
6. Ellenbogen KA, Dias VC, Cardello FP, Strauss WE, Simonton CA, Pollak SJ,
Wood MA, Stambler BS. Safety and efficacy of intravenous diltiazem in atrial
fibrillation or atrial flutter.Am J Cardiol1995;75:45–49.
7. Shaher E, Barzilay Z, Frand M. Verapamil in the treatment of paroxysmal
supraventricular tachycardia in infants and children.J Pediatr1981;98:323–326.

8. Epstein ML, Kiel EA, Victoria BE. Cardiac decompensation following vera-
pamil therapy in infants with supraventricular tachycardia.Pediatrics1985;75:
737–740.
9. Radford D. Side effects of verapamil in infants.Arch Dis Child1993;58:465–
466.

Holter Monitoring: Are Two Days Better Than One?
Seth McClennen, MD, Peter J. Zimetbaum, MD, Kalon K.L. Ho, MD, and

Ary L. Goldberger, MD

A lthough continuous-loop event recorders are be-
coming the standard of care for the evaluation of

intermittently symptomatic arrhythmias,1–3 physicians
continue to routinely order Holter monitoring (HM)
for initial assessment of symptomatic and asymptom-
atic arrhythmias. A 24-hour monitoring period is usu-
ally selected, but limited data exist to support the
optimal duration of HM. One study4 has suggested
that extending the monitoring period for evaluation of
syncope could increase diagnostic yield. However, no
published data are available concerning the incremen-
tal yield and cost effectiveness of a second consecu-
tive 24-hour HM period in the evaluation of other
symptoms. We performed a retrospective analysis of
data from 164 consecutive patients referred for eval-
uation with 48-hour HM.

• • •
From July 1992 to October 1998, we reviewed

48-hour HM of 164 patients referred to the arrhythmia
monitoring laboratory in a tertiary care medical cen-
ter. Primary indications obtained from the referring
physician included palpitations, presyncope, syncope,
evaluation of atrial fibrillation, and cerebral ischemic
events.

The daily monitoring cost (1998 United States
dollars), including monitoring equipment deprecia-
tion, laboratory technical staff, and the interpreting
physician fee, was $300 per patient. Because the anal-
ysis of each daily HM report was performed indepen-
dently, we assumed that the cost of a 48-hour moni-
toring period would be double the cost of a 24-hour
monitoring period. Cost effectiveness was determined
by the incremental cost divided by the incremental
monitoring yield per day.

Each patient referral generated 2 separate 24-hour
HM readings. Patients recorded all symptoms in a
diary. Positive diagnostic outcomes were defined by
(1) relevant symptoms in the presence or absence of

arrhythmia, (2) potentially serious arrhythmias, or (3)
other arrhythmias. Symptoms or arrhythmia on the
second day of monitoring were only considered diag-
nostic if not previously documented on the first day of
HM. A combined outcome for each 24-hour period
was defined by the sum of the positive diagnostic
outcomes listed above. Patients with both a new
symptom and an unrelated new arrhythmia in the same
24-hour period were included only once in the com-
bined outcome.

Arrhythmias defined as serious (or potentially se-
rious) were atrial fibrillation and/or flutter, sustained
paroxysmal supraventricular tachycardia (.15 sec-
onds), nonsustained or sustained ventricular tachycar-
dia, junctional rhythm with rate of,40/min or with
symptoms, symptomatic sinus bradycardia with rate
of ,50/min, and complete or high grade second-
degree atrioventricular heart block. Other arrhythmias
included frequent ventricular premature depolariza-
tions (.10/hour), multiform ventricular premature de-
polarizations, ventricular couplets, frequent atrial pre-
mature depolarizations (.200/hour), and atrioventric-
ular Wenckebach rhythm. Arrhythmias were
considered symptomatic if the patient recorded rele-
vant symptoms at any time while the arrhythmia was
present on HM recording.

Baseline patient characteristics of the study group
are shown in Table I. Table II summarizes the symp-
tom and arrhythmia outcomes in the study group.
After 48 hours of HM, 74 of the patients (45%)
remained asymptomatic. Sixty patients (37%) re-
mained in sinus rhythm without ectopy or arrhythmia
throughout the 48-hour monitoring period. During day
1, 96 patients (59%) were diagnosed with a new
arrhythmia, compared with 8 patients (5%) on the
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TABLE I Clinical Information (n 5 164)

Baseline Characteristics

Men/women 74 (45%)/90(55%)
Age (yrs)

Mean 6 SD 59 6 19
Range 17–93

Indication
Palpitations 60 (37%)
Presyncope/syncope 51 (31%)
Cerebral ischemic events 9 (5%)
Evaluation of atrial fibrillation 21 (13%)
Research protocol; other 23 (14%)

562 ©2000 by Excerpta Medica, Inc. All rights reserved. 0002-9149/00/$–see front matter
The American Journal of Cardiology Vol. 86 September 1, 2000 PII S0002-9149(00)01017-1



second day. The most common arrhythmias included
ventricular and atrial ectopy in 66 patients (40%),
atrial fibrillation in 17 patients (10%), paroxysmal
supraventricular tachycardia in 8 patients (5%), and
nonsustained ventricular tachycardia in 6 patients
(4%). Using the combined outcome of new symptoms
and/or any new significant arrhythmia, 117 patients
(71%) reached this end point on the first day compared
with 23 patients (14%) on the second day.

