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Changes in Clinical Management
Following 14-Day Ambulatory ECG
Monitoring Following Emergency
Department Evaluation for
Unexplained Syncope
Table 1. Characteristics of patients discharged from the ED and
ED observation unit wearing a 14-day ambulatory ECG monitor
during the study period.

Demographics
ED Observation Discharge

(n [ 64)
ED Discharge
(n [ 51)

Age (y), mean (SD) 63.7 (17.2) 51.9 (16.7)

Male 30 (47%) 25 (49%)

Race

American Indian 1 (2%) 3 (6%)

Asian 3 (5%) 2 (4%)

Asian, White 0 1 (2%)

Black 2 (3%) 1 (2%)

Declined 1 (2%) 2 (4%)

Pacific Islander 0 1 (2%)

White 57 (88%) 41 (80%)
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INTRODUCTION
Syncope is a common emergency department (ED)

presentation estimated to cost the US health care system
$2.3 billion annually.1 Research has focused on risk
stratification instruments for major adverse events following
ED evaluation for syncope.1 Wearable, patch-based 14-day
ambulatory ECGmonitors can easily be placed in the ED at
discharge.2 The Diagnostic Yield of an Ambulatory Patch
Monitor in Unexplained Emergency Department Syncope
(PATCH-ED) study found that ambulatory ECG monitor
placement following an ED evaluation for syncope increased
arrhythmia diagnoses compared to historical controls.2 The
Monitoring of SYNcopes and/or sustained palpitations of
suspected ARRhythmic origin (SYNARR-Flash) trial
showed increased arrhythmia diagnosis when the
ambulatory ECG monitor was placed closer to the
antecedent syncopal event.3 Many patients who experience
syncope do not follow up for outpatient cardiac
monitoring.4 No study to date has addressed the clinical
impacts of ED-initiated ambulatory ECG monitor
placement for unexplained syncope. We initiated an ED-
based protocol for 14-day ambulatory ECG monitor
placement by ED staff following evaluation for syncope. The
objective of this study was to evaluate this protocol’s effect
on medical management.
Ethnicity

Hispanic 3 (5%) 0

Non-Hispanic 47 (73%) 46 (90%)

Unknown 2 (3%) 1 (2%)

Declined 12 (19%) 4 (8%)

Medical comorbidities

Congestive heart failure 13 (20%) 5 (10%)

Myocardial infarction 6 (9%) 6 (12%)

Coronary artery disease 12 (19%) 5 (10%)

Atrial fibrillation/flutter 7 (11%) 2 (4%)

Arrhythmia, other 10 (16%) 6 (12%)

Valvular heart disease 14 (22%) 5 (10%)

Heart palpitations 14 (22%) 10 (20%)

Variable distributions are reported as n (%) unless otherwise specified.
METHODS
This was a retrospective study of patients discharged from

the ED or ED observation unit of a single, urban, tertiary
care academic hospital with an annual ED volume of 50,000
patients. This manuscript is compliant with Strengthening
the Reporting of Observational Studies in Epidemiology
guidelines for observational studies. We included patients
with unexplained syncope from February 2019 toMay 2021
who had a 14-day ambulatory ECG monitor (Zio XT,
iRhythm) placed at the time of discharge. The discharging
clinician had the option of ordering an ambulatory ECG
monitor for any patient with syncope during this period and
did so based on clinical suspicion of arrhythmia. Ambulatory
ECG monitoring findings were verified by cardiology.
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Emergency physicians advised follow-up in ED or at clinic as
clinically indicated. Change in medical management was
defined as (1) initiation of or change in antiarrhythmic
medications, (2) diagnostic testing as defined by orders
placed after acquiring ambulatory ECG monitoring results,
or (3) cardiac-related procedures for management of
arrhythmias identified by the ambulatory ECG monitor.

Emergent arrhythmias were defined by iRhythm protocol
(sinus pause of >5 seconds, high-grade heart block, or
ventricular tachycardia). Chart abstractors (C.G. and C.F.)
were not blinded to outcomes. Abstractions occurred 1 year
following the end of the study period. Coding rules and
classifications were reviewed and adjudicated by the
principal investigator (A.B.M.). Descriptive statistics were
performed using STATA v17 (Stata Corp).

