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Cardiac Event Recorders Yield More Diagnoses and Are More
Cost-effective than 48-Hour Holter Monitoring in Patients with

Palpitations
A Controlled Clinical Trial
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Objective: To compare the diagnostic yield and cost-
effectiveness of transtelephonic event monitors with those
of Holter monitoring in patients with intermittent palpita-
tions.

Design: Randomized crossover trial.

Setting: Diagnostic service of a teaching hospital and
surrounding primary care practices.

Patients: 43 patients with previously uninvestigated pal-
pitations who were referred for Holter monitoring.

Measurements: Patients were randomly allocated to re-
ceive an event monitor or 48-hour Holter monitor and
then to receive the other device. Event monitors were used
for 3 months or until two recordings were obtained while
symptoms occurred. The main end point was an electro-
gram recorded during symptoms. The incremental cost-
effectiveness of obtaining a diagnostic rhythm strip from
event monitors was compared with that of Holter moni-
toring. A

Results: The mean (=SD) patient age was 45 * 19 years;
37 patients (88%) were women. Event monitors were
twice as likely to provide a diagnostic rhythm strip electro-
cardiogram during symptoms as 48-hour Holter monitor-
ing (29 patients [67%] and 15 patients [35%], respectively;
P < 0.001). Event monitors detected 8 patients (19%) with
clinically important arrhythmias (6 patients with supraven-
tricular tachycardia and 2 with atrial fibrillation or flutter),
whereas the Holter monitors detected no significant ar-
rhythmia (P < 0.005). With the event monitors, most pa-
tients transmitted an electrocardiogram recording by 6
weeks. Event monitors were dominant and therefore more
cost-effective than 48-hour Holter monitoring, resulting in
a cost savings of $213 for each additional diagnostic
rhythm strip obtained during symptoms.

Conclusions: Holter monitoring is a poor diagnostic test
for intermittent palpitations. Event recorders provide bet-
ter data and are more cost-effective.
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Palpitation is a common symptom that sometimes
results from a substantial cardiac arrhythmia.
Establishing the cause of palpitations may be diffi-
cult because historical clues are not always accurate
(1). A 24-hour ambulatory (Holter) monitor is usu-
ally used, but the yield of this instrument is low in
patients whose symptoms occur infrequently (2-5).

Another instrument used to study palpitations is
a transtelephonic post-event recorder. These hand-
held devices are given to patients and are applied to
the chest when symptoms occur. The patient presses
a button to record about 30 seconds of the cardiac
rhythm, which is stored in the memory of the de-
vice. The recording is later transmitted over the
telephone for printing and interpretation.

Although this instrument has been available for
many years, concerns have been expressed about the
quality of recording and the extent to which an
unselected group of patients can provide diagnostic
recordings. Because no randomized, controlled trials
have compared these devices with Holter monitor-
ing, we compared the yields of Holter monitoring
with those of event recorders in diagnosing palpita-
tions -in an unselected population.

Methods

Patients

We considered for our study all 634 men and
women referred to the cardiovascular unit at the
John Hunter Hospital for Holter monitoring. We
excluded patients being monitored for silent isch-
emia (7%), assessment of therapy (18%), syncope
(18%), or other research studies or inpatient mon-
itoring (8%); patients considered too old, too fee-
ble, or too young to use the event monitor (16%);
and patients who had previously had Holter moni-
toring for their symptoms (16%). The remaining
108 patients (17%) were eligible for the study.

One investigator interviewed eligible patients to
confirm that their symptoms were palpitations. We
asked patients to estimate how frequently they had
symptoms, the length of their longest attack, wheth-
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er their palpitations were regular, and whether they
smoked or had a history of hypertension or ischemic
heart disease. Each patient provided informed con-
sent, and the Hunter Health Service ethics commit-
tee approved the study.

Our study was a randomized crossover trial. Each
patient was randomly allocated to have either 48
hours of Holter monitoring (Marquette Electronics,
Sydney, New South Wales, Australia) or an event
monitor (Aerotel, Israel; Medtronic, Minneapolis,
Minnesota). The patient kept the event monitor
until two recordings were obtained during symptoms
or until 3 months had passed. After the first mon-
itor was returned, the patient was given the other
device. :

During Holter monitoring, patients were asked to
record in a diary when their index palpitation symp-
toms occurred during the 48-hour recording period.
Patients also recorded the symptoms associated with
their palpitations, including dizziness, nausea, short-
ness of breath, chest discomfort or pain, and arm
pain. We defined these criteria before the study. To
check the correctness of the intcrpretation of ar-
rhythmias, we used a full-disclosure method that
allowed review of all 48 hours of electrogram re-
cording. A cardiologist blinded to the results from
the event rccorder read the reports and electrocar-
diogram printouts of arrhythmias during symptom-
atic and asymptomatic periods. Tracings for the
event recorder were read by another cardiologist
who was also blinded to patient data and results of
48-hour Holter monitoring.

