Confirm Rx™ ICM (Abbott Laboratories, Chicago, IL,
USA) (Figure 3B) has a relatively small volume (approxi-
mately 1.4 cc) with a slim profile. The device is equipped
with Bluetooth® wireless technology, allowing patients to
connect with it using their own mobile devices.

As alluded to above, current-generation ICMs are capa-
ble of both automatic and manual-triggered recording
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Figure 3: A: BioMonitor 2® (Biotronik, Berlin, Germany). B:
Confirm Rx™ ICM (Abbott Laboratories, Chicago, IL, USA).

storage and remote monitoring. With regard to remote
monitoring, Furukawa et al. reported observations in 47
patients implanted with the Reveal® DX and XT™ ICMs
(Medtronic, Minneapolis, MN, USA) and followed using
the CareLink® system (Medtronic, Minneapolis, MN,
USA) for 20 weeks * 13 weeks.'> The mean time from
ICM implantation to the first relevant ECG recording was
28 days * 49 days, which was estimated to be 71 days +
17 days less than the identification time acheived using a
method of performing three monthly in-office follow-up
interrogations and ICM downloads in conjunction with
the assumption that the record had not been overwrit-
ten in the interim. Furthermore, among a subset of 33
patients queried, all judged the remote monitoring sys-
tem to be “very easy” (48%) or “easy” (52%) to use and
almost all respondents were able to complete the trans-
mission in 10 minutes.'? In another report, patients with
remote monitoring devices received targeted treatment
187 days earlier on average than when they likely would
have received such based on conventional follow-up.'®
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Consequently, it can be said based on these studies that
remote monitoring of ICM patients can significantly
shorten the time to diagnosis and the time to initiation of
the appropriate targeted treatment.

Overall clinical utility of insertable cardiac
monitoring

The “clinical utility” of a diagnostic intervention such as
ICM placement may be determined not solely on whether
an abnormality is found but, rather, on whether an ICM
finding impacts treatment in a positive manner. One
example might be the documentation of paroxysmal AF
in a patient with cryptogenic stroke that leads to the initi-
ation of oral anticoagulation.

Further, the impact of an ICM observation can be further
subdivided into those that were “anticipated” (eg, find-
ing a cause for syncope based on symptom-arrhythmia
correlation) or “unanticipated” (eg, finding previously
unknown paroxysmal AF in a patient being monitored
for some other reason, which triggers the initiation of
prophylactic anticoagulation). In either case, one can
argue that the patient has received benefit from the
intervention. In this regard, Maines et al."” reported pos-
itive “anticipated” benefits in 39% of their patients and
“unanticipated” benefits in an additional 17%. Similarly,
Li et al.'® observed “anticipated” benefits in 11.6% and
“unanticipated” benefits in an additional 7.4% of 95 ICM
patients during a median follow-up period of 414 days.

Insertable cardiac monitoring limitations

Device miniaturization and simplified implant proce-
dures have reduced barriers to ICM use. Nevertheless,
economicissues remaining in some regions may adversely
affect uptake, while certain technologic factors also may
negatively impact enthusiasm for ICM use among health
care providers.

With respect to technology, small ICM size may facilitate
implantation but complicate device removal. Years after
implantation, very small devices can be difficult to locate,
mobilize, and explant. As a consequence, the explant pro-
cedure may take longer than the implant procedure, and
the explant wound may turn out to be larger than that
required for implantation. In the end, explant-related cos-
metics could become a concern.

Other issues may also undermine ICM effectiveness.
Important among these are ICM “oversensing” and
“undersensing” (Figure 4). Inappropriate detections
due to physiologic and nonphysiologic circumstances
increase episode review time and may reduce diagnostic
yield owing to limited episode storage space being avail-
able in the device, with possible consequent overwriting
of important data by subsequent less crucial events or
“noise.” Primary nonphysiologic causes for inappropri-
ate bradycardia and pause detections include undersens-
ing due to loss of electrode contact or a sudden drop in
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Figure 4: ICM recordings from the Reveal® LINQ™ ICM (Medtronic, Minneapolis, MN, USA) in three patients. A: Normal
good-quality ventricular electrogram recordings. B: Intermittent undersensing of the ventricular signals results in the device
incorrectly identifying a “pause” in the patient’s rhythm. This may have been due to movement of the device in the pocket
with reduced contact. C: Intermittent oversensing of “noise” resulted in incorrect detection of a tachyarrhythmia. Movement
of the device in the pocket due to patient manipulation of the ICM could be responsible.

