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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

Scott Kinlay, MBBS, PhD, FRACP; James W. Leitch, MBBS, FRACP;Amanda NeiI, BSc;
Barry L. Chapman, MBBS, FRACP; David B. Hardy, DMU, RDCS; and
Peter J. Fletcher, MBBS, PhD, BMed(Sci), FRACp

Objective: To compare the diagnostic yield and cost-
effectiveness of transtelephonic event monitors with those
of Holter monitoring in patients with intermittent palpita-
t ions.

Design:  Randomized crossover t r ia l .

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  moni tor  or  48-hour Hol ter  moni tor  and
then to receive the other device. Event monitors were used
for  3 months or  unt i l  two recordings were obta ined whi le
symptoms occurred.  The main end point  was an e lect ro_
gram recorded during symptoms. The incremental cost-
effectiveness of obtaining a diagnostic rhythm strip from
event  moni tors was compared wi th that  of  Hol ter  moni-
tor ing.

Resul ts :  The mean (*SD) pat ient  age was 45 + 19 years;
37 patients (88%) were women. Event monitors were
twice as l ikely to provide a diagnostic rhythm strip electro-
card iogram dur ing symptoms as 48-hour Hol ter  moni tor-
ing (29 patients 167o/ol and 15 patients [35%]. respectively;
P < 0.001) .  Event  moni tors detected 8 pat ients (19%) wi th
clinically important arrhythmias (6 patients with supraven-
t r icu lar  tachycardia and 2 wi th at r ia l  f  ibr i l la t ion or  f lu t ter) ,
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  9213 for  each addi t ional  d iagnost ic
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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'patpitation 
is a common symptom that sometimes

I results from a substantial cardiac arrhythmia.
Establishing the cause of palpitations may be diff i-
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 cle-
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
qualiry 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 (187o), syncope
(18%), or other research studies or inpat ient mon-
itoring (87o); patients considered too ol<1, too fee-
ble, or too young to use the event monitor (16To);
and patients who had previously had Holter moni-
toring for their symptoms (16%). The remaining
108 patients (177o) 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-



During Holter monitor ing, pat ients were asked torecord in a diary 
then,thel l index palpirar ion symp_toms occurred during the 4g_hour ieco.,ting p"rio,t.Patients also recorderl the symptom, orro.in,"A U,f,the ir pal pi tations, incl udi n g'dizziness,-nu"ur.u, rf,ort-ness of breath, chest discomfort  or 'pain, and armpain. We defined these criteria before the sturJy. Tocheck the correctness of thc int .rpr" i , , i ,on of ar_rhythrnias, we used a ful l_disclosuie-method thatallowed revicw of all 4{l hours of .t.i*rugrurn .._cording. A cardiologist blincjcd to the ,.rult, f.o,r.,the event recorcler read the , .po.ts�  unj-electrocar_

diogram printours of arrhyrtrm;, , ,  J"; i ;  symprom_atic and asympromaric periods. t .u. in! ,  for theevent recorder were. read by anotber c'ardiologistwho was also bl inded to pat ient d. ; ;  ; " ;  resutts of48-hour Holter monitor ins.

End Points

. 
The primary end point rvas an electrocarcjiogram

rhythm str ip obtainecl  whi le ,y.prorr-n. lurrecl  thatwould establ ish a cardiac or noncardia.-rour.  of  thesymptoms. The secondary end point was a cl in ical lysignificanr cardiac arrhythmia dehned b.;;r; the srudyas symptomatic sustained supraventr icular tachy_
91rdia (supraventr icular rate. >f S O"oirTr in),  atr ialf ibr i l lat ion or f lut ter,  sustained ventr icular tachycar_dia (ventricular rate, > l0 beats/minl-'rinur; pnrr"longer than 3 seconcrs, non-wenckebach secontr-de-gree heart block, or third_degree heart block.

Statistical Analysis
We anal-vzed the data using the STATA program(Stata, Col lege Stat ion, Texasj.  g".uur.-ui t  pat ienrsreceived both devices, we used an exact binomialtest of  unt ied pairs to determine the stat ist ical  s ig_nificance of the primary and secondary end points(6) .

