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] Abstract—Background: Clinical guidelines emphasize
identifying atrial fibrillation (AF) as a strategy to reduce
stroke risk. Cardiac implantable electronic device (CIED)
interrogation at the point of care may facilitate AF detec-
tion, increasing opportunities to identify patients at high
risk for stroke. Objectives: This study sought to quantify
AF prevalence and assess stroke risk in patients with a
CIED who presented to the emergency department (ED).
Methods: This noninterventional, retrospective observa-
tional study included adult patients who presented at a sin-
gle facility ED that incorporated device interrogation as a
routine standard practice for all patients with a CIED. Inter-
rogations were conducted in 494 unique patients, and rele-
vant demographic/clinical information was captured from
electronic medical records. Results: AF was detected via
CIED interrogation in 54.8 % (271/494) of the unique patient
population that presented to the ED. Device interrogation
detected the presence of AF in 110 patients without a docu-
mented past history or current diagnosis of AF, representing
22.3% (110/494) of total unique patients. Based on
CHA,DS,-VASc (Congestive heart failure, Hypertension,
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Age > 75 years, Diabetes mellitus, prior Stroke or transient
ischemic attack or thromboembolism, Vascular disease, Age
65-74 years, Sex category [female]) risk scoring methodol-
ogy, over three-quarters of these newly detected AF patients
(78.2%, 86/110) were classified in a high stroke risk category
that reflected a > 2.2% annualized risk, and over half
(57.3%, 63/110) presented to the ED for reasons unrelated
to cardiac/dysrhythmia problems. Conclusions: The use of
technology-assisted device interrogation of CIEDs at the
point of care has promise in identifying patients with asymp-
tomatic AF. Results suggest consideration of routine device
interrogation of CIEDs in the ED, regardless of reason for
admission or history of AF. © 2019 Elsevier Inc. All rights
reserved.
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INTRODUCTION

Approximately 795,000 people in the United States suffer
a stroke each year (1). Of those, at least 15% are related to
clinically diagnosed atrial fibrillation (AF), which con-
fers a fivefold increased risk of stroke (2-4). Another
25% of strokes may be related to subclinical AF or
atrial tachydysrhythmia (AT) (5). Even short episodes
of AF or AT put patients at a two- to three-times-higher
risk of stroke compared with patients without subclinical
AF (6). Subclinical AF may be detected by cardiac
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implantable electronic devices (CIEDs), including pace-
makers with atrial leads, implantable cardioverter-
defibrillators with atrial leads, or leadless insertable car-
diac monitors, which allow for the uninterrupted moni-
toring of heart rthythm and the ability to detect AF
using specific algorithms. Increased use and continuous
technological improvement of CIEDs present an opportu-
nity to identify and manage patients with subclinical AF
and patients with previously undiagnosed AF. Recent
studies have demonstrated very high rates of sensitivity
and specificity for true detection of AF in current CIEDs
(7-9).

This noninterventional, retrospective observational
study sought to quantify the opportunity to improve the
detection and management of AF in patients with a
CIED who present to the emergency department (ED)
through routine use of device interrogation. In accor-
dance with the increasing adoption of technology to facil-
itate health care decisions, the hospital that conducted
this study uses point-of-care technology-assisted device
interrogation as standard routine practice in the ED.
This care process provided a unique opportunity to eval-
uate the prevalence of AF for all patients with a CIED
regardless of symptomatology presentation or reason
for visit.

METHODS
Study Design

Participants in the study presented for any reason to the
ED of a 343-bed hospital that is part of a large tertiary
care system in southern California. The hospital has the
highest per capita occupancy in the county that it serves,
with a 48-bed ED that had more than 66,000 visits during
fiscal year 2015. This hospital ED has implemented pro-
cesses to interrogate CIEDs at the time of ED admission,
regardless of suspected or confirmed diagnosis. As part of
the ED initial triage process, staff asked patients if they
had a CIED and if so, an automated care plan included
an order for device interrogation. This routine practice
utilizes point-of-care technology that produces action-
able reports regarding device function and detection of
dysrhythmias. An electrophysiologist then interpreted
the results and signed off on the report. This study was
approved by the Institutional Review Board for the health
care system’s Center for Research.