R-wave amplitude (eg, pericardial effusion), or oversens-
ing due to myopotential noise or electromagnetic inter-
ference. Physiologic causes for inappropriate detection
are primarily related to undersensing of ectopy of ven-
tricular and/or atrial origin. In the latter case, the prob-
lem is most likely due to a change in R-wave vector. Sev-
eral ICM advances—including algorithm enhancements,
better tissue contact resulting from small device size and
insertion techniques, and longer sensing antennas—may
improve automatic detection performance.’” In terms
of tissue contact, early ICMs required a surgical pocket,

albeit a small one. An excessively large pocket under-
mined tissue contact and signal detection. Even with
the newer ICMs that are delivered by an insertion tool,
the operator should take care not to swivel the insertion
tool, thereby inadvertently creating a pocket larger than
necessary and thus potentially adversely altering tissue
contact.

Finally, ICMs, unlike wearable loop recorders, require an
invasive procedure, which inevitably increases the risks
of infection, hematoma, and pain. For example, in the

3251 The Journal of Innovations in Cardiac Rhythm Management, July 2018



Trends in Subcutaneous Cardiac Monitoring

Table 1: Clinical Applications of ICMs

¢ In the assessment of unexplained syncope/TLOC

e For the evaluation of transient symptoms that are possibly
occurring due to a cardiac arrhythmia

e For the monitoring of patients who are at an increased risk
of cardiac arrhythmias (eg, those who are postablation or
demonstrating drug therapy arrhythmia recurrences)

e For the identification of the cause of cryptogenic stroke

e For the evaluation of unexplained falls

ICM: insertable cardiac monitor; TLOC: transient loss of
consciousness.

Cryptogenic Stroke and Underlying AF (CRYSTAL AF)
trial, which was a controlled study to assess long-term
ICM monitoring for the detection of AF after cryptogenic
stroke using the Reveal® XT™ (Medtronic, Minneapolis,
MN, USA) five of 208 (2.4%) ICMs were removed owing
to infection at the insertion site or pocket erosion. Further-
more, the most common adverse events associated with
ICM implantation were infection (1.4%), pain (1.4%), and
irritation or inflammation (1.9%) at the insertion site.?’
In this regard, Mittal et al."! analyzed procedure-related
adverse events to evaluate the safety profile of the ICM
procedure from two separate trials, the Reveal® LINQ™
Usability study (a controlled, nonrandomized multicenter
study)™ and the Reveal® LINQ™ Registry (a multicenter
registry evaluating real-world experiences).!* Overall,
the combined cohort of 273 patients had an infection rate
of 1.5% (n = 4), a procedure-related adverse event rate of
4.0% (n = 11), and a procedure-related serious adverse
event rate of 1.1% (n = 3).!

In addition to the studies noted above, The Reveal®
LINQ™ In-Office 2 study was a randomized trial with
the primary objective of comparing the safety of insertion
of the Reveal® LINQ™ ICM (Medtronic, Minneapolis,
MN, USA) in-office versus in the hospital. This study’s
findings indicated that the untoward event rate (a com-
posite of unsuccessful insertion and ICM- or insertion-re-
lated complications) was 0.8% (2/244) for in-office and
0.9% (2/227) for in-hospital. Additionally, adverse events
occurred during 2.5% (6/244) of in-office insertions and
4.4% (10/227) of in-hospital insertions.'> Consequently, at
least in the case of the Reveal® LINQ™ ICM (Medtronic,
Minneapolis, MN, USA), which is the ICM that has been
most thoroughly evaluated to date, both ICM infection
rates and overall adverse event rates are low (generally
1%—2% and 2%-4%, respectively)'15?° and independent
of whether the device is placed in the clinic or in the hos-
pital laboratory.

