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Introduction: Many emergency department (ED) patients have symptoms that may be attributed to
arrhythmias, necessitating outpatient ambulatory cardiac monitoring. Consensus is lacking on the
optimal duration of monitoring. We describe the use of a novel device applied at ED discharge that
provides continuous prolonged cardiac monitoring.

Methods: We enrolled discharged adult ED patients with symptoms of possible cardiac arrhythmia.
A novel, single use continuous recording patch (Zio®Patch) was applied at ED discharge. Patients
wore the device for up to 14 days or until they had symptoms to trigger an event. They then returned
the device by mail for interpretation. Significant arrhythmias are defined as: ventricular tachycardia
(VT) 24 beats, supraventricular tachycardia (SVT) 24 beats, atrial fibrillation, 23 second pause, 2nd
degree Mobitz I, 3rd degree AV Block, or symptomatic bradycardia.

Results: There were 174 patients were enrolled and all mailed back their devices. The average age
was 52.2 (+ 21.0) years, and 55% were female. The most common indications for device placement
were palpitations 44.8%, syncope 24.1% and dizziness 6.3%. Eighty-three patients (47.7%) had =1
arrhythmias and 17 (9.8%) were symptomatic at the time of their arrhythmia. Median time to first
arrhythmia was 1.0 days (IQR 0.2-2.8) and median time to first symptomatic arrhythmia was 1.5
days (IQR 0.4-6.7). 93 (53.4%) of symptomatic patients did not have any arrhythmia during their
triggered events. The overall diagnostic yield was 63.2%

Conclusion: The Zio®Patch cardiac monitoring device can efficiently characterize symptomatic
patients without significant arrhythmia and has a higher diagnostic yield for arrhythmias than
traditional 24-48 hour Holter monitoring. It allows for longer term monitoring up to 14 days. [West J
Emerg Med. 2014;15(2):194—-198.]

INTRODUCTION ambulatory cardiac monitoring such as the need for cardiology
Symptoms attributed to possible cardiac arrhythmias, consultation, availability of cardiac monitoring devices and

such as syncope, palpitations or dizziness, are common patient compliance.

presenting complaints to the emergency department (ED) and

may account for 3-4% of all ED visits. ED management is Importance

driven by risk assessment and current guidelines.' Admission The gold standard for diagnosing an arrhythmia as the

rates, however, remain high and inpatient management etiology for the patient’s symptoms is electrocardiogram

is expensive.® Outpatient management for ED patients (ECG) documentation of a rhythm disturbance at the time

has been complicated by logistical barriers to outpatient of symptoms.'> The optimal device for ambulatory cardiac
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monitoring is based on the frequency of symptoms. Typically,
a 24-48 hour Holter monitor is used.'**’ However, consensus
is lacking in the literature on the optimal duration of cardiac
monitoring. The American College of Emergency Physicians’
clinical policy on syncope suggests that Holter monitoring
beyond 24 hours is unlikely to increase detection of significant
arrhythmias.’ Other authors report that 24-hour Holter
monitoring is insufficient, and ambulatory cardiac monitoring
for 1-6 weeks may be required.”°

Goals of this Investigation

In this study, we describe the use of a novel portable
ambulatory cardiac monitoring device applied upon
discharge from the ED that provides continuous monitoring
for up to 14 days. Our goal was to determine the diagnostic
yield of such a device and to determine the value of
prolonged monitoring of low-risk discharged ED patients
with possible cardiac arrhythmia.

METHODS
Study Design and Setting

We completed an observational study at 3 academic EDs in
the United States between February 2011 and February 2012.

Selection of Participants

We enrolled a convenience sample of discharged adult
ED patients >18 years of age with symptoms suggestive of
possible cardiac arrhythmia who were deemed candidates
for outpatient ambulatory cardiac monitoring. All diagnostic
testing, final disposition and use of the device were at
the discretion of the attending emergency physician. The
ambulatory cardiac rhythm monitor was a single use long-
term, continuous recording patch (Zio®Patch - iRhythm
Technologies, Inc. San Francisco, CA) that was applied by
trained ED personnel at discharge. The device is a FDA-
approved diagnostic adhesive patch that is affixed to the left
anterior chest wall. It continuously records the cardiac rhythm
for up to 14 days.

Methods and Measurement

Incorporated into the Zio®Patch is an event marker
button that patients are instructed to press when symptomatic.
Activation of the event marker button is termed a triggered
event, and for purposes of this study it is assumed that the
triggered event represented symptoms of possible cardiac
arrhythmia. The patient was also provided a diary for written
entries of symptoms and times. The cardiac rhythm for 45
seconds before and 45 seconds after a triggered event or diary
entry was marked for review. Subjects were instructed to
wear the device up to 14 days and then simply mail the device
in the supplied pre-addressed postage-paid envelope to the
company’s facility. They were also instructed to return to the
ED for any recurrent or worsening symptoms. The complete
set of continuous rhythm data and the file of triggered events

(if any) were downloaded from the device and analyzed using
a proprietary algorithm. An initial report was prepared and
then sent electronically for cardiology review and is then
returned to the ordering physician. The cardiologist reviewed
the entire record including all triggered events and the patient
diary and generated a summary report.