Participant Selection

All consecutive patients over the age of 18 years with a
CIED who presented to the ED between March 1, 2015
and October 31, 2015 were included in the study. Patients
in whom AF was detected through device interrogation,

as well as patients with a past or current diagnosis of
AF during the previous 5 years based on medical record
documentation were included for further analysis. Pa-
tients with an incomplete interrogation report were
excluded from the analysis. There were no additional
exclusion criteria.

Methods and Outcomes

The primary objective of this study was to quantify the
prevalence of any type of AF detected by the CIED.
This was a binary endpoint, that is, presence or absence
of AF, and there was no quantification of the cumulative
percentage of time in AF to assess AF burden. Secondary
objectives were to calculate stroke and bleed risk, and
describe relevant demographic, clinical characteristics,
and health care service utilization outcomes. Standard-
ized reports were generated for patients meeting inclu-
sion criteria from the facility’s electronic medical
record (EMR) and device interrogation technology sys-
tems. Data elements from the EMR included demo-
graphics, current and past history of select comorbid
conditions, and discharge disposition. The reason for
ED visit was documented as the primary presenting prob-
lem reported by the patient or person accompanying the
patient. Service utilization data included documentation
of direct admission from the ED to inpatient care, hospital
length of stay, and any repeat visits to the ED during the
study time period. The interrogation report contained
data regarding the device manufacturer, implant date, bat-
tery status, and detection of episodes indicating AF or
ventricular dysrhythmia. There was no requirement
from the interrogation report related to quantification of
the AF burden based on time and duration of the
dysrhythmia.

To assess whether AF was correlated with a clinical
diagnosis, presence of AF was based on current diagnosis
in ED records (International Classification of Diseases,
Ninth Revision code 427.31; International Classification
of Diseases, 10th Revision codes 148.0 to 148.9), history
of AF documented in the EMR during the past 5 years,
or results from device interrogation reports as confirmed
by an electrophysiologist. Risk scores were calculated
retrospectively based on demographics and clinical diag-
noses from the patients’ medical record, using CHA,DS,-
VASc scoring methodology for stroke risk (10). The
CHA,DS,-VASc scoring methodology utilizes clinical
characteristics that have been identified as stroke risk fac-
tors in patients with AF, to calculate an adjusted annual-
ized risk score. Factors include congestive heart failure;
hypertension; age over 65 years (with an additional point
for people 75 years and older); diabetes mellitus; prior
stroke, transient ischemic attack, or thromboembolism
(2 points); vascular disease; and female sex. Based on
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these clinical risk factors, patients are given a score and
classified as follows: O = low risk, 1 = intermediate risk,
and = 2 = high risk. The ATRIA (AnTicoagulation and
Risk factors In Atrial fibrillation) scoring methodology
was used for bleed risk, classifying scores of 0 to 3 as
low risk, 4 = intermediate risk, and > 4 points = high
risk (11).

Data and Statistical Analysis

Descriptive statistics were used to depict frequencies of
demographics and clinical characteristics of the study
population in addition to the prevalence of diagnosed
and device-detected AF. Because the reason for visit
information in the EMR was pulled directly from a
narrative data field, rather than from a standardized
response checklist, the researchers reviewed the list
of all aggregate responses that were blinded with
respect to any other patient data. The researchers sub-
sequently categorized reason for visit into one of two
groups: 1) related to cardiac condition, chest pain, de-
vice problem, or dysrhythmia, and 2) other reasons.
The “other” reasons included responses such as cere-
brovascular, endocrine, gastrointestinal, pulmonary,
urinary-renal conditions, or miscellaneous symptoms.
Further analyses examined the frequency of AF within
patient cohorts stratified by reason for the ED visit,
stroke and bleed risk scores, service utilization, and
discharge disposition. Means and standard deviations
are presented for continuous variables, and categorical
variables are expressed as proportions. All analytic
database maintenance and statistical procedures were
conducted using SAS software version 9.4 (SAS Insti-
tute Inc., Cary, NC).

RESULTS
Overall Study Sample

There were 600 patient encounters between March 1,
2015 and October 31, 2015. A total of 75 patients
(12.5% of all eligible encounters) did not receive de-
vice interrogation due to various circumstances, such
as insufficient battery power, incomplete interrogation
reports, or discontinuation of the standard order for
interrogation. This resulted in 525 device interrogations
that were conducted across a final study sample of 494
unique patients. The manufacturers of the CIED units
in order of prevalence were Medtronic (Dublin, Ireland;
26.3%), Biotronik (Berlin, Germany; 22.3%), Boston
Scientific (Marlborough, MA; 19.8%) and St. Jude
Medical (St. Paul, MN; 19.2%); 12.2% were undocu-
mented.