Finally, current ICMs only provide ECG data. Excluding
the CardioMEMs™ device (Abbott Laboratories, Chi-
cago, IL, USA), which is primarily used for developing
an estimate of left atrial pressure in heart failure patients
via placement in the pulmonary arterial system,?! cur-
rent ICMs do not provide hemodynamic monitoring.
The addition of hemodynamic assessment capability in

future ICMs may help physicians to assess symptoms
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that patients complain of but which are not associated
with overt ECG abnormalities.

Specific insertable cardiac monitoring clinical
applications

Syncope evaluation

Both observational studies and randomized controlled
trials have demonstrated the utility of ICMs in the eval-
uation of cases of TLOC suspected to be due to syncope
of arrhythmic origin but in which the etiology remains
unclear after initial evaluation (Table 1).

The earliest ICM controlled trial, the Randomized Assess-
ment of Syncope Trial, examined ICM utility in a TLOC,
presumed to be syncope, population.” The diagnostic
value of ICM (approximately 55%) proved to be supe-
rior to that of a wearable external loop recorder (19%)
in a prospective study of 60 patients.” These findings
are consistent with those of other studies, which gener-
ally have shown that patients who underwent the ICM
approach experienced higher rates of diagnosis than did
those patients who underwent conventional diagnostic
approaches.®* Further, the ICM strategy has proved to
be both safe and cost-effective; the mean cost per partici-
pant proved to be greater with ICM use, but the cost per
diagnosis was lower than that in patients who under-
went conventional diagnostic approaches such as tilt or
electrophysiological testing.””

The International Study of Syncope of Uncertain Etiology
(ISSUE) has highlighted various aspects of ICM utility in a
TLOC population.” The initial report (ISSUE-1) summa-
rized findings in 111 patients with presumed syncope, an
absence of significant structural heart disease, and a nor-
mal ECG who underwent ICM implantation.? Tilt testing
was negative in 82 (isolated syncope) and positive in 29
(tilt-positive). Results were similar in the isolated syncope
group and in the tilt-positive group: syncope recurred in
28 (34%) and 10 (34%) patients, respectively, while electro-
cardiographic correlation was found in 24 (23%) and eight
(28%) patients. In most patients, the subsequent ICM find-
ings favored a bradyarrhythmic cause of TLOC recurrence.
However, only cases with a definitive bradycardia could
be identified with certainty by ICM recording; others in
which the cause may have been primarily vasodepressor
in origin (probably about one-third of recurrences in this
study, as only sinus rhythm was recorded during recur-
rence) could not be diagnosed with certainty.2

In ISSUE-3, retrospective analysis suggested that cardiac
pacing was primarily of value in individuals in whom
ICM showed marked symptomatic bradycardia, but also
in whom tilt-table testing did not show vasodepressor
susceptibility.” In essence, since reflex syncope typi-
cally consists of both cardioinhibitory and vasodepressor
aspects, pacing prevention of bradycardia alone may not
be adequate to prevent future symptoms unless the vaso-
depressor component can be shown to be a minor con-
tributor to hypotension.
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In regard to the time from implant to diagnosis, in ISSUE-
3, during a mean observation period of 15 months * 11
months, the ICM recorded an event in 187 (37%) of 504
patients, with an estimated probability of 31% at one year,
40% at two years, and 47% at three years.? It is reasonable
to assume that, as devices continue to demonstrate greater
memory capacity and remote monitoring becomes more
widely available, that diagnostic success will increase and
the time to diagnosis will progressively shorten.