RESULTS
During the study period, 1,602 ED patients were

diagnosed with syncope. We included 126 patients with a
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mean (SD) age of 59 years (18 years) (53% women) who
underwent ambulatory ECG monitor placement in the ED
or EDobservation unit at the time of discharge (Table 1).One
hundred fifteen patients (91%) returned the ambulatory ECG
monitor and were included in our final analysis. Fifty-one
patients were discharged from the ED, and 64 patients were
admitted to and subsequently discharged from the ED
observation unit. Twelve patients (10.3%; 95% confidence
interval [CI] 5.5% to 17.5%) had ambulatory ECG
monitoring findings resulting in change in medical
management. Of these 12 patients, 4 (3.5%; 95% confidence
interval 0.9% to 8.6%) returned to the ED for an emergent
arrhythmia. Detected arrhythmias prompted the following
interventions: initiation or adjustment of antiarrhythmic
Table 2. Demographics, arrhythmia diagnosis, and medical
management following ambulatory ECG monitoring for unexplained
syncope.

Patient
Age
(y) Sex Arrhythmia

Medical
Management

Change

1* 67 M VT ICD threshold change,

increase amiodarone

2* 72 F Intermittent CHB Pacemaker implantation

3* 84 M Mobitz II, NSVT,

ventricular

pause

Pacemaker implantation

4* 73 M Sinus pause, CHB Pacemaker implantation

5 62 M NSVT, trigeminy Left heart catheterization,

increase metoprolol

6 73 F SVT, NS-SVT,

NSVT

Implantable loop recorder,

start carvedilol

7 84 F AFib, NSVT Implantable loop recorder,

start metoprolol

succinate

8 40 F Intermittent

Mobitz I,

brief CHB

Implantable loop recorder

9 69 M NS-SVT Start metoprolol

succinate,

nuclear medicine study

10 82 F NSVT, NS-SVT Start metoprolol succinate

11 70 M NS-SVT Start metoprolol succinate

12 65 F SVT, NSVT,

high PVC

burden

Increase metoprolol

succinate,

left heart

catheterization,

PVC ablation

AFib, Atrial fibrillation; CHB, complete heart block; F, female; ICD, implantable cardiac
defibrillator; M, male; NS-SVT, nonsustained supraventricular tachycardia; NSVT,
nonsustained ventricular tachycardia; PVC, premature ventricular contraction; SVT,
supraventricular tachycardia; VT, ventricular tachycardia.
*Patients 1 to 4 were contacted to immediately return to the ED based on their
ambulatory ECG monitoring findings. Interventions are as listed above.
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medications for 8 patients (67%); pacemaker implantation for
4 patients (25%), implantable loop recorder for 4 patients
(25%), diagnostic cardiac catheterization for 2 patients
(16.7%), and catheter ablation for 1 patient (8.3%) (Table 2).
No patient experienced death due to any cause, syncope,
sudden death, or injury due to arrhythmia after ED discharge
during the 14-day monitoring period.
DISCUSSION
Limitations of this study include small sample size,

single-center design, retrospective review, and lack of a
control group, time-to-treatment analysis, and blinding of
data abstractors. During the study period, results were
managed by the prescribing physician or advanced practice
provider. To improve efficiency and continuity of care, the
electrophysiology department subsequently assumed
responsibility for following up on ED-prescribed
ambulatory ECG monitoring results. In this sample of
patients with unexplained syncope who had ambulatory
ECG monitors placed at ED or ED observation unit
discharge, changes in medical management occurred in
10% of patients. Four patients (3.5%) were found to have
an emergent arrhythmia warranting immediate return to
the ED. Although this exceeds the widely accepted ED
benchmark of a 2% miss rate for life-threatening events
such as acute coronary syndrome, none of our patients had
arrhythmia-related morbidity or mortality during the
follow-up period.5 ED-placed ambulatory ECG monitors
for unexplained syncope had high compliance, frequently
diagnosed arrhythmic etiologies of syncope, and led to
clinically important changes in medical management.
Future prospective trials should assess the time to change in
medical management and time to arrhythmia diagnosis and
incorporate a control group.

Andrew B. Moore, MD, MCR
Colin Gershon, NP, MPH
Christa Fiske, PA-C
Benjamin Sun, MD, MPP
Babek Nazer, MD
Bory Kea, MD, MCR

https://doi.org/10.1016/j.annemergmed.2023.12.009

Supervising editor: Keith A. Marill, MD, MS. Specific detailed
information about possible conflicts of interest for individual
editors is available at https://www.annemergmed.com/editors.

