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Background: To determine the sensitivity and specificity, rate of compliance, and predictors of failure
of telephone transmission of pacemaker function in a pediatric population.

Methods: A total of 2,638 pacemaker transmission records were reviewed retrospectively. Standard cal-
culations of sensitivity, specificity, and positive and negative predictive values were performed. Longitu-
dinal data analysis was used to detect factors influencing the effectiveness of transtelephonic monitoring.
The proportion of missed transmissions was calculated, thus enabling assessment of compliance. Logistic
regression was performed to determine predictors of poor compliance.

Results: Telephone transmission of pacemaker function, as a diagnostic tool, had a sensitivity of 94.8%,
specificity of 99.2%, positive predictive value of 82.1%, and negative predictive value of 99.9%. Longitudi-
nal analysis failed to show any significant predictors of transmission failure. Compliance with a prescribed
transmission reached 84.5% in our patient population. Logistic regression analysis failed to identify any
predictors of noncompliance.

Conclusion: Values for sensitivity and specificity indicate that telephone transmission is a useful diag-
nostic tool for assessing pacemaker function at a distance. Negative predictive value is 99.9%, indicating
that normal telephone transmissions are very reassuring of normal pacemaker function. Telephone trans-
mission is equally successful in all age groups, genders, distances from a tertiary referral center, underlying
diagnoses, pacing modes, and pacemaker models. Compliance with telephone transmission follow-up was
higher in our population than in previous studies. (PACE 2007; 30:725–729)
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Introduction

Routine follow-up care of pediatric patients
with cardiac pacemakers involves regular assess-
ment of pacemaker function. Pacemakers may fail
for a variety of reasons including battery failure,
rising thresholds, and lead failure. Clues to all of
these malfunctions can be detected by telephone
transmission from the patient’s own home, a mech-
anism of follow-up which has been in use since
the 1970s.1–4 Each transmission includes an initial
short rhythm strip followed by a threshold mar-
gin test and finally another rhythm strip demon-
strating the magnet rate of the pacemaker system.
Pacemaker malfunction may result in abnormali-
ties in any or all of the three components of the
transmission. The development of new dysrhyth-
mias can also be detected on the rhythm strip,
and although not always an indicator of pacemaker
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malfunction, these may warrant adjustment of de-
vice settings.

Previous studies of transtelephonic monitor-
ing in both adult and pediatric centers have shown
it to be both sensitive and specific for the detection
of pacemaker dysfunction.2,5 There are, however,
the inevitable false negative and false positive re-
sults. This system of follow-up is also plagued by
problems with patient compliance.6

A telephone transmission system has been in
use at the IWK Children’s Heart Centre in Halifax
for approximately 25 years. In combination with
intermittent outpatient reviews, it is the primary
means of follow-up for our pacemaker patients.
Our patients are distributed throughout the entire
Maritime Canada region, an area of some 134,000
sq km. Many families report some difficulty in
reaching our facility due to a variety of travel con-
straints, and thus a system of follow-up that can
take place in the patients’ own homes would seem
advantageous.

Our objectives in this study were three-
fold. The primary intention was to obtain val-
ues for the sensitivity and specificity of telephone
transmission of pacemaker function in our ge-
ographically diverse pediatric population. Sec-
ondly, we sought to obtain data on patient com-
pliance with this system of follow-up. Finally, we
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aimed to unearth any predictors of failure of this
system.

Methods

A retrospective cohort study by chart review
was undertaken. The pacemaker charts containing
all recorded telephone transmissions of pediatric
patients in Maritime Canada in the years 1995 to
2005 inclusive were analyzed. Data was extracted
on transmission assessment (problem vs no prob-
lem), indication for transmission (routine sched-
uled, patient symptoms, repeat transmission for
clarification), requirement for clinical review and
direct interrogation of pacemaker function (and
thus a correlation with the transmitted details),
requirement for reprogramming or surgical inter-
vention, gender, age of the child and the pace-
maker at the time of transmission, underlying di-
agnosis, distance from IWK Heart Centre (within
Halifax Regional Municipality vs outside), pace-
maker model, pacing mode, and deviation of the
date of transmission from the recommended guide-
lines (suggesting patient compliance problems).

In order to obtain the sensitivity and speci-
ficity of telephone transmission as a diagnostic
test, we compared transmission results with de-
tails of pacemaker function obtained at the pa-
tient’s next clinical review. Two subtypes of failure
of the telephone transmission service were incor-
porated into our final analysis. These were:

1. False positive results (i.e., abnormal trans-
missions which prompted clinic review at which
no pacemaker problems were identified), and

2. False negative results (i.e., pacemaker
dysfunction that was not detected by telephone
transmission—detected instead at clinic review
due to symptoms or at routine clinic review). We
have arbitrarily chosen a time period of 1 month
from normal transmission to clinical detection of
pacemaker dysfunction, as has been used in pre-
vious reports.5,6

To obtain a measure of patient compliance, the
ratio of actual transmissions to prescribed trans-
missions was calculated. A transmission was con-
sidered noncompliant if it never occurred or oc-
curred late (by more than 4 days during a pe-
riod when weekly transmissions were prescribed,
by more than 2 weeks during a period when
monthly transmissions were prescribed, by more
than 3 weeks during a period when 2 monthly
transmissions were prescribed, or by more than
1 month during a period when 3 monthly trans-
missions were prescribed). Scheduled times were
adjusted to account for intervening outpatient ap-
pointments.