Among nonrandomized observational reports, the
PICTURE registry undertaken in 11 European coun-
tries evaluated ICM outcomes in 570 patients with
unexplained recurrent syncope or syncope syndrome
who were implanted with a Reveal® ICM (Medtronic,
Minneapolis, MN, USA).6 During follow-up, 218 patients
(38%) had symptom recurrences, with ICM record-
ings identifying a likely cause in 170 of these 218 (77%)
patients. Furthermore, 128 (75%) of the 170 patients diag-
nosed by ICM were deemed to have had cardiac syncope,
further emphasizing the importance of ICM findings in
establishing a diagnosis and providing direction for ther-
apy.° Finally, in the EASSYAS2 study, strong evidence is
provided supporting the synergistic diagnostic use of
ICMs with experienced clinicians in specialized “syn-
cope centers.” Such centers are currently uncommon in
North America but are becoming increasingly prevalent
in Europe.*

Palpitations

While ICM use has focused predominantly on the man-
agement of syncope’??% practice guidelines have
extended ICM indications to include the investigation
of patients with infrequent recurrent palpitations.” The
Recurrent Unexplained Palpitations study compared the
diagnostic yield and costs of ICM with those of a conven-
tional diagnostic strategy in patients with unexplained
palpitations.? Fifty patients with infrequent (one or more
episodes per month) and sustained palpitations lasting
more than one minute were enrolled. Individuals were
randomized either to a conventional diagnostic strat-
egy of 24-hour Holter recording, a four-week period of
ambulatory ECG monitoring with an external recorder,
and electrophysiological study (n =24) or to ICM implan-
tation with one-year monitoring (n = 26). In this report,
a diagnosis was obtained in five patients with the con-
ventional strategy and in 19 subjects with the monitoring
strategy (p < 0.001). Despite the higher initial cost, the
cost per diagnosis in the ICM group was lower than that
in the conventional strategy group (€3,056 * €363 versus
€6,768 +€6,672; p =0.012). It was concluded that ICM use
is a safe and more cost-effective diagnostic approach than
the use of conventional strategies in subjects without
severe heart disease and with infrequent palpitations.?’

Cryptogenic stroke

The utility of ICMs for assessing the basis of crypto-
genic stroke has recently grown in importance. Clinical
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trials have demonstrated that a substantial proportion
of patients with cryptogenic stroke have previously
unrecognized AF that can be detected only by the pro-
longed monitoring provided by ICM. In this regard, the
CRYSTAL AF trial was a controlled study of 441 patients
with cryptogenic stroke designed to assess whether long-
term monitoring with an ICM—208 patients received
Reveal® XT™ devices (Medtronic, Minneapolis, MN,
USA)—would be more effective in the detection of AF
than conventional management.” By six months, AF had
been detected in 8.9% of patients in the ICM group versus
in 1.4% of patients in the control group (p < 0.001). By
12 months, AF had been detected in 12.4% of patients in
the ICM group versus in 2.0% of patients in the control
group (p < 0.001). Similarly, the Stroke Prior to Diagnosis
of AF Using Long-term Observation with Implantable
Cardiac Monitoring Apparatus Reveal® study was aimed
at determining the prevalence of asymptomatic paroxys-
mal AF in cryptogenic stroke.” Paroxysmal AF was doc-
umented in 18 patients (20.7%) during the study period
and detected by ICM in 14 patients (16.1%) at a mean of
569 days. Paroxysmal AF was asymptomatic in all cases
and occurred in episodes lasting predominantly between
one hour and four hours in length. Furthermore, the first
event of paroxysmal AF was documented at a mean of
109 days after stroke onset.*” Current practice recommen-
dations favor the use of such monitoring in arrhythmia
detection after cryptogenic stroke.?*#1-%

Postradiofrequency ablation monitoring for atrial
fibrillation

ICMs are increasingly becoming used for monitoring
for AF recurrence after radiofrequency ablation. Current
recommendations favor the use of such monitoring after
the ablation of AF, but it is not yet widely employed in
practice.*>™ In the Assessing Arrhythmia Burden After
Catheter Ablation of AF Using an ILR study, 44 patients
underwent ICM implantation and conventional moni-
toring following AF ablation. Subjects were randomized
to undergo arrhythmia assessment and management by
both ICM and conventional monitoring simultaneously
for six months. In the first six months, AF recurred in 18
patients: seven of the 18 cases were detected with conven-
tional monitoring, while all 18 cases were detected with
ICM monitoring (p = 0.002). On the other hand, AF was
falsely diagnosed frequently by ICM.*

