
Clinical Utility of Insertable Cardiac Monitors In Detecting 
Incidental Arrhythmias in Patients with Cryptogenic Strokeand 
Transient Ischemic Attack
Danni Fu1, Xing Dai4, Richard N. Jones 2, Michael Wu 3, Fahd Nadeem3, Shawna Cutting4, Brian Mac Grory5, 
Daniel Sacchetti4, Sleiman El Jamal4, Christoph Stretz4, Michael E. Reznik4, Ali Mahta4, ShadiYaghi4, Karen Furie 4, 
Tina Burton4

1Zucker School of Medicine at Hofstra/Northwell, Northshore University Hospital, Department of Cardiology
2The Warren Alpert Medical School of Brown University, Department of Psychiatry and Neurology
3The Warren Alpert Medical School of Brown University, Department of Cardiology
4The Warren Alpert Medical School of Brown University, Department of Neurology
5Duke University School of Medicine, Department of Neurology

Corresponding Author
Danni Fu, MD,
300 Community Drive, Manhasset, NY 11030
dannifu916@gmail.com

Key Words
Insertable cardiac monitor, incidental arrhythmia, cryptogenic 
stroke, atrial fibrillation

www.jafib-ep.com Volume 15 Issue 5 | Sep 2022

Abstract
Background: Insertable cardiac monitors (ICM) are frequently used as a long-term strategy to detect atrialfibrillation/flutter(AF) in patients 

with cryptogenic stroke (CS)and transient ischemic attacks (TIA).ICM can also detect incidental non-AF arrhythmias that may lead to changes 
in clinical management. One single center study has shown that some patients with incidental arrhythmias found by ICMresulted in changes 
in clinical management. However, many patients had ICMexplanted before the end of battery life and thus studies on incidental arrhythmias 
are limited.

Objective: We sought to determine the detection rate of incidental non-AF arrhythmias with ICM monitoring among patients with CS/TIA. 
We also sought to characterize the frequency of changes in clinical management arising from these incidental arrhythmias.

Methods: All adult patients with ICM placement for CS/TIA at Rhode Island Hospital between 1/2015-1/2019 were included. Patient 
demographics, cardiac risk factors and structural features, and ICM tracings were reviewed. We calculated rates of incidental arrhythmia 
detection in person-years using survival statistics and characterized the rate of changes in clinical management as a result of these incidental 
arrhythmias. 

Results: Three hundred and twelve patients were included with a median follow-up time of 27.9 months (IQR 18.5-35.8 months). Incidental 
non-AF arrhythmias were identified in 110 patients (35.2%) with a median of 7.8 months (IQR 4.4-16.2 months), and detection occurred at 
a rate of 20.1 per 100 person-years. Twelve patients with incidental arrhythmias (10.9%) had a resultant change in management, of whom 
9 had procedural interventions and 3 had medication adjustments. Overall, the rate of clinically significant findings was 2.2 per 100 person-
years. Meanwhile, AF was detected in 51 patients (16.3%) with a median of 3.9 months (IQR 1.3-12.3 months). Eighteen patients had both 
AF and incidental arrhythmias (5.7%) with incidental arrhythmias found after AF in 8 of those patients.Early explantation occurred in 9.3% of 
patients with the most common reason being patient preference. 

Conclusion: Long-term cardiac monitoring may frequently detect incidental and actionable non-AF arrhythmias in patients with CS/TIA. 
Further studies are needed to determine optimal monitoring strategies and to determine the impact of these findings on long-term clinical 
outcomes. 

Introduction
Reliable classification of ischemic stroke etiology is a foundation 

of secondary stroke prevention, but approximately 15-40% of cases 
remain classified as cryptogenic stroke (CS).1The designation of CS 
is assigned according to TOAST criteria if comprehensive diagnostic 
testing is otherwise unrevealing, and this category is further delineated 
to include embolic stroke of unknown source (ESUS) when there is 
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high suspicion for an underlying embolic cause. Although frequently 
undiagnosed, the prevalence of cardiac disease is 10-30% in those with 
CS.2 Cardiac monitoring is therefore critically necessary to identify 
atrial fibrillation/flutter (AF) that increase the risk of thromboembolic 
events arising from an intracardiac source.