Author affiliations: From the Department of Emergency Medicine
(Moore), Virginia Tech Carilion School of Medicine, Roanoke, VA;
the Department of Emergency Medicine (Gershon, Fiske, Kea),
Oregon Health and Science University, Portland, OR; the
Department of Emergency Medicine (Sun), University of
Volume -, no. - : - 2023

https://doi.org/10.1016/j.annemergmed.2023.12.009
https://www.annemergmed.com/editors


Moore et al Ambulatory ECG Monitoring Following Emergency Department Evaluation for Unexplained Syncope
Pennsylvania Scholl of Medicine, Philadelphia, PA; and the Division
of Cardiology (Nazer), University of Washington School of Medicine,
Seattle, WA.

Corresponding Author email: abmoore2@vt.edu

Author contributions: ABM: trial design, data analysis, data
adjudication, manuscript preparation and editing. CG: data
abstraction, manuscript preparation and editing. CF: data
abstraction, manuscript preparation and editing. BCS: trial design,
manuscript editing. BN: trial design, data analysis and
adjudication, manuscript preparation and editing. BK: data
analysis, manuscript preparation and editing. ABM takes
responsibility for the manuscript as a whole.

Data sharing statement: Partial or complete datasets and data
dictionary are available from January 12, 2024 upon request to Dr
Moore at abmoore2@vt.edu, to investigators who provide an IRB
letter of approval.

All authors attest to meeting the four ICMJE.org authorship criteria:
(1) Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for the
work; AND (2) Drafting the work or revising it critically for important
intellectual content; AND (3) Final approval of the version to be
published; AND (4) Agreement to be accountable for all aspects of
the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and
resolved.

Funding and support: By Annals’ policy, all authors are required to
disclose any and all commercial, financial, and other relationships
in any way related to the subject of this article as per ICMJE conflict
of interest guidelines (see www.icmje.org). Dr. Moore, the primary
Volume -, no. - : - 2023
author, currently has a grant with Philips/BioTel to perform a
randomized controlled trial using remote mobile cardiac outpatient
telemetry for patients with unexplained syncope following workup
in the emergency department or emergency department clinical
decision unit. The device, device functionality, and funding
company are all different from the device used in this brief
research letter. Dr. Kea is funded by the National Institutes of
Health: National Heart, Lung, and Blood Institute R01HL157598.
Dr. Nazer is funded by an educational grant from Boston Scientific.
Dr. Sun is a consultant for Medtronic. The authors report this
article did not receive any outside funding or support.

Publication dates: Received for publication June 27, 2023.
Revisions received November 28, 2023; December 4, 2023, and
December 7, 2023. Accepted for publication December 8, 2023.

1. Probst MA, Gibson T, Weiss RE, et al. Risk stratification of older adults
who present to the emergency department with syncope: the FAINT
score. Ann Emerg Med. 2020;75:147-158.

2. Reed MJ, Grubb NR, Lang CC, et al. Diagnostic yield of an ambulatory
patch monitor in patients with unexplained syncope after initial
evaluation in the emergency department: the PATCH-ED study. Emerg
Med J. 2018;35:477-485.

3. Locati ET, Moya A, Oliveira M, et al. External prolonged
electrocardiogram monitoring in unexplained syncope and
palpitations: results of the SYNARR-Flash study. Europace. 2016;18:
1265-1272.

4. Cook OG, Mukarram MA, Kim SM, et al. Application of outpatient
cardiac testing among emergency department patients with syncope.
Emerg Med J. 2018;35:486-491.

5. Backus BE, Six AJ, Kelder JC, et al. A prospective validation of the HEART
score for chest pain patients at the emergency department. Int J
Cardiol. 2013;168:2153-2158.
Annals of Emergency Medicine 3

mailto:abmoore2@vt.edu
mailto:abmoore2@vt.edu
http://ICMJE.org
http://www.icmje.org/
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref1
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref1
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref1
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref2
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref2
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref2
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref2
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref3
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref3
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref3
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref3
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref4
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref4
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref4
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref5
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref5
http://refhub.elsevier.com/S0196-0644(23)01432-4/sref5

	Changes in Clinical Management Following 14-Day Ambulatory ECG Monitoring Following Emergency Department Evaluation for Une ...
	Introduction
	Methods
	Results
	Discussion