Unexplained falls

Recurrent potentially hazardous falls are a common prob-
lem, especially in the elderly and infirm individuals, and
are associated with a high hospital admission rate. Falls
account for approximately one-third of all adult visits to
emergency departments and are accompanied by substan-
tial medical costs (estimates include $30 billion in the United
States and more than £2 billion in the United Kingdom).*

The Irish Longitudinal Study on Ageing, a popula-
tion-based study of more than 8,000 community dwelling
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older adults (aged > 50 years), noted an important over-
lap among older patients reporting prior faints and those
reporting a history of “falls.”* Upon questioning, 16.9%
reported prior faints and 4.4% reported faints occurring
within the past year. Further, 37.9% of fainters reported
having had one or more falls occur within the past year,
as compared with 18.3% in nonfainters. Thus, the concern
was raised that some falls may in fact have been faints
and vice versa. This possibility is further supported by
the results of a subsequent ICM study, in which 70 indi-
viduals aged older than 50 years with two or more unex-
plained falls had an ICM placed and were followed for
six months to one year (mean: nine months).*® In 71% of
cases, an arrhythmia was detected. More importantly,
however, the study’s findings revealed that, in 20% of
cases, the fall symptoms were likely due to treatable
arrhythmia [n = 10; 14% received a pacemaker, and four
(6%) were treated for supraventricular tachycardia].”’
Further studies are needed to confirm these observations,
given the important clinical problems posed by falls in
elderly patients.

Potential future applications

The diagnostic evaluation of patients with suspected
symptomatic arrhythmias is limited by the inability of cur-
rently available ICMs to assess the hemodynamic impact
of a detected rhythm. Venugopal et al.*’ reported the
use of closely spaced subcutaneous electrodes that were
small enough to be incorporated within an ICM to detect
pectoral muscle blood flow using electrical bioimpedance
changes in a swine model of hemorrhage-induced hypo-
tension. Changes in blood flow-induced pectoral muscle
bioimpedance correlated with both a change in mean
arterial pressure (p < 0.0001) and in pulse pressure (p <
0.0001). These findings suggest that closely spaced subcu-
taneous electrodes may prove useful in detecting changes
in hemodynamics by identifying changes in local tissue/
vascular bioimpedance. Such a device may permit differ-
entiating spontaneous symptoms due to arrhythmia from
those caused by transient blood pressure changes such as
what occurs in reflex faints.

Conclusions

Long-term ECG monitoring is essential for the detection of
infrequent symptomatic arrhythmias. In this regard, ICM
monitoring has proven to be of considerable diagnostic
value and is particularly useful when coupled with read-
ily available remote monitoring capabilities. Recent ICM
technological developments have enhanced the clinician’s
ability to establish the cause of symptoms in patients with
suspected arrhythmias in a safe and cost-effective manner.

References

1. Benditt DG, Adkisson WO, Sutton R, Mears RK, Sakaguchi S.
Ambulatory diagnostic ECG monitoring for syncope and col-
lapse: An assessment of current clinical practice in the United
States. Pacing Clin Electrophsiol. 2018;41(2):203-209.

The Journal of Innovations in Cardiac Rhythm Management, July 2018

10.

11.

12.

13.

14.

16.

17.

18.

. Shen WK, Sheldon RS, Benditt DG, et al. 2017 ACC/AHA/

HRS Guideline for the Evaluation and Management of
Patients with Syncope: a report of the American College
of Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines and the Heart Rhythm Society. |
Am Coll Cardiol. 2017;70(5):€39—e110.

. Krahn AD, Klein GJ, Yee R, Norris C. Final results from a

pilot study with an implantable loop recorder to determine
the etiology of syncope in patients with negative noninva-
sive and invasive testing. Am | Cardiol. 1998;82(1):117-119.

. Krahn AD, Klein GJ, Yee R. Recurrent syncope. Expe-

rience with an implantable loop recorder. Cardiol Clin.
1997;15(2):313-326.

. Krahn AD, Klein GJ, Yee R, Norris C. Maturation of the

sensed electrogram amplitude over time in a new subcuta-
neous implantable loop recorder. Pacing Clin Electrophysiol.
1997;20(6):1686-1690.