AF can be paroxysmal and therefore missed by a short-term external 
cardiac event monitor. As a result, longer-term insertable cardiac 
monitors (ICM) have recently been used with increasing frequency 
for improved arrhythmia detection and monitoring. An ICM is a 
device a few inches in length with a battery life of around 3 years that is 
implanted subcutaneously in the left pectoral region.3,4An ICM stores 
events when it is triggered automatically by programmed criteria or 
by the patient experienced symptoms.4CRYSTAL AF demonstrated 
that ICM implantation increases the detection rate of AF compared to 
conventional monitoring.5 These findings make the ICM an important 
diagnostic tool for AF. Bettin et al. showed that 8.7% of their 173 
CS patients had other clinically significant arrhythmias such as sinus 
pauses and atrial-ventricular nodal reentry tachycardias (AVNRT) 
detected during the course of ICM monitoring. Thirteen patients 
(7.5%) required pacemaker insertion and 2 patients required catheter 
ablation due to these incidental findings. Unfortunately, 64% of the 
patients in that study had a reason for ICM explantation before the 
end of battery life and overall data on the rate of non-AF arrhythmia 
detection using ICM is limited.6Although it has been studied that 
AF incidence detected by ICM plateaus after 2 year,7 we sought to 
determine the utility of additional monitoring.We sought to determine 
the detection rate of incidental arrhythmias with ICM monitoring 
among patients with CS/TIA. We also sought to characterize the 
rate of changes in clinical management arising from the incidental 
arrhythmias.
Methods

This is a single-center retrospective observational study approved 
by the Rhode Island Hospital Institutional Review Boardwith ID 
number 1500869-3. There was no greater than minimal risk to the 
study subjects and waiver of informed consent was obtained. All shared 
data were de-identified. We studied patients admitted to Rhode Island 

Hospital, a Comprehensive Stroke Center in Providence, Rhode Island. 
Consecutive adult patients with either CS orTIA who had Medtronic 
LINQ cardiac monitors implanted between January 1st 2015 and 
January 1st of 2019 were included. These patients were determined to 
have CS/TIA by vascular neurologists and referred to cardiology for 
cardiac monitoring. As part of our institutional practice, patients were 
first discharged with a 30-day cardiac monitor that auto triggers for: 
bradycardia (≤50 bpm), tachycardia (≥150 bpm), pauses ≥ 3 seconds, 
and atrial fibrillation/flutter with recordings 1 minute pre and 1 minute 
post. If no atrial fibrillation/flutter were identified, they were referred 
for ICM outpatient. Vulnerable populations such as prisoners and 
pregnant patients were excluded. 

 
Patient information was retrospectively abstracted from the 

institutional electronic medical record, including demographics (age 
at ICM implant, sex, race, and BMI), cardiovascular risk factors (history 
of diabetes, smoking, hypertension, chronic kidney disease, chronic 
obstructive pulmonary disease, obstructive sleep apnea, hyperlipidemia, Figure 1: Number of patients enrolled and percentage of patients with AF 

and incidental arrhythmias

Table 1: Baseline Characteristics

CHARACTERISTICS TOTAL (N = 312)

Mean Age at implant (years)
   Range (years)

64.7
   26.0 – 94.0

Sex (%)
   Female
   Male 

163 (52.2)
149 (47.8)

Race (%)
   Asian
   Black
   Hispanic/Latino
   White
   Other
   Not available

5 (1.6)
17 (5.4)
36 (11.5)
249 (79.8)
2 (0.6)
3 (1.0)

BMI (mean)
   Range

29.1
   17.4 – 44.1 

  Risk factors N (%)
   Coronary artery disease
   Hypertension
   Hyperlipidemia
   Diabetes mellitus (Type 1 or 2)
   Chronic kidney disease
   Hypothyroidism
   Hyperthyroidism
   Obstructive sleep apnea
   Chronic obstructive pulmonary disease
   Smoking
   Vascular disease

76 (24.4)
222 (71.2)
204 (65.4)
95 (30.4)
28 (9.0)
32 (10.3)
3 (1.0)
44 (14.1)
33 (10.6)
46 (14.7)
21 (6.7)