Outcomes

We defined significant arrhythmias as ventricular
tachycardia (VT) >4 beats, paroxysmal atrial fibrillation
(PAF), supraventricular tachycardia (SVT) >4 beats, >3
sec pause, 2nd degree Mobitz II or 3 degree AV block, or
symptomatic bradycardia. Serious arrhythmias were defined
as: VT >120 for 30 seconds, Complete or 3™ degree heart
block, symptomatic second degree heart block, type II,
pause >6 seconds and symptomatic bradycardia <40 beats
per minute for >30 seconds. If any serious arrhythmias were
detected on the initial report, the ED or cardiologist was
immediately notified; the patient was then contacted and
asked to return, all in accordance with existing policies and
procedures for reporting critical results. We also defined
analyzable time as the percentage of the entire patient ECG
data record that had sufficient fidelity to enable a rhythm
analysis. Diagnostic yield was defined as the percentage of
all patients who had a triggered event without any arrhythmia
found or who had a significant symptomatic arrhythmia
detected.

Analysis

We described descriptive statistics using parametric and
non-parametric techniques where appropriate. All device data
were maintained on the company’s encrypted secure database.
We de-identified the data and provided the results for analysis
without any protected health information. The study was
reviewed and approved by each institution’s institutional
review board.

RESULTS
Characteristics of Study Subjects

We enrolled a total of 174 patients; the average age
was 52.2 (£ 21.0) years and 55% were female. Palpitations
(78, 44.8%), syncope (42, 24.1%) and dizziness (11, 6.3%)
were the most common indications for ambulatory device
placement. Other indications included the detection of specific
arrhythmias, such as ventricular tachycardia (14, 8.0%), atrial
fibrillation (4,2.3%), bradyarrhythmias (5,2.9%) or unspecified
arrhythmias (20, 11.5%) All 174 patients (100%) returned
their cardiac monitor for review.

Study Results

Eighty-three patients (47.7%) had >1 significant
arrhythmias (excluding chronic atrial fibrillation), and 17
(9.8%) were symptomatic at the time of their arrhythmia. Nine
patients (5.2%) had >2 arrhythmias. Significant arrhythmias
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Table 1. Summary of arrhythmias.

n All Arrhythmia only

n=174 n=85

Ventricular tachycardia (=4 but <8 beats): 13 7.5% 15.3%
Ventricular tachycardia (=8 beats): 1 0.6% 1.2%
Pause (>3 seconds): 4 2.3% 4.7%
AV block (2nd degree Mobitz Il or 3rd degree): 2 1.1% 2.4%
Supraventricular tachycardia (=4 but <8 beats): 19 10.9% 22.4%
Supraventricular tachycardia (=8 beats): 48 27.6% 56.5%
All atrial fibrillation: 11 6.3% 12.9%
Chronic atrial fibrillation: 4 2.3% 4.7%
Paroxysmal atrial fibrillation: 4.0% 8.2%
Torsades/Ventricular fibrillation: 0 0.0% 0.0%

Table 2. Median time to first arrhythmia in days.

Days
Atrial fibrillation* 0.4
Ventricular tachycardia 3.1
Supraventricular tachycardia 0.8
Pause 4.2
27 or 3 degree AV block 5.8

*Excludes chronic atrial fibrillation

are further detailed in Table 1. There were no significant
gender differences identified. Median time to first arrhythmia
was 1.0 days (interquartile range [IQR] 0.2-2.8) and median
time to first symptomatic arrhythmia was 1.5 days (Mean
3.9, IQR 0.4-6.7). The mean times to first symptomatic event
for each arrhythmia are outlined in Table 2. Seven (4.0%)
patients required immediate physician notification for serious
arrhythmias. There were no patient deaths.

In total, 93(53.4%) symptomatic patients did not have any
arrhythmia during their triggered events. We calculated the
diagnostic yield of 63.2% is calculated to be the number of
triggered events without arrhythmias (n=93) and the number
of significant symptomatic arrhythmias detected (n=17).
Median device wear time was 6.9 days (IQR 5.8 -9.2), and the
analyzable time was 98.6% of the total recorded data.

DISCUSSION

In this study we describe a novel ambulatory cardiac
monitoring device that can easily be applied to patients upon
discharge from the ED. It was well tolerated for prolonged
monitoring and compliance was excellent. Single channel
ECG data quality was also excellent with more than 98% of
the total recording time analyzable.

The device had high diagnostic yield for low-risk
patients discharged from the ED with primary complaints of
palpitations, syncope or dizziness. We observed that the 24-48
duration of traditional Holter monitoring may be inadequate

for identifying significant arrhythmias in these patients. For
example, the median time to the first triggered arrhythmia in
this study for ventricular tachycardia and sinus pauses was 3.1
and 4.2 days respectively, outside the window of traditional
Holter monitoring.