End Points

The primary end point was an electrocardiogram
rhythm strip obtained while symptoms occurred that

would establish a cardiac or noncardiac cause of the -

symptoms. The secondary end point was a clinically
significant cardiac arrhythmia defined before the study
as symptomatic sustained supraventricular tachy-
cardia (supraventricular rate, >15 beats/min), atrial
fibrillation or flutter, sustained ventricular tachycar-
dia (ventricular rate, >10 beats/min), sinus pause
longer than 3 seconds, non-Wenckebach second-de-
gree heart block, or third-degree heart block.

Statistical Analysis

We analyzed the data using the STATA program
(Stata, College Station, Texas). Because all patients
received both devices, we used an exact binomial
test of untied pairs to determine the statistical sig-
nificance of the primary and secondary end points

(6).
Cost-Effectiveness Analysis

We calculated incremental cost-effectiveness ra-
tios (the additional cost per additional health out-

come) of event monitors compared with Holter
monitors for the primary and secondary end points.
All costs were in 1994-1995 Australian dollars. The
analysis was based on a time horizon of 21.5 weeks,
which we estimated to be the period during which
the study cohort of 43 patients (who could use
either monitor) would present for monitoring. As-
suming that the event monitors would be given to
patients for 6 weeks, approximately 13 event moni-
tors were required to monitor these 43 patients for
21.5 weeks.

We used a societal perspective in our analysis
and estimated direct medical costs of capital, labor,
and consumable goods and nondirect medical costs
of telephone calls (event monitors only). We ex-
cluded overhead costs for central administration,
cleaning, heating, and so forth (direct medical costs)
and for travel expenses (direct nonmedical costs) on
the assumption that these variables would not differ
between the devices.

We calculated equivalent annual costs for capital
using an annuitization procedure in which we as-
sumed an expected life span of 5 years for both
monitors and a 5% discount rate. The five Holter
monitors and the analysis system in our unit cost
approximately $106 193; this results in an equivalent
annual cost of $24 528. Because Holter equipment
is used for purposes other than investigating palpi-
tations, we apportioned joint costs on the basis of
the percentage of use attributed to patients with
intermittent palpitations (17%). We apportioned an
annual service cost, estimated to be 4.1% of the
capital cost, on the same basis. The cost of 13 event
monitors was estimated to be $6500 (Micromedical
Industries, Labrador, Queensland, Australia), which
resulted in an annual equivalent cost of $1561.
~ We estimated labor costs for technicians, secre-
taries, and cardiologists according to time and mo-
tion for the last five patients investigated. Our tech-
nicians spent an average of 113 minutes to explain
how to use, put on, and remove the Holter monitor
and how to analyze and download the tapes. Thirty-
five minutes was needed to explain the event re-
corders and to prepare the rhythm strip for report-
ing. A cardiologist could interpret the Holter
monitor recordings in about 16 minutes and could
interpret the event monitor recordings in 2 minutes;
the respective times for secretarial work were 10
minutes and 5 minutes. We -assigned a value to
these services using wages that were positively ad-
justed for annual and sick leave, superannuation
entitlements, and worker’s compensation premiums.

We assessed the robustness of the results in mul-
tiway sensitivity analyses that examined the changes
in the discount rate (0% and 10%), a 20% increase
and decrease in scrvice and labor costs, and a re-
duction of the proportion of Holter monitor costs

1 January 1996 - Annals of Internal Medicine « Volume 124+ Number | (Part 1) 17



Table 1. Number of Patients with an Electrocardiogram
Recorded during Symptoms or with Clinically

Significant Arrhythmia*

Variable Holter Monitor Event Monitor

(%)

Recording during
symptoms {95% Cl}

Clinically significant
arrhythmia {95% Cl]

15(35)[21% to 49%] 29 (67)(53% to 81%]t

0(0) [0% to 3%] 8(19) (8% to 30%]+

* Forty-three patients participated in the study.
t P < 0.001 from paired test.
4 P < 0.005 from paired test.

attributed to Holter monitor use from '17% to 10%.
The effectiveness was also varied by the 95% Cls.

Results

. Of the 108 eligible patients, we asked 45 (40%)

to participate in the study. We did not ask the
others to participate because the two chief investi-
gators were not available to interview them. Of the
45 patients asked, 43 (96%) completed the study.
Two persons withdrew before receiving the event
monitor because the Holter monitor leads were too
uncomfortable.