Cardiac abnormalities N (%)
   Myocardial infarction
   Valvular disease
   Heart failure 
   Pulmonary embolism w/o right heart strain
   Pulmonary embolism w/ right heart strain
   Congenital heart disease/PFO

17 (5.5)
20 (6.4)
45 (14.5)
6 (1.9)
0 (0.0) 
37 (11.6)

EKG characteristics (mean)
   PR interval (msec)
      Range (msec)
   QTc (msec)
      Range (msec)

171.9 
   112.0 – 336.0 
434.9
   368.0 – 519.0

SD: standard deviation, TIA: transient ischemic attack, CVA: cerebrovascular accident 
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coronary artery disease, vascular disease, hypo- or hyperthyroidism), 
and history of cardiac disease (myocardial infarction, pulmonary 
embolism, structural/congenital abnormalities, heart failure). We also 
collected relevant electrocardiogram (EKG) data (PR interval and QTc 
length), ICM data (date of implant/explant, reason for explant, date of 
AF/arrhythmia detection), and any changes in clinical management as 
a result of ICM tracings.

AF is defined as any positive AF event logged in the ICM. ICM 
settings at Rhode Island Hospital for CS/TIA were balanced for AF 
detection threshold, aggressive for ectopy rejection, and all for episode 
storage threshold. Because Medtronic uses Lorenz plot to automatically 
categorize AF/atrial tachycardia (AT) episodes within a 2-minute 
period, there is no specific time limit we set for AF detection. But for 
an AF episode to be considered, it must be > 30 seconds. We defined 
incidental arrhythmias as any abnormal rhythm other than AF including 
but not limited to: non-sustained ventricular tachycardia (ventricular 
tachycardia that is >100 bpm and <30 seconds), ventricular tachycardia 
(> 30 seconds), supraventricular tachycardia (> 100 bmp with similar 
QRS morphology as baseline rhythm), sinus pause (pause > 3 seconds), 
bradycardia (<40 bmp), and AV block (heart block more significant 

than Mobitz Type 1). All available electrograms were adjudicated by 
an attending from the electrophysiology department around the time 
of remote or in-person check to ensure premature atrial contractions/
ectopies were not incorrectly categorized as AF before the final reports 
were made available. The final reports were used for the study. However, 
the data were not re-adjudicated for this retrospective study.Clinically 
significant findings are incidental arrhythmias that resulted in a change 
in medical or procedural management. Intervention for incidental 
arrhythmias is proceeded at the discretion of theelectrophysiologist. 
Early explantation is defined as removal of ICM before three years, 
which is the typical battery life indicated by the manufacturer.

 
Our primary outcomes were the rate of occurrence of incidental 

arrhythmias on ICM and the rate of clinically significant arrhythmias. 
Secondary outcomes include median length of monitoring prior to 
detection of AF, median length of monitoring prior to detection 
of incidental arrhythmia, number of individuals with both AF 
and incidental arrhythmias, number of individuals with incidental 
arrhythmias detected after AF, number of clinically significant 
arrhythmias after AF was identified, percentage of early explantation, 
reasons for early explantation, and any association between incidental 
arrhythmias and baseline patient co-morbidities/characteristics.

STATISTICAL ANALYSIS
Descriptive statistics included chi-square and t-tests for 

comparison of patient characteristics and incidental arrhythmias. 
We evaluated the rate of incidental arrhythmiasin person-years 
using survival statistics and determined association between patient 
characteristics with incidental arrhythmias using bivariable Cox 
proportional hazards models. Statistical analysis was completed with 
Stata software (version 16.1, Stata Corp, College Station, Texas).

Results
A total of 312 subjects were included in this study, with mean age 

of 64.7±13.1 years and 52.2% were males. The majority of subjects 
were white (79.8%) with a mean BMI of 29.1±5.5. Other baseline 
characteristics and EKG characteristics are summarized in Table 1. 
Baseline co-morbidities included 71.2% with hypertension, 65.4% 
with hyperlipidemia, 30.4% with either insulin-dependent or non-
dependent diabetes, 14.1% with obstructive sleep apnea, 5.5% with 

Figure 2: Events over time

Table 2: Incidental arrhythmias compared by sex and age.