Cost-Effectiveness Analysis

. We calculated incremental cost_effectiveness ra_t ios ( the addit ional cost per adcl i t ional health out_

er their palpitations were regular, ancl wlrether theysmoked or had a history of hyperiension or ische micheart dis,ea.se. 
_Each paiient iio"ia.J info.rned con_sent,  and the Flunter Health service ethics commit_tee approved the studv.

Our study *u, u .un,lomizecl crossover trial. Eachpat ient was randomly al located to have ei tner +Shours of Holrer moniror ing (M;.q;. ; i ; 'Lt" . t .oni .r ,
Sydney, New South Walei i"r,.i i"j-"1 ,n eu.ntmonitor (Aerotel ,  Israel;  Medtroni. , '  tvt inneapolr ,
Minnesota).  Thc pat ient t  "pt  t t . , f  .u.ni"n, 'oni tu,
unrt l  two-recordings were obtained during symptomsor until 3 months had passed. After the nrr, rnon_itor was returned. the pat ient *r ,  giu.n in.  ot t l " .device.

come) of event ntonitors compared with Holtermonitors for the primary and seiondary end points.All costs were in tgg4_igg5 e*,."ri#a"ilars. theanalysis rvas based on a tirne horizon itii.s weeks,which we estimated to.-be the p..ioa-O*ing whichthe study cohort of 43 patie",, f*fr"-."uld useeither monitor) would present fo, )no"ir"iing. As_suming that the event monitors woukl be given topatients for 6 weeks, approximately 13 event moni_tors were required to monitor these 43 pJ.nts fo.2l  .5 weeks.
We used a societal perspective in our analysisand estimated direct rn.,ti.oi costs oi capltal, labor,

l i1:"" :"rabte.goods and nondirect miOicat costsor relephone calls (event monitors only). We ex_cluded overhead co.sts for central aOminist.ation,
cleaning, heating, and so_ forth (direct ,.Oi.of .ortry
lll ^t""": ::"::l 

expenses (direct ;"";;;i..1';;sts) onthe assumption that these variables would not differbehveen the devices.
We calculated equivalent annual costs for capitalusing an annuitization procedure i" *f,Ii.f, we as_sunrcd an expected life span of 5 years for bothmonitors anti a 5Vo discount .ut". in. nue Holtermonitors and the analysis system in ou. uni t  costapproximarely $106 i93; this results in an equivalentannual cost of  $24 528. Because Holter equipmentis used for purposes other.than inu"riiguting p"fpi_tations, we apportioned joint .orr, on if," basis o[the pe.rcentage of use attributecl to patients withintermit tent.palpi tat ions 

.(17vo1. W" aff i t ioned anannual service cost, estimated to bJ'4.1% of thecapital cost, on the same basis. The cost of 13 eventmonitors was estimated to be SOSOO lfr4ir.omedicalIndustries, Labrador,_ eueensland, aurt.oiiu;, *hi.flresulted in an annual equivalent .or,  oi-SfSOf.- We estimated labor costs for technicians, secre_
:1*1' 

"".d cardiologists according t; fi"r;'and mo_tron for the last five patients inu.ltigot.J. Our tech_nicians spent an average of 113 mi"nutes to explainhow.to use, put on, and remove the Holter monitor
lil l 

h": to analyze and download rh; ;;;s rhirry_five minutes was needed to explain thJ euenr re_
:..o]d.lt 

and ro prepare the rhythm ,,.if-f* reporr_tng. 
.  A cardiologist  could interpret the Holtermoritor recordings in about l6 ;inutes and coulcllnterpret the event mol i tor recordings in 2 minutes;the respective rimes for secrerari"i-;;;; were l0minutes and 5 minutes. We assigned a value tothese,scrvices using ,ulge.s that were positively acl_

lttsted for annual and sick l.ou., ,uf..onnuotion
entitlcments, and worker., .orp"nroi,t'n o..rniu.nr.We assessed the robusrness of rhe .;;"i; in mul_

ll*,?-':lluivilr 
alalyles thar examined the changes

rn rrlL' orscoLrnt rute (0% and 10To), a 20To increase
and decrease in service antj laboi costs, ancl a re_duction of the proportion of Holte*oniio. .or,,
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Var iab le

Table 1. Number of patients with an Electrocardiogram
Recorded during Symptoms or with Clinici l ly
Signif  icant Arrhythmia*

clinically significant arrhythmia was documented in
each of B patients (l9Vo) (Tables 1 and 2; Figure l).