Prevalence of AF

AF was identified in 77.7% (384/494) of unique patients
with a CIED who presented to the ED based on past his-
tory or current diagnosis documented in the EMR, or de-
vice interrogation with clinical confirmation. Point-of-
care CIED interrogation yielded a positive AF detection
in 54.9% (271/494) of patients, regardless of past or cur-
rent AF diagnosis. Device interrogation detected the pres-
ence of AF in 110 patients who did not have a
documented past history or current diagnosis of AF.
This represents 22.3% (110/494) of total unique patients
in the study.

Characteristics of Patients Presenting to the ED with a
CIED

Demographics, patient characteristics, clinical measures,
service utilization, and discharge disposition results are
summarized in Table | for the total unique sample of pa-
tients with interrogated devices at index visit during the
study period. Females represented 47% of the population,
and people of Hispanic ethnicity accounted for over half
of the patients (50.8%). The second most prevalent ethnic
group was white individuals who reported their ethnicity
as non-Hispanic (21.7%). The average patient age was
74 years, 89.1% of unique patients had an assigned pri-
mary care physician, and 6.3% of patients reported that
they were current smokers.

The mean CHA,DS,-VASc stroke risk score was 4.2
for the entire study population. Based on the
CHA,DS,-VASc calculator, this would confer an annual-
ized stroke risk of over 4.8%, assuming this population
was not on anticoagulants (11). Over 80% (82.0%) had
scores = 2 on the CHA,DS,-VASc, putting the majority
of the population in the high stroke risk category.

The mean ATRIA bleed risk score was 3.9; 42.9% of
patients had scores = 4, which confers an intermediate
to high risk of bleeding (12). Over two-thirds of patients
(68.8%) were admitted to the facility as inpatients for
continued treatment subsequent to the ED visit, with an
overall mean length of stay of 3.7 days.

Analysis of Patients with AF Newly Detected by
Technology

Device interrogation detected the presence of AF in 110
patients without a documented past history or current
diagnosis of AF, representing 22.3% of total unique pa-
tients. Table 2 presents additional analyses of this subset
of 110 patients. Results indicate that 86 (78.2%) had a
high risk of stroke, indicated by a CHA,DS,-VASc
score = 2. On the ATRIA, 45.5% of patients (50/110)
had an intermediate to high bleed risk score of 4 or
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Table 1. Characteristics of 494 Patients Who Presented to
the Emergency Department with a Cardiac
Implantable Electronic Device (CIED) and an Order
for Device Interrogation, March 1, 2015 through
October 31, 2015

Study Sample
N =494
Characteristic* n (%)
Demographics
Sex
Male 262 (53.0)
Female 232 (47.0)
Age at discharge
Mean (SD) 73.5 (14.5)
Race/ethnicity
Hispanic 251 (50.8)
White non-Hispanic 107 (21.7)
Asian 64 (13.0)
Black non-Hispanic 33 (6.7)
Other/unknown 39 (7.9)
Patient characteristics
Current smoker 31(6.3)
Comorbid conditionst
Hypertension 375 (75.9)
History AF 238 (48.2)
Congestive heart failure 214 (43.3)
Coronary artery disease 203 (41.2)
Diabetes 201 (40.7)
Myocardial infarction 9(1.8)
Cerebrovascular attack (stroke) 7(1.4)
Thromboembolism 6(1.2)
Transient ischemic attack 4 (0.8)
Stroke risk score (CHA,DS,-VASc)
<2 29 (5.9)
2 or greater 405 (82.0)
Unknown 60 (12.1)
Mean (SD) 4.2 (1.6)
Bleed risk score (ATRIA)
<4 222 (44.9)
4 or greater 212 (42.9)
Unknown 60 (12.1)
Mean (SD) 3.9(2.5)
Service utilization
Primary care physician prior to ED
No 54 (10.9)
Yes 440 (89.1)
Hospital admission
No 154 (31.2)
Yes 340 (68.8)
Length of stay
< 1day 182 (36.8)
1 up to 3 days 116 (28.5)
3 or more days 196 (39.7)
Mean (SD) 3.7 (5.5)

AF = atrial fibrillation; CHA,DS,-VASc = Congestive heart failure,
Hypertension, Age > 75 years, Diabetes mellitus, prior Stroke or
transient ischemic attack or thromboembolism, Vascular dis-
ease, Age 65-74 years, Sex category (female); ATRIA = AnTicoa-
gulation and Risk factors In Atrial fibrillation; ED = emergency
department.