Thirty-eight participants (88%) were women, and
the mean age of all patients (£SD) was 45 * 19
years. Thirty-four patients (81%) reported that pal-
pitations occurred at least every 2 weeks, and 24
(56%) believed that their palpitations were regular;
the average estimate of the longest attack was
74 = 159 minutes. The mean resting pulse rate was
76 + 15 beats/min; systolic blood pressure was
131 = 26 mm Hg; and diastolic blood pressure was
77 =12 mm Hg. Four patients reported a history of
ischemic heart disease, 14 (33%) reported a history
of hypertension, and 7 (16%) were smokers. Twen-
ty-four patients (56%) were randomly allocated to
receive the 48-hour Holter monitor before receiving
the event recorder.

Table 1 lists the results for the primary and sec-
ondary end points. Thirty patients (70%) sent in at
least one electrocardiogram recorded by the event
monitor while symptoms occurred. Two patients
had a technically inadequate electrocardiogram re-
cording transmission, but 1 patient subsequently
sent two rhythm strips showing sinus rhythm. There-
fore, 29 patients (67%) sent at least one recording
from an event recorder that could be interpreted
compared with the approximately one third of pa-
tients who obtained recordings during symptoms
with the Holter monitor (£ < 0.001). Furthermore.
the Holter monitor detected no clinically significant
arrhythmias. During event recorder monitoring, a
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clinically significant arrhythmia was documented in
each of 8 patients (19%) (Tables 1 and 2; Figure 1).

Of the 29 patients who recorded an electrocar-
diogram with the event monitor, 20 (69%) made
two recordings and returned the monitor before the
maximum 3 months allowed. For 13 patients (65%)
who sent in two recordings, the two recordings
showed the same rhythm. For the remaining 7 pa-
tients, the discordant rhythms were supraventricular
tachycardia and sinus tachycardia in 3 patients (2 of
whom had supraventricular tachycardia on the first
recording), atrial flutter and ventricular premature
beats in 1 patient (atrial flutter on the first record-
ing), sinus tachycardia and ventricular premature
beats in 1 patient, and sinus rhythm and ventricular
premature beats in 2 patients.

Of the 15 patients in whom symptoms occurred
during 48-hour Holter monitoring, 4 (27%) had 2
separate symptomatic episodes. In 2 of these 4 pa-
tients, the rhythm recorded during symptoms was
the same (sinus tachycardia). Both discordant pa-
tients had ventricular premature beats with one
symptomatic episode and sinus rhythm with the
other.

Figure 2 shows the cumulative number of pa-
tients who sent an electrocardiogram obtained by
the event recorder during symptoms, according to
the time taken to record a symptomatic episode.
Most patients who eventually sent in recordings did
so by 6 weeks.

Table 3 shows the costs and incremental cost-
effectiveness of event monitors compared with those
of Holter monitors. Event recorders were dominant
in obtaining an electrocardiogram during symptoms,
resulting in a $213 cost savings per additional out-
come detected. Event recorders were dominant

compared with Holter monitors in all scenarios ex-
amined in the sensitivity analyses. Labor costs ac-
counted for 52% of Holter monitor costs and 41%
of event monitor costs.

1

Figure 1. Electrocardiogram recording from an event recorder
showing atrial fibrillation during palpitations.
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Table 2. Types of Cardiac Rhythm from Electrocardio-
grams Recorded during Symptoms

Variable Holter Monitor Event Monitor
R E—
Supraventricular tachycardia 0 (0) 9(18)
Atrial fibrillation or flutter 0(0) 3(6)
Ventricular ectopic beats 4210 6(12)
Sinus tachycardia 737 14 {29)
Sinus rhythm 8(42) 17 (35)
Total electrocardiogram recordings* 19 (100) 49(100)

* In sorne patients, more than one type of cardiac rhythm was recorded

Discussion

The diagnosis of intermittent palpitations is often
difficult; the principal concern is whether symptoms
are caused by a cardiac arrhythmia. In our study,
48-hour Holter monitoring recorded the cardiac
rhythm while symptoms occurred in about one third
of the patients, but it did not identify the eight
patients (19%) who had a significant arrhythmia
(that is, an arrhythmia that would lead to active
treatment). This suggests that 48-hour Holter mon-
itoring is a poor test for diagnosing cardiac arrhyth-
mia as a cause of intermittent palpitations. The
event recorders were twice as likely as the Holter
monitors to provide a recording during symptoms.

Other studies comparing transteleplionic event
recorders with Holter monitoring were not random-
ized (5, 7-11) and studied selected patients who had
negative Holter monitoring results (8, 10, 11). In
addition, it is not clear whether any of the studies
comparing patients who had both monitors included
blinded assessment of the recordings or used an
appropriate paired statistical test.

Two studies of real-time event recorders, in
which patients transmit a recording over the tele-
phone while symptoms are occurring, reported a
diagnostic yield of about 50% (5, 7). In contrast, the
newer event recorders, such as the ones used in our
study, have a memory facility that allows the patient
to record the electrocardiogram during symptoms
and transmit the recording at a later convenient
time. The diagnostic yield of the newer devices re-
ported in other studies is closer to our results
(range, 55% to 83%) (3, 4, 10).