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 i3 patients (657o)
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 f lutter and ventricular premature
beats in 1 patient (atrial f lutrer on the fi ist 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 (27Vo) 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  Hol ter  moni tors.  Event  record.r ,  * . r "  dominant
in obtaining an electrocardiogram during symproms,
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 52Vo of Holter monitor costs and 41Za
of event monitor costs.

Figure 1. Electrocardiogram recording from an event recorder
showing atr ia l  f ibr i l la t ion dur ing palp i t l t ions.

124 .  Number I  (Part  l )

Hol ler  Moni tor Event Moni tor

n(ok)

Recording during 15 (35\ [21% to 49ok] 29 (67) 153V. to 8 1 % ltsymptoms {95% Cl l
Cl in ical ly  s igni{ icant  0 (0)  [O% to 3%l 8 (19) t8% to j0%]+

arrhythmia [95% CI]

'Forty-three patients participated in the study.
t P < 0.001 from paired test.
+ P < 0.005 from paired test.

attributed to Holter monitor use from 17Vo to 107a.
The effectiveness was also varied by the 95To CIs.

Results

. Of the 108 eligible patients, we asked 45 (40Ta)
to participate in the study. We did not ask the
others to participate because the two chief invcsti_
gators were not available to interview them. Of the
45 patients asked, 43 (96qo) completed rhe study.
Two persons withdrew before receiving the event
monitor because the Holter monitor lea-ds were roo
uncomfortable.

Thirry-eight participants (88To) were women, and
the mean age of all patients (tSD) was 45 -+- 19
years. Thirty-four patients (81%) reported that pal_
pitations occurred at least every 2 weeks, ancl 24
(56Vo) believed that their palpitations were regular;
the average estimate of the longest attack was
74 -r 159 minutes. The mean resting pulse rate was
76'r 15 beats/min; systolic blood pressure was
l3l ! 26 mm Hg; and diastolic blood pressure was
77 -+- 12 mm Hg. Four patients reported a history of
ischemic heart disease, 14 (33Vo) reportecl a hisiory
of hypertension, and 7 (16%) were smokers. Twen_
ty-four patients (567o) were randomly allocated to
receive the 48-hour Holter monitor before receivins
the event recorder.

Table 1 lists the results for the primary and sec-
ondary end points. Thirty patients (702o) sent in at
least one electrocardiogram recorried by the event
monitor while symptoms occurred. Two patients
had a technically inadequate electrocardiogram re-
cording transmission, but I patient subsequently
sent fwo rhythm strips showing sinus rhythm. There_
fore, 29 patients (67Vo) sent at least one recording
from an event recorder that could be interpreteJ
compared with the approximately one third of pa_
tients who obtained recordings during symptoms
with the Holter monitor (p < 0.001). Furthermore.
the Holter monitor detected no cl in ical ly s igni f icant
arrhythmias. During event recorder monitoring, a
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5upraventr icular  tachycardia
Atr ia l  f ibr i l la t ion or  f lut ter
Ventricular ectopic beats
Sinus tachycardia
Sinus rhythm

Total electrocardiogram recordings*

Table 2. Types of Cardiac Rhythm from Electrocardio.
grams Recorded during Symptoms

Hol te r  Mon i to r  Event  Mon i to r

In our study, 6 rveeks rvas sufl lcient for using the
event monitor. In a report of a company database
of  pat ients who used event  moni tors,  96Vo of  pa_
tients sent their f irst recording by 4 weeks (i2).
Although 4 to 6 weeks is usually aclequate, some
patients rvith very infrequent symptoms may neecl to
use the event monitor for a longer period.