* Patient characteristics reflect measurement at index encounter
within the study period.

T Patients may have multiple comorbid conditions.

greater. Of these 110 patients, 63 (57.3%) had presented
to the ED for reasons unrelated to current cardiac/
dysrhythmia problems.

With respect to service utilization, 70 of these 110 pa-
tients (63.6%) were admitted for acute inpatient treat-
ment for various reasons, with an average length of stay
of 4.6 days. Subsequent to discharge from the ED or acute
inpatient care, 20 of these 110 patients (18.2%) were
transferred to a facility-based setting for ongoing treat-
ment.

DISCUSSION

This observational study represents a large and diverse
sample of patients, including high proportions of patients
who are female and of Hispanic ethnicity with a CIED
who presented to the ED for various clinical reasons.
The high percentage of patients of Hispanic ethnicity is
representative of the catchment area for the study institu-
tion, which is situated near the United States/Mexico
border. Further, these demographics may reflect broader
representation for gender and more diverse U.S. demo-
graphics for ethnicity compared with existing literature.

The hospital that conducted this study had previously
made point-of-care device interrogation standard routine
practice in the ED. In this study, AF was detected through
device interrogation in over half of all unique patients
(54.9%). Of these patients, 40.6% (110 patients) had no
prior documentation of AF in their medical record. These
findings echo previous research showing that AF is com-
mon in patients with CIEDs who have no history of AF
prior to device implantation (13,14). Without routine
device interrogation, AF may have gone undetected,
limiting the patient’s opportunity for further evaluation
and appropriate treatment.

A recent Scientific Statement from the American
Heart Association discusses the current literature
regarding consideration of the burden of AF beyond sim-
ply its presence or absence in subclinical cases (15). A re-
view of recent evidence suggests that higher AF burden is
associated with a higher incidence of stroke; however, it
is unclear if a threshold exists. Furthermore, in patients
with CIEDs, the temporal relationship between ischemic
stroke and episodes of AF is not well defined. As such,
current guidelines recommend assessing stroke risk on
the basis of individual patient risk profile, including char-
acteristics from the CHA,;DS,-VASc scoring paradigm,
not on AF pattern, type, or burden. Further studies are
warranted to understand the relationship of total burden
of AF to ischemic stroke risk and appropriate manage-
ment in subclinical AF.

Patients with CIED represent a unique patient popula-
tion compared with individuals without a device. Practice
guidelines or recommendations for device interrogation
of a CIED vary among centers (16). The newly released
2019 American Heart Association/American College of
Cardiology/Heart Rhythm Society (AHA/ACC/HRS)
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Table 2. Characteristics of 110 Patients Without a Past
History or Current AF Diagnosis, for Whom AF was
Detected by a Cardiac Implantable Electronic
Device (CIED) in the Emergency Department

Study Sample
N =110
Characteristic* n (%)
Demographics
Sex
Male 59 (53.6)
Female 51 (46.4)
Age at discharge
Mean (SD) 71.2 (16.7)
Race/ethnicity
Hispanic 60 (54.6)
White non- Hispanic 22 (20.0)
Asian 9(8.2)
Black non-Hispanic 10 (9.1)
Other/unknown 9(8.2)
Risk assessment
Stroke risk score (CHA,DS,-VASCc)
<2 12 (10.9)
2 or greater 86 (78.2)
Unknown 12 (10.9)
Mean (SD) 3.7(1.6)
Bleed risk score (ATRIA)
<4 48 (43.6)
4 or greater 50 (45.5)
Unknown 12 (10.9)
Mean (SD) 3.7 (2.5
Reason for ED visit
Related to cardiac problemst 47 (42.7)
Not cardiac relatedt 63 (57.3)

CHA,DS,-VASc = Congestive heart failure, Hypertension,
Age > 75 years, Diabetes mellitus, prior Stroke or transient
ischemic attack or thromboembolism, Vascular disease, Age
65-74 years, Sex category (female); ATRIA = AnTicoagulation
and Risk factors In Atrial fibrillation; ED = emergency department.
* Patient characteristics reflect measurement at index encounter
within the study period.