Fourteen patients (9%) did not return diaries. The
frequency of arrhythmia in these patients did not sig-
nificantly differ from the rest of the study population.
These patients were considered asymptomatic in the
analysis.

Stratification by referral indication revealed that
only 2 of 60 patients referred for general evaluation of
palpitations were diagnosed with a new serious ar-
rhythmia in the second 24-hour HM period (3%
yield). This was comparable to 3 of 21 patients (14%
yield) referred for specific evaluation of atrial fibril-
lation. No patients referred for syncope or cerebral
ischemic events (n5 60) were diagnosed with a new
serious arrhythmia during the second 24-hour moni-
toring period.

Table III shows the overall incremental cost of HM
diagnostic outcomes per day. Further stratification by
specific referral indication revealed that the incremen-
tal cost of diagnosing a new serious arrhythmia in
patients being evaluated for possible atrial fibrillation
increased from $450 for 24 hours of HM to $2,100 for
48 hours of HM. The incremental cost of diagnosing a
new serious arrhythmia in patients referred for evalu-
ation of palpitations increased from $3,000 to $9,000
with the addition of a second 24-hour HM period.

• • •
This retrospective study, the largest to date to eval-

uate 48-hour HM, shows that in this population the
incremental diagnostic yield of HM decreases signif-
icantly with a second day of monitoring. Although
there was a high frequency of arrhythmias and symp-
toms in our study group, the arrhythmia frequency in
this study appears comparable to previous case stud-
ies.3–5 Because the incremental diagnostic yield falls
off rapidly after 24 hours of monitoring and costs
remain fixed, the cost effectiveness of a second 24-
hour monitoring period is very low. A similar obser-

vation has been made for extending the duration of
continuous-loop event recorder monitoring.6

We included all symptomatic patients in the posi-
tive result group because of the clinical utility of
capturing symptomatic complaints that were not asso-
ciated with arrhythmia. The high proportion (55%
diagnosed by 48 hours) of symptomatic patients in-
cluded using the combined end point elevated the
number of positive studies. If subjective palpitations
were excluded as a positive result in this analysis,
48-hour HM remained cost ineffective when com-
pared with 24 hours. To diagnose any arrhythmia, the
incremental cost increased from $513 for 24 hours of
HM to $6,150 for 48 hours of HM.

In our study, only 5 patients were diagnosed with a
serious new arrhythmia on the second day. Two patients
had paroxysmal supraventricular tachycardia associated
with intermittently symptomatic palpitations, a condition
that may be more effectively evaluated with a continu-
ous-loop event recorder.2,3 The 3 patients with “new”
atrial fibrillation were actually referred for evaluation of
that condition, indicating that the referring clinician was
aware of the diagnosis before the 48-hour HM result was
known. Therefore, one possible limited use of more
extended HM is the evaluation of known asymptomatic
paroxysmal atrial fibrillation, if an initial negative 24-
hour HM has been obtained.

Our study is limited by its retrospective design. Be-
cause 48-hour recordings comprised only 2% to 3% of
all HM studies obtained in our institution, a prospective
study would not have been time efficient. The present
study is also limited by possible selection bias, because
assignment to 48-hour monitoring was made by the
referring physician and not by random assignment. The
applicability of our results to the general population
referred for HM is supported by the similar frequency of
arrhythmia detection in previously published 24-hour
HM studies.3–5 However, a randomized prospective as-
sessment of HM duration remains to be performed.

We conclude that in the population studied, 48
hours of HM is not cost effective when compared
with 24 hours of HM, with the possible exception of
evaluating asymptomatic paroxysmal atrial fibril-
lation.
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TABLE II Monitoring Yield (n 5 164)

Holter Monitor Outcome Day 1 Day 2

New symptoms 74 (45%) 16 (10%)
New arrhythmia 96 (59%) 8 (5%)

Serious (or potentially serious) 31 (19%) 5 (3%)
Atrial fibrillation 14 3
Ventricular tachycardia 6 0
Paroxysmal supraventricular

tachycardia
6 2

Junctional rhythm 3 0
Sinus bradycardia 1 0
High grade heart block 1 0

Other 65 (40%) 3 (2%)
Combined outcome of new symptoms or

new arrhythmia
117 (71%) 23 (14%)