Although the event recorders hatl a sreater di_
agnost ic  y ie ld,  some discorc lance *o,  , . .n  (35%) in
the rhytlrms sent by patients who hacl two record_
ings. Discordance was also seen with 48-hour t{olter
monitoring in hvo of the four patients in whom two
synrptom episodes were recorded. Although most
c l in ica l ly  s igni f icant  arrhythmias wcre seen on the
first recording frclrn event monitors, obtaining at
Ieast two recordings wlri le syrnptoms are occurring
n ray  l r e  p rudcn t .

Our s tudy had adequate stat is t ica l  power to ad_
dress thc nrain study hypotheses, but it was small. ln
a larger study, sonre patients with clinically signifi_
cant  arrhythmias recorded using 4g-houi  Hol ter
monitoring would have been identif iecl; we found no
such paticnts in our study. Other studies have founcl
that  I lo l ter  moni tors idcnt i fy  smal l  numbers of  pa-
t ients wi th tachyarrhythrn ias.  In  one stuc ly  of  40
pat ients,  24-hour L lo l ter  moni tor ing ident i f ie<i  2 pa_
t icr r ts  rv i th  tachyarrhythnt ias,  but  thcse arr l ty th l r i ias
were not describcd furthcr and were dcfined as any
rhythm wi th a ventr icu lar  rate of  110 beats/min or
greater  ( inc luding s inus tachycardia)  (11) .  In  an_
other  s tuc ly ,  36 of  l ( t  pat ients wcre g iven a 12-hour
t lo l ter  rnoni tor  (5) .  Of  the 7 pat ients wi th a record_
ing cluring symptonls, t had paroxysmal atrial tachy_
cardia,  4 had premature contract ions,  and t  had
junct ional  Wenckebach phenomenon (5) .

The percentage of  pat ients in  whom 4g_hour
I lo l tcr  nroni tor ing recorded an e lect rocardiogram
during synrptoms rvas higher in our study (35%)

Days
Figure 2.  Cumulat ive number of  pat ients who sent  an electrocar_
diogram from an event recorder by the number of  days needed to
re(ord an electrocardiogram whi le symptoms were ociurr ing.

0 (0)
0 (0)
4  ( 21 )
7 (37)
I (421

1 9  ( r 0 0 )

e  ( 1 8 )
3 (6)
6 ( 1 2 )

14 (29)
I  7 (3s)
49  ( r 00 )

'In some pat ients,  more lhan one type of cardiac rhythm was recorded

Discussion

The diagnosis of interrnittent palpitations is often
dilf icult; the principal concern is whethcr svmDtoms
are caused by a cardiac arrhythmia. tn our itu,lv.
48-hour Holter monitoring recorded the carcliac
rhythm while synrptonrs occurred in about one third
of the patients, but it did not identify the eight
patients (1970) who had a significant arrhythmia
(that is, an arrhythmia that woukl lead to active
treatment). ' fhis 

suggcsts that 4S-hour Ilorter nron_
itori ltg is a poor test for diagnosing cartl iac arrhyth_
mia as a cause of  in ternr i t tent  palp i ta t ions.  . l . l rc

event  rccordcrs werc twicc as l ikc ly  as t l rc  I lo l tcr
nronitors to provide a recorcling during syrnptonrs.

Other studies conrparing transtelephonic event
recorders with l lolter ntonitoring were not random_
ized (5,7-11)  ancl  s tuc i ie<I  se lectJd pat ients who hacl
negat ive I lo l ter  moni tor ing rcsul ts  (g,  10,  11) .  In
addi t ion,  i t  is  not  c lear  whether  any of  the stuc l ies
compar ing pat ients who had both ntoni tors inc luded
blinded assessment of the recorclings or usecl an
appropr iate pai red stat is t ic i r l  tcst .' I 

wo studies of real-time event recorders, in
which pat ients t ransnr i t  a  recording over  t l re  te le_
phone while symptonls are n..r.,rring. repclrtecl a
diagnostic yield of about 50Vo (5, 7). In contrast, the
newer event recorders, such as the ones usecl in our -

study, have a memory facil i ty that allows the patient
to record the electrocardiogram during syntptoms
and t ransmit  the recording at  a la ter  convenient
tinre. The diagnostic yield of the newer clcviccs re_
ported in  other  s tudies is  c loser  to our  rcsr . r l ts
(range, 55Vo to 83%) (3, 4, 10).