The types of arrhythmia detected by event re-
corders in other studies are also consistent with our
results. Several studies have found that 28% to 66%
of patients whose symptoms were recorded have
sinus rhythm (3, 4, 7, 9-11), a {inding similar to that
in 11 of 29 patients (38%) in our study. In two
other studies, event monitors recorded supraventric-
ular tachycardia and atrial fibrillation or flutter in
19% (5) and 29% (3) of patients, respectively, com-
pared with 19% in our study.
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In our study, 6 weeks was sufficient for using the
event monitor. In a report of a company database
of patients who used event monitors, 96% of pa-
tients sent their first recording by 4 weeks (12).
Although 4 to 6 weeks is usually adequate, some
patients with very infrequent symptoms may need to
use the event monitor for a longer period.

Although the event recorders had a greater di-
agnostic yield, some discordance was seen (35%) in
the rhythms sent by patients who had two record-
ings. Discordance was also seen with 48-hour Holter
monitoring in two of the four patients in whom two
symptom episodes were recorded. Although most
clinically significant arrhythmias were scen on the
first recording from event monitors, obtaining at
least two recordings while symptoms are occurring
may be prudent.

Our study had adequate statistical power to ad-
dress the main study hypotheses, but it was small. In
a larger study, some patients with clinically signifi-
cant arrhythmias recorded using 48-hour Holter
monitoring would have been identified; we found no
such patients in our study. Other studies have found
that Holter monitors identify small numbers of pa-
tients with tachyarrhythmias. In one study of 40
patients, 24-hour Holter monitoring identified 2 pa-
tients with tachyarrhythmias, but these arrhythmias
were not described further and were defined as any
rhythm with a ventricufar rate of 110 beats/min or
greater (including sinus tachycardia) (11). In an-
other study, 36 of 76 patients were given a 12-hour
Holter monitor (5). Of the 7 patients with a record-
ing during symptoms, 1 had paroxysmal atrial tachy-
cardia, 4 had premature contractions, and 1 had
junctional Wenckebach phenomenon (5).

The percentage of patients in whom 48-hour
Holter monitoring recorded an electrocardiogram
during symptoms was higher in our study (35%)

30

20 -

15 A

Patients

Days

Figure 2. Cumulative number of patients who sent an electrocar-
diogram from an event recorder by the number of days needed to
record an electrocardiogram while symptoms were occurring.
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Table 3. Costs and Cost-Effectiveness of Each Device

Variable

Holter Monitor Event Monitor

Cost for 43 patients for 21.5 weeks {range from sensitivity analysis)
Incremental cast-effectiveness for event monitors
$1258 — $4245 _
29 - 15

4245 (2650 to 4994) 1258 (1049 to 1471)

~$213 per additional electrocardiogram recorded during symptoms*

$1258 — $4245 = —$373 per additional dlinically signtficant arrhythmia detected*

8-0

* This represents a cost-saving with.event monitors.

than in other studies of patients with cardiac symp-
toms (2% to 20%) (2-5). However, these studies
included Holter monitoring for 12 and 24 hours,
and the difference in diagnostic yield may reflect
these shorter recording periods.

The longer recording period with the event re-
corders is almost certainly the main reason that
these devices had a higher diagnostic yield than the
Holter monitors. The average number of days (total
number of days monitored in all patients/number of
patients) was much higher with the event recorders
(34 days) than with the Holter monitors (2 days).
Presumably, if Holter monitoring could be contin-
ued for a similar number of days, it would have a
diagnostic yield similar to that of the event record-
ers. However, prolonged Holter monitoring is un-
comfortable for patients and has higher costs for
technician and cardiologist time.

Event recorders cannot replace all the functions
of Holter monitors. In our study, only 17% of pa-
tients were considered eligible for event recorders.
Another 16% would have been able to use these
devices but were excluded because they had had
previous monitoring. The remaining patients either
could not use the event recorder (because of investiga-
tion for syncope or because of physical or cognitive
limitations) or had indications that necessitated
monitoring for asymptomatic electrocardiography
changes (silent ischemia, assessment of pacemaker
function or antiarrhythmic drugs, and monitoring of
inpatients). As many as one third of patients in our
teaching hospital population would be able to use
the event recorder; this proportion may be higher in
other centers or practices where the assessment of
therapeutic devices or drugs is a less common indi-
cation for cardiac monitoring than is investigation
of palpitations.

Our study shows that compared with Holter
monitors, event recorders result in additional bene-
fits at a tower cost when used for diagnosing inter-
mittent palpitations. Even if costs are ignored,
Holter monitoring .is a poor diagnostic test in pa-
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tients with palpitations. Event recorders provide
better data, are more cost-effective, and should re-
_place Holter monitoring for this purpose whenever
possible.
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