INCIDENTAL 
ARRHYTHMIA

N (%) COMPARED BY SEX COMPARED BY AGE

M (n) F (n) P-value ≤ 65 yo (n) > 65 yo 
(n)

P-value

None 199 (63.8) 96 103 0.060 114 85 0.009

Non-sustained 
ventricular 
tachycardia

12 (3.8) 7 5 0.667 4 8 0.200

Sinus bradycardia 56 (17.9) 37 19 0.022 22 34 0.044

Supraventricular 
tachycardia

40 (12.8) 22 18 0.709 17 23 0.225

Sinus pause/AV-
block

32 (10.3) 22 10 0.048 12 20 0.135
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to have fewer incidental arrhythmias in general compared to those over 
the age of 65 (p = 0.009). 

Out of all patients with incidental arrhythmias, 12 had a change 
in clinical management, 9 with procedural interventions and 3 
with medication adjustments shown in Figure 1. The overall rate 
of actionable incidental findings is 2.2 per 100 person-years. One 
patient had non-sustained ventricular tachycardia that prompted a 
left heart catheterization, which found significant coronary artery 
disease and led to attempted stent placement. One patient underwent 
polysomnography for investigation of transient nocturnal heart 
block. Seven patients had pacemaker placement for symptomatic 
bradycardia or AV-block. Two patients were started on beta-blockers 
for symptomatic supraventricular tachycardia, and one patient was 
advised to increase dosage of their beta-blocker for symptomatic 
supraventricular tachycardia. Ten out of the 12 patients experienced 
symptoms correlating with their ICM findings. 

 
Atrial fibrillation was detected in 51 patients (16.3%) and median 

detection time was 3.9 months with IQR of 1.3 – 12.3 months. Eighteen 
patients (5.7%) had both AF and incidental arrhythmias, and out of 
these patients, 8 had their incidental arrhythmia diagnosed after AF. In 
these 8 patients, the median time between AF diagnosis and incidental 
arrhythmia diagnosis was 6.8 months with a standard deviation of 4.8 
months. One of the 8 patients had a clinically significant arrhythmia 
that involved pacemaker placement for complete heart block, which 
happened 3 months and 2 days after AF was identified. Figure 2 shows 
the events including AF and incidental arrhythmias over time as well 
as time to explantation. 

 
Table 3-1 shows the association of background patient characteristics 

with the risk of incidental arrhythmias. We found that older age was 
significantly associated with the detection of incidental arrhythmias 
(HR 1.91 per 2-SD increase in age with p = 0.001) and men had more 
incidental arrhythmias than women (HR = 0.65 and p = 0.03). From 
a univariate regression analysis, we see that specifically age > 85 years 
is associated with the most benefit from ICM placement as shown 
in Table 3-2.However, other patient characteristics including race, 
BMI, cardiac risk factors, other comorbidities, and EKG characteristics 
were not significant independent predictors of incidental arrhythmias. 
Hyperlipidemia was the only significant independent predictor, with 
p = 0.03, to which we attribute our small sample size.

 
Early ICM explantation occurred in 29 (9.3%) patients. The most 

common reasons included patient preference (12 patients), followed 
by diagnosis of AF and early battery depletion, amongst other reasons 
(Table 4).

Discussion 
  In this retrospective observational study we demonstrated that in 
patients with CS/TIA long term monitoring with ICM may have 
additional benefits other than detection of AF. Our study established 
that these patients have a high rate of non-AF incidental arrhythmias 
(35.3%) and clinically significant arrhythmias (3.8%) that subsequently 
required in changes in clinical management. 

  Insertable cardiac monitors have become an essential tool in the 

prior myocardial infarction, and 11.6% with congenital heart disease 
including patent foramen ovale, amongst others. We collected EKG 
characteristics including PR interval and QTc length. The median PR 
interval was 171.9 with a range of 112.0 – 336.0 and median QTc was 
434.9 with a range 368.0 – 519.0. 