To calculate predictors of failure of the
transtelephonic monitoring system, a longitudi-
nal data analysis technique was used. Longitudi-
nal analysis is appropriate for datasets in which
multiple observations are made on the same sub-
jects at different points in time. It provides a way
to account for the correlation that exists between
different observations taken on the same subject
and permits a generalized application of the re-
sults to the whole population. A marginal model
was used on our longitudinal dataset and an ex-
changeable correlation structure was assumed in
order to take into account the correlation between
observations on the same patient. An exchangeable
correlation structure assumes that the correlation
between any two observations on the same sub-
ject is constant. That is, for an individual child,
the correlation between transmission 1 and trans-
mission 2 is the same as the correlation between
transmission 1 and transmission 6. For each trans-
mission, the marginal expectation of the response
was regressed on a set of possible explanatory vari-
ables using a backwards-stepwise procedure. The
variables included age, gender, proximity to our
center, pacing mode, pacemaker model, time since
implantation, year of transmission, and underly-
ing diagnosis. A Wald test (χ2) was used to assess
statistical significance.

In assessing compliance, we used simple lo-
gistic regression, counting each patient’s overall
compliance as a single outcome. The variables
used in the logistic regression included age at ini-
tial implantation, gender, proximity to our center
and underlying diagnosis.

Results

A total of 2,638 transmissions were received
from 106 patients (49 males and 57 females) from
June 1995 to June 2005 inclusive. The age at trans-
mission ranged from 12 days to 24.4 years, and
the time from pacemaker implantation to trans-
mission ranged from 1 day to 11.6 years. A total
of 13% of the patients lived locally, and the re-
maining 87% lived in other communities within
Maritime Canada. The indications for transmis-
sion included: routine scheduled 2,261 (85.7%),
repeat transmission for clarification 330 (12.5%),
and patient symptoms 47, (1.8%). Of the 2,638
transmissions, 234 (8.9%) were unable to be as-
sessed due to poor quality of the printout and these
were usually repeated. Documentation of trans-
mission details was unable to be located for 49
(1.9% of all transmissions) and these were ex-
cluded from the analysis. Of the remaining 653
abnormal transmissions, the problem for the vast
majority was failure of the threshold margin test
to be seen within the tracing. On only 20 oc-
casions in 10 years did investigation of these
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Table I.

Transmission Problems

Transmission Problem No. of Patients

Poor quality printout 2

False positive TMT problem 3

False positive MR problem 1

False positive rhythm problem 5

False positive TMT + MR problems 9

False negative transmissions 5

TMT = threshold margin test; MR = magnet rate.

positive results require outpatient attendance for
clinical assessment. The remainder of the abnor-
mal transmissions were found to be satisfactory
upon subsequent transmission.

Potential false negative transmissions in-
cluded: 2 cases of lead dysfunction diagnosed at
scheduled outpatient review or on Holter monitor
after normal transmissions 22 and 23 days prior, 2
cases of impending battery depletion after normal
transmissions both 11 days prior, and 1 rhythm
problem which had a normal transmission 25 days
prior. Table I provides a summary of transmission
problems.

Fifty-nine cases of pacemaker dysfunction
were diagnosed on transmission (true positives)
and these included 28 cases of rhythm distur-
bance, 16 cases with end-of-battery-life indicators
and 15 cases of lead dysfunction. These were all
reviewed in the inpatient or outpatient setting for
confirmation of the abnormality, reprogramming of
the pacemaker or surgical intervention as appro-
priate. The number of true positive transmissions
has been recorded as 92 owing to the performance
of repeat transmissions to confirm the abnormali-
ties detected.

Sensitivity and specificity can be obtained
from Table II. Based on these figures, telephone
transmission of pacemaker function, when used
as a diagnostic test, had a sensitivity of 94.8% and
a specificity of 99.2%. An abnormal transmission
had a positive predictive value of 82.1%. The nega-
tive predictive value of a normal transmission was
99.9%.

The longitudinal data analysis failed to iden-
tify any significant predictors of failure of tele-
phone transmission (Table III).

During the 10 years of the study period, 3,123
transmissions were “prescribed.” 2,407 occurred
at the recommended time. A further 231 occurred
but were “late,” as previously defined, and the re-
maining 485 were missed altogether. Overall com-

Table II.