. Edvardsson N, Frykman V, van Mechelen R, et al. Use of an

implantable loop recorder to increase the diagnostic yield
in unexplained syncope: results from the PICTURE registry.
Europace. 2011;13(2):262-269.

. Krahn AD, Klein GJ, Yee R, Skanes AC. Randomized

assessment of syncope trial: conventional diagnostic test-
ing versus a prolonged monitoring strategy. Circulation.
2001;104(1):46-51.

. Farwell DJ, Freemantle N, Sulke N. The clinical impact of

implantable loop recorders in patients with syncope. Eur
Heart ]. 2006;27(3):351-356.

. Podoleanu C, DaCosta A, Defaye P, et al. Early use of an

implantable loop recorder in syncope evaluation: a rand-
omized study in the context of the French healthcare system
(FRESH study). Arch Cardiovasc Dis. 2014;107(10):546-552.
Sulke N, Sugihara C, Hong P, Patel N, Freemantle N. The
benefit of a remotely monitored implantable loop recorder
as a first line investigation in unexplained syncope: the
EaSyAS 1II trial. Europace. 2016;18(6):912-918.

Mittal S, Sanders P, Pokushalov E, et al. Safety pro-
file of a miniaturized insertable cardiac monitor: results
from two prospective trials. Pacing Clin Electrophysiol.
2015;38(12):1464-1469.

Furukawa T, Maggi R, Bertolone C, et al. Effectiveness of
remote monitoring in the management of syncope and pal-
pitations. Europace. 2011;13(3):431-437.

Piirerfellner H, Sanders P, Pokushalov E, et al. Miniaturized
Reveal LINQ insertable cardiac monitoring system: first-in-
human experience. Heart Rhythm. 2015;12(6):1113-1119.
Sanders P, Piirerfellner H, Pokushalov E, et al. Performance of
anew atrial fibrillation detection algorithm in a miniaturized
insertable cardiac monitor: Results from the Reveal LINQ
Usability Study. Heart Rhythm. 2016;13(7):1425-1430.

. Rogers JD, Sanders P, Piorkowski C, et al. In-office inser-

tion of a miniaturized insertable cardiac monitor: Results
from the Reveal LINQ In-Office 2 randomized study. Heart
Rhythm. 2017;14(2):218-224.

Drak-Hernandez Y, Toquero-Ramos ], Fernandez JM,
Pérez-Pereira E, Castro-Urda V, Fernandez-Lozano 1. Effec-
tiveness and safety of remote monitoring of patients with
an implantable loop recorder. Rev Esp Cardiol (Engl Ed).
2013;66(12):943-948.

Maines M, Zorzi A, Tomasi G, et al. Clinical impact,
safety, and accuracy of the remotely monitored implant-
able loop recorder Medtronic Reveal LINQTM. Europace.
2018;20(6):1050-1057.

Li Y, Nantsupawat T, Olson M, et al. The cumulative clini-
cal benefits of an insertable cardiac monitor: a single center
cohort study. | Electrocardiography. In Press 2018.

3254



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Passman RS, Rogers JD, Sarkar S, et al. Development and
validation of a dual sensing scheme to improve accuracy
of bradycardia and pause detection in an insertable cardiac
monitor. Heart Rhythm. 2017;14(7):1016-1023.

Sanna T, Diener HC, Passman RS, et al. Cryptogenic
stroke and underlying atrial fibrillation. N Engl | Med.
2014;370(26):2478-2486.

Abraham WT, Adamson P, Bourge RC, et al. Wireless pul-
monary artery haemodynamic monitoring in chronic
heart failure: a randomised controlled trial. Lancet.
2011;377(9766):658—666.

Moya A, Brignole M, Menozzi C, et al. Mechanism
of syncope in patients with isolated syncope and
in patients with tilt-positive syncope. Circulation.
2001;104(11):1261-1267.

Ungar A, Sgobino P, Russo V, et al. Diagnosis of neurally
mediated syncope at initial evaluation and with tilt table
testing compared with that revealed by prolonged ECG
monitoring. An analysis from the Third International
Study on Syncope of Uncertain Etiology (ISSUE-3). Heart.
2013;99(24):1825-1831.