 
Incidental arrhythmias were found in 110patients (35.3%) and 

median time to detection was 7.3 months with inter-quartile range 
(IQR) of 3.9 to 15.7 months. This yielded an overall rate of 20.1per 
100 person-years. These incidental arrhythmias include 12 (3.8%) 
patients with non-sustained ventricular tachycardia, 56 (17.9%) with 
sinus bradycardia, 40 (12.8%) with supraventricular tachycardia, and 32 
(10.3%) with AV-block as summarized in Table 2. Sinus bradycardia 
and AV-block were found more commonly in men (p=0.022 and 0.048, 
respectively) and sinus bradycardia was found more commonly in those 
over 65 years of age (p = 0.044). Those aged 65 or younger were found 

Table 3-1:
Association of background characteristics with risk of incidental 
arrhythmias

CHARACTERISTICS HR P-value 95% CI

Demographics
   Age at implant (per 2SD)
Sex (M/F)
   Race other than white (vs. white)
   BMI (per 2SD) 

1.92
0.66
0.79
0.75

0.001
0.03
0.34
0.14

1.30 – 2.85
 0.45 – 0.96
0.49 – 1.28
0.51 – 1.10

Risk factors
   Coronary artery disease
   Hypertension
   Hyperlipidemia
   Diabetes mellitus (Type 1 or 2)
   Chronic kidney disease
   Hypothyroidism
   Hyperthyroidism
   Obstructive sleep apnea
   Chronic obstructive pulmonary disease
   Smoking
   Vascular disease

1.48
1.29
0.64
0.86
1.69
0.87
0.69
1.21
0.99
1.01
1.22

0.06
0.25
0.02
0.49
0.08
0.65
0.71
0.47
0.97
0.96
0.56

0.99 – 2.21
0.83 – 1.99
0.44 – 0.94
0.57 – 1.30
0.95 – 3.03
0.46 – 1.62
0.10 – 4.92
0.72 – 2.03
0.53 – 1.85
0.60 – 1.70
0.62 – 2.42

Cardiac abnormalities
   Myocardial infarction
   Valvular disease
   Heart failure 
   Pulmonary embolism w/o right heart strain
   Congenital heart disease/PFO

1.00
0.99
0.97
0.81
1.35

> 0.99
0.98
0.90
0.77
0.27

0.44 – 2.29
0.43 – 2.25
0.57 – 1.65
0.20 – 3.28
0.79 – 2.29

EKG characteristics
   PR interval (per 2SD)
   QTc (per 2SD)

1.22
1.53

0.28
0.08

0.85 – 1.75
0.95 – 2.45

Table 3-2: Association of background characteristic with risk of incidental 
arrhythmias: Breaking down the effect of age

Age at implant (years) N HR P-value 95% CI

< 60 113 0.60 0.12 0.32 – 1.15

60-64 40 1.00 Ref

65-69 40 1.40 0.34 0.70 – 2.79

70-74 42 0.66 0.31 0.30 – 1.46

75-79 30 1.79 0.11 0.87 – 3.67

80-84 27 1.30 0.51 0.59 – 2.87

>85 19 2.32 0.04 1.05 – 5.11
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of the ICM. Sinus bradycardia as a clinically relevant arrhythmia was 
included in our study, but it was unclear whether it was included in 
Bettin’s study, which could have contributed to a higher percentage 
of incidental arrhythmias in our study, but with less meaningful 
interventions. 

  Potentially owing to our larger sample size, we found a statistically 
significant association between older age and the number of incidental 
arrhythmias, which had not been previously described (p=0.001) and we 
believe to be a more accurate relationship. Those age > 85 years benefited 
most from ICM placement. One study has found sinus bradycardia and 
AV-block to be more common in males, which was attributed to levelof 
physical activity, body habitus, or even the intrinsic electrophysiological 
properties of the sinus node and autonomic nervous system.11-13Sinus 
bradycardia was also more common in those over the age of 65 in our 
study likely associated with sick sinus syndrome in the elderly, which 
is often asymptomatic.14Otherwise, our results were consistent with 
Bettin et al. in finding that there were no significant differences in other 
baseline characteristics and cardiovascular co-morbidities in those 
with and without incidental arrhythmias. Additionally, we did not find 
any correlation between increasing PR intervals and QTc length with 
incidental arrhythmias. This is likely because we are combining various 
types of incidental arrhythmias as one entity rather than evaluating 
one specific arrhythmia, since prolonged PR interval is known to be 
associated with AF.15