Accuracy of Telephone Transmission of Pacemaker

Function

Transmission Results

Abnormal Normal

Pacemaker function

Abnormal 92 (TP) 5 (FN)

Normal 20 (FP) 2,472 (TN)

TP = true positive; FN = false negative; FP = false positive; TN
= true negative

pliance with individual prescribed transmissions
was, therefore, 77%. If “late” transmissions were
included, this improved to 84.5%. For the pur-
poses of assessing compliance, patients were con-
sidered compliant if they completed 80% or more
of their prescribed transmissions. In this frame-
work, 51/109 (46.8%) of our patients were satis-
factorily compliant with telephone transmission
follow-up, and if late transmissions were included,

Table III.

Logistic Regression Coefficients (standard errors) for the

Exchangeable Correlation Structure

Marginal Model

Estimated

Variable Coefficient (SE) P-value

Male gender 0.33 (0.37) 0.38

Age at time of transmission

(years)

0.004 (0.43) 0.92

Proximity to Heart Center −1.47 (0.99) 0.14

Year of transmission 0.10 (0.08) 0.24

Time since pacemaker

implantation (years)

0.035 (0.06) 0.52

Ventricular pacing mode −0.41 (1.0) 0.68

Dual chamber pacing mode 1.14 (1.11) 0.30

Single-chamber

rate-responsive device

1.03 (1.67) 0.54

Dual-chamber nonrate-

responsive device

0.70 (1.78) 0.70

Single-chamber

nonrate-responsive device

0.99 (1.77) 0.58

Pacing modes were coded as factors and regression coefficients
were calculated relative to Atrial pacing modes. Pacemaker
models were coded as factors and regression coefficients were
calculated relative to Dual-chamber rate-responsive device
models.
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73/109 (67.0%) could be described as compliant.
Logistic regression failed to identify any predictors
of poor compliance.

Discussion

Our experience with telephone transmission
during the 10 years covered by this study, and in-
deed in the years prior, has been a positive one. Our
impression was that it had been a sensitive and
specific tool for the detection of pacemaker dys-
function. The results of this study have supported
this clinical impression and closely compare with
previously published sensitivities of 95% to 100%
and specificity of 98.5%.5,6

The high negative predictive value obtained
in our study and others5 provides support for
the continued usage of a telephone transmission
system in that the vast majority of assessments
of pacemaker function will be normal and will
be transmitted as such. A normal transmission
should be quite reassuring for patients and their
families, as well as for the physicians following
them.

Despite the benefits of reassurance, it is ob-
viously important not to miss significant pace-
maker dysfunction. Some studies have found
that in-office follow-up of pacemaker patients de-
tects more cases of pacemaker dysfunction than
transtelephonic follow-up.7,8 In fact, the Canadian
Working Group on Cardiac Pacing recommends di-
rect patient follow-up rather than transtelephonic
monitoring but recognizes that the latter may be
more practical in geographically isolated patients
and in cases where frequent monitoring is re-
quired.9 These exceptions would certainly apply
to many of our study patients. It has therefore
been recommended that transtelephonic monitor-
ing only be used as an adjunct to ongoing monitor-
ing rather than as the exclusive means of follow-
up, and this has been our practice.8–11 In fact, up to
2,229 outpatient visits were avoided by the use of
this system over the 10 years of the study period.
This is a considerable cost benefit to the health
system and to the patient and family, as has been
shown by previous studies6,9,12,13

Longitudinal analysis of our failed transmis-
sions revealed no significant predictors of trans-
mission failure. This too is reassuring as there was
no difference in accuracy of the transmission ser-
vice for patients living farther from a tertiary Cardi-
ology center, patients with recently implanted de-
vices or younger patients, nor was there any partic-
ular underlying diagnosis that reduced accuracy.
Also, there were no differences in ability to trans-
mit with any of the pacemaker models or pacing
modes in use by our population.

Compliance with scheduled transmissions in
Maritime Canada has been higher than that re-
ported in other studies.6 The primary reason for
this is most likely the telephone follow-up of late
transmissions by our technical staff. The provi-
sion of a toll-free telephone number since 2004
may also have removed some financial constraints
and thus enhanced compliance. It may be that the
transmission service itself has improved overall
compliance with follow-up as some studies have
suggested that follow-up rates of pacemaker pa-
tients are actually enhanced by the use of a tele-
phone monitoring system.14

Conclusions

Maintaining an awareness of the potential in-
accuracies inherent within a telephone transmis-
sion service is essential when integrating such a
system into follow-up arrangements. While cer-
tainly not a perfect tool for follow-up, we believe
that the reassurance of a normal transmission and
the convenience and cost-savings afforded by this
test make it a very useful tool for the follow-up
of pediatric pacemaker patients. Families appear
to support this view as evidenced by the higher
than previously reported compliance rate with
prescribed transmissions.
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