The types of arrhythrnia cletected by event re_
corders in other studics are also cclnsistcnt with clur
results. Several studies lrave found that 2\o/o to (t6Vo
of patients whose symptoms rvere recordecl have
s inus  rhy thm (3 ,4 ,  i , 9 -11 ) ,  a  f i nd ing  s i rn i l a r  t o  t ha t
in  11 of  29 pat ients (35%) in  our  s tuc ly .  In  two
other  s tudies,  event  moni lors recor t lcd supraysnl l lg_
ular  tachycardia and atr ia l  f ibr i l la t ion o i  f lu t tcr  in
19% (5) and 29% (3) of patients, respectively, conr_
pared with l97o h our study.

U)
c
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Table 3. Costs and Cost_Effectiveness of Each Devrce

Variable

Holter Monitor Event Monitor

Cost,{or 43 patjents for 2 1.5 weeks. (range from sensrtivtty analysis)lncJem€ntal 
_cost etfectjveness Ior event monitors 4245 (2650 to 4gg4t 1258  (1049  ro  1471 )5r l2s8 -  54245 _-_)9__ 
lE_ 

_ _ nz I i per additional electrocardjogram recorded during symptoms*
5 1 2 5 8  -  $ 4 2 4 5  =  - { 3 7 r  n o . ,__ __rr / rperaddi t ionalc l in ical lys igni f icantarrhythmiadetected*

* This represents a cost-sdving with event montto.s

than in other studies of patients with cardiac symp_toms (2Vo to 20o/o) (2_5). However, these srudiesincluded Holter monitoring for 12 und 24 hou.r,and the diference 
.in diagnostic yield may reflectthese shorter recording p.iiodr.

The longer recording period with the event re_corders is almost certainly the main reason thatthese devices haci a higher diagnostic yietA than the
- Holter monitors. The average number of days (total
number of days monitored in all patients/number ofpatients) was much higher with tile euen'f recorders(34 days) than with the Holtemonito., (2 days).Presumably, if Holter monitoring could be contin_ued for a similar number of day"s, it would have adiagnostic yield similar to that of ifr" ""*, record_
ers. tlowever, prolonged Holter monitoring is un_comfortable for patients antl has higher costs fortechnician and carci iologist  t ime.

Event recorders cannot replace all the functions
of Holter monirors" Il o.l. siudy, only ll,fo of pu-tients were considered eligible f'- ;"; recorclers.
Another 16%o would have- been uUt. io use theseclevices but were excluded ,because tiev had hatlprevious monitoring. The remaining patients eithercould not use the event recorder (beciuse of investiga_
ljol fo.. syncope or because of physical or cognirivelimitations) or hatl indications if,ut n..ersitot.A
monitoring.- tbr asymptomatic electrocardiography
changes (silent ischemia, assessment of pu.emote.
function or antiarrhythmic drugs, onA .olitorlng ofinpa.tients). As many as one thlrd of patients jn ourteaching hospital population would be able to usernc evenI recorder:  lh is proport ion may be highcr inother centers or practiccs where the assessment oftherapeutic devices or drugs is a less common indi-cation for cardiac monitoiing than is investigation

of palpi tat ions.
Our study shows that compared with Holtermonitors, event recorders result in adclitional bene_fits at a lower cost when used for diagnosing inter_mittent palpitations. Even if costs 

"u." 
ignor.,t,

Holter monitor ing . is a poor diagnost ic test in pa_

11L1ts yitn palpirations. Evenr recorders providebetter data, are more cost_effective, and should re_
_place Holter monitoring for this pufior""*t.n.u".
possible.
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