 
   ICMs have a battery life of about 3 years per manufacturer. Bettin et 
al. showed a high percentage of their patients had their ICM explanted 
before the end of battery life for various reasons, but primarily due 
to patient preference.6 In our study, we had a much lower rate of 
explantation at 9.3% with the primary reason again being patient 
preference. Having a longer median follow-up period and a lower 
rate of early explantation allowed us to monitor for more incidental 
arrhythmias over a longer period of time. As described by Bettin et al., 
many incidental arrhythmias are discovered after AF.6 Our study again 
showed that the median time of diagnosis for AF was 3.9 months, while 
for incidental findings it was 7.3 months. However, for those who had 
both AF and incidental arrhythmias in our study, only 8 had incidental 
arrhythmias discovered after AF and only 1 of those patients had a 
clinically significant arrhythmia. This may be simply due to variation 
of patient population. Our results are overall consistent with Bettin 
in that clinically significant arrhythmias can be observed after the 
detection of AF. 
 
   We expected that a number of CS/TIA patients with ICM will have 
clinically significant arrhythmias recorded other than AF. Overall, 
we found that the rate of incidental arrhythmias on ICM is 20.1 per 
100 person-years, while the rate of clinically significant arrhythmias 
is 2.2 per 100 person-years. This information can be used to make 
recommendations to patients to keep their ICMs implanted despite 
a patient preference to have it explanted before the end of battery life. 
There are currently not enough studies to recommend a definitive 
length of time for ICMmaintenance, but because the risk of ICM 
implantation and maintenance is low, the benefit of maintaining it 
until battery depletion likely outweighs the risk.
  

detection of atrial fibrillation in patients with cryptogenic stroke. 
As demonstrated by XPECT, ICM allows for high sensitivity while 
looking for paroxysmal AF, having an overall accuracy for detecting 
AF of 98.5%.8 The acute procedural success of the implantation is 
high and the overall complication rate is low 1.6-2.4%.5,9ICM is well 
established to be accurate at detecting AF and is overall safe with low 
complication rates.

  CRYSTAL AF showed that there is a significantly higher detection 
rate of AF in patients with CS who have an ICM compared to 
conventional follow-up.5Other recent study also found that ICM was 
independently associated with an increased likelihood of AF detection 
in CS during follow-up. Patients receiving ICM were found to have 
significantly higher rates of anticoagulation initiation and lower risk 
of stroke recurrence.10Based on the results of CRYSTAL AF, the 2019 
ACC/AHA/HRS give a IIa recommendation for ICM implantation 
in patients with cryptogenic stroke in whom external monitoring is 
inconclusive. In CRYSTAL-AF, the detection rate for AF was about 
20% at the 24-month mark, which was similar in our study with a 16% 
detection rate at the 27-month median.5
 
  There are few studies that describe the incidental arrhythmias 
detected in CS patients on ICM other than AF. Bettin et al. studied 
173 patients with CS who received ICM and observed clinically 
significant non-AF arrhythmias that subsequently required procedures 
or other interventions. Fifteen (8.7%) of the subjectshad incidental 
arrhythmias including symptomatic or asymptomatic sinus arrest, 
atrial flutter, bradyarrhythmia, and AVNRT. Thirteen (7.5%) of these 
subjects required pacemaker placement for symptomatic sinus arrest 
or sinus bradyarrhythmia and 2 (1.2%) patients received successful 
electrophysiology studies and ablation following discovery of atrial 
flutter and AVNRT. Four of these patients with resultant change in 
clinical management had incidental arrhythmia detected after AF. 
Unfortunately, the study population was relatively small at 173 subjects 
and early explantation rate was high.6 In our study, we aimed to confirm 
and expand uponBettin’s study with a larger patient population of 312 
with improved retention of device. We found a much larger percentage 
of patients at 35.3% with incidental arrhythmias but only 3.8% with 
resultant change in clinical management. Only 1 patient had a clinically 
significant arrhythmia that was found after AF. Our study benefits from 
a larger sample size and better patient compliance with maintenance 

Figure 4: Reasons for early explantation

REASON FOR EXPLANTATION N (%)

Total 312 (100)

   Not yet explanted 283 (90.7)

   Diagnosis of atrial fibrillation 6 (1.9)

   Discomfort 2 (0.6)

   Patient preference 12 (3.8)

   Early battery depletion 4 (1.3)

   Others 5 (1.6)
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EN, Richards M. Real-World Experience with Insertable Cardiac Monitors to Find 
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8. Hindricks G, Pokushalov E, Urban L, Taborsky M, Kuck KH, Lebedev D, Rieger 
G, Purerfellner H. Performance of a New Leadless Implantable Cardiac Monitor 
in Detecting and Quantifying Atrial Fibrillation: Results of the XPECT Trial. Circ 
ArrhythmElectrophysiol. 2010 Apr;3(2):141-7.