Sulke N, Sugihara C, Hong P, Patel N, Freemantle N. The
benefit of a remotely monitored implantable loop recorder
as a first line investigation in unexplained syncope: the
EaSyAS 1I trial. Europace. 2016;18(6):912-918.

Krahn AD, Klein GJ, Yee R, Takle-Newhouse T, Norris C.
Use of an extended monitoring strategy in patients with
problematic syncope. Circulation. 1999;99(3):406-410.
Brignole M, Menozzi C, Moya A, et al. Mechanism
of syncope in patients with bundle branch block
and negative electrophysiological test. Circulation.
2001;104(17):2045-2050.

Brignole M, Sutton R, Menozzi C, et al. Early application of
an implantable loop recorder allows effective specific ther-
apy in patients with recurrent suspected neurally mediated
syncope. Eur Heart ]. 2006;27(9):1085-1092.

Brignole M, Vardas P, Hoffman E, et al. Indications for the
use of diagnostic implantable and external ECG loop record-
ers. Europace. 2009;11:671-687.

Giada F, Gulizia M, Francese M, et al. Recurrent unexplained
palpitations (RUP) study comparison of implantable loop
recorder versus conventional diagnostic strategy. | Am Coll
Cardiol. 2007;49(19):1951-1956.

3255

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

R. Kohno, T. Nantsupawat, and D. G. Benditt

Christensen LM, Krieger DW, Hojberg S, et al. Paroxys-
mal atrial fibrillation occurs often in cryptogenic ischaemic
stroke. Final results from the SURPRISE study. Eur | Neurol.
2014;21(6):884-889.

Etgen T, Hochreiter M, Mundel M, Freudenberger T. Insert-
able cardiac event recorder in detection of atrial fibril-
lation after cryptogenic stroke: an audit report. Stroke.
2013;44(7):2007-2009.

Healey JS, Connolly SJ, Gold MR, et al. Subclinical
atrial fibrillation and the risk of stroke. N Engl | Med.
2012;366(2):120-129.

Ziegler PD, Glotzer TV, Daoud EG, et al. Detection of
previously undiagnosed atrial fibrillation in patients
with stroke risk factors and usefulness of continuous
monitoring in primary stroke prevention. Am | Cardiol.
2012;110(9):1309-1314.

Glotzer TV, Daoud EG, Wyse DG, et al. The relationship
between daily atrial tachyarrhythmia burden from implant-
able device diagnostics and stroke risk: the TRENDS study.
Circ Arrhythm Electrophysiol. 2009;2(5):474-480.

Kapa S, Epstein AE, Callans D], et al. Assessing arrhythmia
burden after catheter ablation of atrial fibrillation using an
implantable loop recorder: the ABACUS study. ] Cardiovasc
Electrophysiol. 2013;24(8):875-881.

Yang P, Pu L, Yang L, et al. Value of implantable loop
recorders in monitoring efficacy of radiofrequency
catheter ablation in atrial fibrillation. Med Sci Monit.
2016;22:2846-2851.

Pokushalov E, Romanov A, Corbucci G, et al. Use of an
implantable monitor to detect arrhythmia recurrences
and select patients for early repeat catheter ablation for
atrial fibrillation: a pilot study. Circ Arrhythm Electrophysiol.
2011;4(6):823-831.

Bhangu ], McMahon CG, Hall P, et al. Long-term cardiac
monitoring in older adults with unexplained falls and syn-
cope. Heart. 2016;102(9):681-686.

Kenny RA, Bhangu ], King-Kallimanis BL. Epidemiology
of syncope/collapse in younger and older western patient
populations. Prog Cardiovasc Dis. 2013;55:357-363.
Venugopal D, Patterson R, Jhanjee R, et al. Subcutaneous
bioimpedance recording: assessment of a method for hemo-
dynamic monitoring by implanted devices. | Cardiovasc Elec-
trophysiol. 2009;20:76-81.

The Journal of Innovations in Cardiac Rhythm Management, July 2018