The current primary criterion for establishing a cardiac
arrhythmia as the cause of syncope, near syncope, palpitations
or dizziness rests on the correlation of the arrhythmia with
symptoms.'-%” The clinical challenge in the ED is to identify
and admit the high-risk patients and refer the low-risk patients
for outpatient evaluation if appropriate.-%’ The role of
ambulatory cardiac monitoring for ED patients is guided by
clinical suspicion for an arrhythmia, the anticipated frequency
of recurrent symptoms and whether the patient is low risk
and safe for discharge. In practical terms, the logistics of
organizing adequate follow up within 14 days of the index
ED visit is often problematic for a variety of administrative,
financial and system-based reasons. This study demonstrated
the ease and utility of initiating ambulatory cardiac monitoring
with the Zio®Patch at the time of the index ED visit.

Several devices are currently available to assess cardiac
rhythm disturbances in ambulatory patients. The traditional
Holter monitor was first introduced to clinical practice
in the 1940s.” The first device was a 75-pound backpack
with a reel-reel tape recorder and large batteries. Current
technology incorporates flash memory, weighs less than
200 grams and stores 24-48 hours of continuous ECG data
but still requires electrodes and wires for patient use.®’ The
major advantages of traditional Holter monitors are the
ability to continuously record ECG data and the fact that
transmission of data is not patient dependent. However, non-
compliance with use of the device or maintaining a log of
symptoms limits diagnostic utility.!’

Event recorders do not record continuous ECG data but
require patient activation at the time of symptom onset. These
devices may be applied to the chest wall at the time of the
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event and must be activated by the patient. A brief, typically
90-second, single lead ECG recording is captured and stored
on the device. Because of limited data storage capability, these
data must be transmitted to a central monitoring center for
validation and analysis. Although these devices can be used
for cardiac monitoring over longer periods of time, they are
limited by the fact that patients must be able to activate the
device following symptom onset.” This may be difficult to
achieve, for example, if the patient had syncope or suffered
an injury related to the event. Finally, these devices cannot be
used to document asymptomatic arrhythmias.>’

External continuous loop recorders (ELR) are attached
to the patient by chest electrodes or a wristband. They
continuously record the ECG recording but only save the data
if activated by the patient. The continuous looping memory
feature allows the device to store a fixed length of pre-
activation and post-event ECG data.’

Mobile cardiac telemetry systems (MCOT) provide up to
30 days of real-time continuous cardiac monitoring without
the need for patient activation or data transmission. The
relative disadvantages of these devices are the higher costs,
the need for electrodes and bulky recording devices, as well as
the potential burden on the clinician who must be available to
review the large amount of data.!*® Implantable loop recorders
(ILRs) are surgically implanted subcutaneous devices that
continuously record single-lead ECG signal through 2
electrodes. However they are very expensive and necessitate
an invasive procedure.'

Traditionally, ambulatory cardiac monitoring is usually
initiated with a 24-48 hour Holter monitor. Bass reported a
diagnostic yield of 15% with 24-hour Holter monitoring that
did not increase even if the device was applied for 72 hours.?
In a prospective study evaluating ELR in syncope, symptom-
rhythm correlation was found in 56% with an ELR worn for
1 month versus only 22% for 48 hour Holter monitoring.” In,
studies on selected patients with palpitations comparing ELR
and 48-hour Holter monitors, the diagnostic yield with Holter
monitors was 35%-39%.""In our study, the overall diagnostic
yield was 63.2%, which is considerably higher than traditional
48-hour Holter monitoring and points to the value of up to 14-
day ambulatory cardiac monitoring.

The absence of an arrhythmia during syncope,
palpitations or a triggered event does not by itself provide a
definitive diagnosis but does allow the clinician to exclude
an arrhythmia as a potential cause and is thus clinically
useful. Over half our patients (53.4%) did not have an
arrhythmia despite a triggered event. This allows the clinician
to potentially exclude an arrhythmia as an etiology of the
patient’s symptoms and potentially avoid further cardiac
evaluation.

LIMITATIONS
As an observational convenience study, enrollment was
based on clinician discretion alone. Concomitant Holter

monitoring could not be provided. There was no randomized
comparison to Holter monitor or other traditional management
approaches. Demographic data were limited to age and
gender, and we did not analyze or compare other clinical
characteristics. No long-term follow-up data was obtained.
Attributing all triggered events to symptoms may be incorrect
without formal patient review. Certain events such as syncope
may have occurred during the monitoring period without
arrhythmia but the patient may not have been able to activate
the event recorder button. While this may have lowered the
diagnostic yield, any important arrhythmia would have been
detected during the continuous monitoring.

CONCLUSION

This study demonstrated the utility of the Zio®Patch, a
novel ambulatory cardiac monitoring device that is applied at
discharge for up to 14 days following an ED visit for syncope,
palpitations or dizziness. This approach provided relatively
prompt diagnoses at both ends of the clinical spectrum,
including the documentation of normal sinus rhythm in
patients with symptoms, as well as serious asymptomatic
arrhythmias in others. Further outcome and economic studies
are required to determine if this device will reduce hospital
admission rates and improve the diagnostic efficiency for
these patients.
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