9. Kipp R, Young N, Barnett A, Kopp D, Leal MA, Eckhardt LL, Teelin T, Hoffmayer 
KS, Wright J, Field M. Injectable Loop Recorder Implantation in an Ambulatory 
Setting by Advanced Practice Providers: Analysis of Outcomes. Pacing Clin 
Electrophysiol. 2017 Sep;40(9):982-985.

10. Triantafyllou S, Katsanos AH, Dilaveris P, Giannopoulos G, Kossyvakis C, 
Adreanides E, Liantinioti C, Tympas K, Zompola C, Theodorou A, Palaiodimou 
L, Flevari P, Kosmidou M, Voumvourakis K, Parissis J, Deftereos S, Tsivgoulis G. 
Implantable Cardiac Monitoring in the Secondary Prevention of Cryptogenic 
Stroke. Annals of Neurology. 2020 Nov;88(5):946-955.

11. Khane RS, Surdi AD. Gender Differences in the Prevalence of Electrocardiogram 
Abnormalities in the Elderly: A Population Survey in India. Iran J Med Sci. 2012 
Jun;37(2):92-99.

12. Burke JH, Ehlert FA, Kruse JT, Parker MA, Goldberger JJ, Kadish AH. Gender-
specific Difference sin the QT Interval and the Effect of Autonomic Tone and 
Menstrual Cycle in Healthy Adults. Am J Cardiol. 1997 Jan 15;79(2):178-81.

13. Ghani A, Maas AHE, Delnoy PPHM, Misier ARR, Ottervanger JP, Elvan A. 
Sex-Based Differences in Cardiac Arrhythmias, ICD Utilization and Cardiac 
Resynchronization Therapy. Neth Heart J. 2011 Jan;19(1):35-40.

14. Khanna S, Sreedharan R, Trombetta C, Ruetzler K. Sick Sinus Syndrome: Sinus 
Node Dysfunction in the Elderly. Anesthesiology. 2020 Feb;132(2):377-378.

15. Chun KJ, Kwang JK, Park SJ, On YK, Kim JS, Park KM. Electrical PR Interval 
Variation Predicts New Occurrence of Atrial Fibrillation in Patients with Frequent 
Premature Atrial Contractions. Medicine (Baltimore). 2016 Apr;95(14):e

  For a potential future study, it would be valuable to compare the 
intracardiac electrograms from ICM with the telemetry monitoring 
while patients were admitted in the hospital. That would help us 
document how much additional information is provided by ICM 
which are frequently missed on telemetry.
 
Conclusions

This study demonstrates a large number of incidental arrhythmias on 
implantable ICMs aside from AF in patients with CS/TIA. A number 
of these findings were clinically significant, leading to pacemaker 
placement, medication adjustments, and other procedures. Given the 
low risk of ICM implantation and adverse effects associated with 
maintenance as demonstrated by multiple prospective and retrospective 
studies, we recommend keeping ICMs implanted until the end of 
battery life for patients with CS/TIA, even after AF detection.

Limitations
There are several limitations to our study. Because it was conducted 

at a single center, our study sample may have been subject to selection 
bias, and clinical management at our institution may not reflect practice 
patterns at other centers. Further, our institutional demographic may 
not be readily generalizable given a relatively low proportion of non-
white patients. Finally, as a retrospective study, there was a lack of 
prospective follow-up on the patients who received interventions 
or other changes in management arising from the detection of an 
incidental arrhythmia. This prevented us from assessing their clinical 
outcomes and makes it difficult to determine whether the interventions 
they received were associated with long-term benefits. These limitations 
make a large-scale multi-center prospective study necessary to further 
define optimal ICM monitoring strategies.
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