T Cardiac-related reasons for ED presentation categorized as de-
vice problem, dysrhythmia, cardiac condition or chest pain.

T Non-cardiac-related reasons for ED presentation included ce-
rebrovascular, endocrine, gastrointestinal, pulmonary, urinary-
renal conditions, or other miscellaneous symptoms.

Focused Update of the 2014 AHA/ACC/HRS Guideline
for the Management of Patients with Atrial Fibrillation
recommends that device detection of AF should prompt
further evaluation of clinically relevant AF to guide treat-
ment decisions (17). After the opportunity identified in
this hospital ED, the institution implemented a quality-
improvement project led by a Clinical Pharmacist and
Nurse Specialist under the direction of the lead emer-
gency physician, to evaluate the outcomes of expanded
anticoagulant medication in patients with AF at high
risk of stroke prior to discharge from the ED (18).

Limitations

Study limitations include the use of a retrospective design
at a single facility. The greater proportion of female

patients and patients of Hispanic ethnicity within this
study, which mirrored the demographic profile of the
geographical area, may limit the comparison of results
to other device studies and the generalizability of these
results in other geographies in the United States. The
retrospective design and limited study duration did not
allow for exploration of follow-up care, clinical outcomes
post hospital, or ED discharge, precise data regarding
medication use, or a cost-benefit analysis of the device
interrogation program. Because the CHA,DS,-VASc
and ATRIA scores were calculated based on existing pa-
tient data from the EMR, we were unable to evaluate the
real-time impact of scores on delivery of patient care. The
definition of device-detected AF was based on readings
from the recorder in the device, and although confirmed
by a physician reading the interrogation report, was not
confirmed by a subsequent electrocardiogram, and the
burden of AF detected was not quantified, as it was
beyond the scope of the study.

CONCLUSIONS

In conclusion, routine device interrogation at the point of
care in an ED setting offers the potential for clinicians to
detect subclinical AF and, at a minimum, recommend
appropriate follow-up for evaluation for stroke risk and
AF management. The identification of newly detected
AF in patients without a past history of AF and those
who present to the ED for non-cardiac-related reasons
has implications for the health system’s initiatives related
to stroke prevention and resource utilization.
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ARTICLE SUMMARY
1. Why is this topic important?

Atrial fibrillation (AF) identification is a primary strat-
egy to reduce the risk of stroke, a leading cause of death
and disability in the United States. In the emergency
department (ED), cardiac implantable electronic device
(CIED) interrogation at the point of care can facilitate
AF detection, which therefore increases opportunities to
identify and manage patients at high risk for stroke.

2. What does this study attempt to show?

This study sought to quantify the prevalence of AF and
assess stroke risk in patients with a CIED who presented
to the ED for any reason.

3. What are the key findings?

AF was detected via CIED interrogation in 54.9% (271/
494) of the unique patient population that presented to the
ED. Among these patients, 40.6% (110/271) did not have
a history or current diagnosis of AF, average stroke risk
score was 3.7 on the CHA,DS,-VASc (Congestive heart
failure, Hypertension, Age > 75 years, Diabetes mellitus,
prior Stroke or transient ischemic attack or thromboembo-
lism, Vascular disease, Age 65-74 years, Sex category [fe-
male]), and 78.2% (86/110) were determined to have a
high stroke risk score based on the CHA,DS,-VASc
scoring classification methodology. Of these 110 patients,
63 (57.3%) presented to the ED for a non-cardiac-related
reason, which may have further increased the likelihood
of missed opportunities to detect AF and prevent stroke.
4. How is patient care impacted?

The high prevalence of AF detection in patients with a
high stroke risk who would not otherwise have had a
CIED interrogation and whose AF may have gone unde-
tected has implications for the health system. Routine de-
vice interrogation in the ED care setting has the potential
to identify patients with AF who may benefit from stroke
prevention interventions, regardless of reason for admis-
sion to the ED or documented history of AF.
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