TABLE III Incremental Cost of Holter Monitor Outcome per
Day (1998 US dollars)

Holter Monitor Outcome Day 1 Day 2

New symptoms $665 $3,075
New arrhythmia $513 $6,150

Serious $1,587 $9,840
Other $757 $16,400

Combined outcome of new
symptoms or new
arrhythmia

$421 $2,139
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Effect of Hypertension on Cardiac Mass and Radial
Artery Wall Thickness

Jean Jacques Mourad, MD, Olivier Hanon, MD, Xavier Girerd, MD, PhD,
Pierre Boutouyrie, MD, PhD, and Michel E. Safar, MD

In the last decade, not only cardiac and carotid artery
hypertrophy, but also radial artery hypertrophy,

have been recognized in systemic hypertension.1,2 The
purpose of the present study was twofold: (1) to de-
termine the level of cardiac and radial artery mass in
subjects with essential hypertension, and (2) to eval-
uate which mechanical factor (mean arterial pressure,
or pulse pressure, or a combination of both) may be
considered to be a significant link between these 2
different cardiovascular structures.

• • •
From June 1996 to June 1997, approximately 2,500

patients entered the Department of Internal Medicine
of Broussais Hospital (Paris, France) for a cardiovas-
cular prevention examination. From those patients,
300 never treated subjects (161 men and 139 women)
with sustained essential hypertension were selected on
the basis of previously described criteria.3 High blood
pressure (BP) was defined as systolic BP.140 mm
Hg and/or diastolic BP.90 mm Hg, determined by
arm cuff and mercury sphygmomanometer. Patients
with a history of congestive heart failure, cerebrovas-
cular, coronary or valvular heart disease, renal insuf-
ficiency (serum creatinine.200 mmol/L) or insulin-
or non-insulin-dependent diabetes were not included
in the study. Mean age and body mass index were
49 6 14 years and 25.66 4.3 kg/m2 (mean6 1 SD),
respectively. The mean values for plasma glucose,
total cholesterol, and creatinine were 5.96 1.2
mmol/L, 5.6 6 1.1 mmol/L, and 816 16 mmol/L,
respectively. Smokers represented 19% of the popu-
lation.

The study was performed at 9A.M. after blood
fasting specimens were taken. Written consent was
obtained from all the participants after a detailed de-
scription of the procedure. Casual BP was measured
by sphygmomanometry with patients in the supine
position after 10 minutes rest, using the first and the
fifth phases of the Korotkoff sounds. Three consecu-
tive measurements were performed by 1 physician and

the average of the last 2 measures was used. Mean
casual BP was calculated as diastolic BP1 1/3 (sys-
tolic BP 2 diastolic BP). Pulse pressure was calcu-
lated as systolic BP2 diastolic BP. After casual
determinations, semi-automatic noninvasive BP mea-
surements were performed using the Dinamap 845
device (Criticon Inc, Tampa, Florida). This device
was set to automatically inflate every 3 minutes.4 Ten
automatic measurements were recorded on a printer
and the average of the last 5 measurements was con-
sidered to be the BP.

Because aortic pulse BP is physiologically lower
than brachial pulse BP for the same mean arterial BP,5

we established a nomogram, allowing for calculation
of aortic pulse pressure from the determinations of
brachial systolic and diastolic BP using the Dinamap
measurements. Previously published data6 indicated
the individual values of age, intra-aortic systolic and
diastolic BP, and brachial systolic and diastolic BP
(mm Hg) measured by Dinamap. From these data, we
established the following equations: systolic BP (aor-
ta) 5 1.12 systolic BP (Dinamap)2 17, and diastolic
BP (aorta)5 0.97 diastolic BP (Dinamap)2 0.32.
From the 2 nomograms, aortic pulse pressure was
deduced. All the subjects (n5 300) underwent an
evaluation of radial artery parameters by ultrasound,
whereas 80 subjects had concomitant echocardio-
graphic measurements using standard techniques.7,8

The high resolution echo-tracking device used for
radial artery measurements at the wrist has been pre-
viously described and validated in humans.9 Arterial
diameter and posterior wall thickness were measured
when a “double peak” radiofrequency ultrasound sig-
nal of the anterior and posterior walls was obtained.1,2

Short-term intraobserver repeatability was 2.8% and
5.1% for internal diameter (Di) and intima-media wall
thickness (h) measurements, respectively.1 The wall
cross-sectional area (square millimeters) was calcu-
lated as (3.14De

2/4) 2 (3.14Di
2/4), with De as the

external diameter, and the radius-thickness ratio as
Di/(h z 2). Because of the incompressibility of the
arterial wall, the radial artery mass was more appro-
priate to calculate than wall thickness itself,10 and was
expressed in milligrams per centimeter. Measure-
ments of both left ventricular (LV) and radial artery
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