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BACKGROUND: Rectal thermometry correlates with eore temper-
ature and represents the criterion standard of measuring remperatures
in young children. However, it has numerous disadvantages, and
thus, an alternative method of measuring temperature with similar
agreement with the core temperamre as rectal thermometry is
desired. A new, noninvasive temporal artery {TA) thermometer syn-
thesizes the skin surface and ambient temperatures to produce an
arrerial temperature.

OBJECTIVE: To examine the agreement between the TA and
esophageal core thermometers, and to compare it with that berween
rectal and esophageal temperatures.

METHODS: In the present prospective, cross-sectional agreement
study, intubared surgical outpatients younger than 18 years of age had
temperatures measured with esophageal and rectal probes, and recral
electronic and TA  thermometers. The agreement berween
esophageal versus rectal and TA thermometers was analyzed by incra-
class correlation coefficients and by differences between esophageal
versus TA and rectal remperatures with 95% Cls. The esophageal-
recral and esophageal-TA slopes were compared by Student’s t rest.
RESULTS: In 80 enrolled children, the intraclass correlation coeffi-
cients for the esophageal probe versus rectal probe, rectal electronic
thermomerer and TA thermometer were 0,91, 0.95 and (.88, respec-
tively. The mean esophageal-rectal difference was 0.00+£0.18°C and
esophageal-TA difference was 0.14£0.20°C. Linear regression analy-
sis of the relarion berween esophageal probe versus rectal probe, rec-
tal thermometer and TA thermometer yielded slopes of 0.93, 0.94
and 0.89, respectively. The slopes were neither different from each
other (P=0.70) nor from the value of 1.

CONCLUSION: The TA and esophageal thermometers agree well,
and the esophageal-TA and esophageal-rectal temperature apree-
ments are not significantly different.
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Une comparaison entre la température de
I’artére temporale et la température centrale
du rectum et de I’cesophage chez les enfants :
Résultats d’un projet pilote

HISTORIQUE : La thermométrie rectale correspond 4 la température
centrale et représente la norme évaluative de mesure des températures
chez les jeunes enfants. Cependant, elle comporte de nombreux
inconvénients. Clest pourquoi un autre mode de mesure de la température
est soubaité, qui concorde autant avec la température centrale quiavec la
thermométrie rectale. Un nouveau thermométre de Partiére temporale
(AT), moins effractif, analyse la surface de la peau et la température
ambiante pour la synthétiser en température artérielle.

OBJECTIF : Analyser la concordance entre le thermomitre de PAT et
le thermomiree central de P'asophage et la comparer avee celle entre les
températures rectale et cesophagienne.

METHODOLOGIE : Dans la présente ¢tude de concordance
prospective et transversale, des opérés ambularoires intubés de moins de
18 ans faisaient prendre leur température au moyen de sondes
wsophagienne et recrale et de thermomitres électronique rectal er de
I'AT. La concordance entre les thermométres cesophagien, rectal et de
I'AT a été analysée au moyen de coefficients de corrélation intraclasse ¢t
des différences entre la température cesophagienne et celles de AT et du
rectum selon des [C de 95 %. Les pentes entre les températures de
I'cesophage et du rectum et entre la température de 'cesophage et de AT
ont é6é comparées d'apris le test de Student.

RESULTATS : Chez les 80 enfants participants, les coefficients de
corrélation intraclasse de la sonde wsophagienne par rapport i la sonde
rectale, au thermométre électronique rectal et au thermomiere de I'AT
étaient de 091, 0,95 et 0,88, respectivement. La différence movenne
entre les températures cesophagienne et recrale s"élevait 4 0,00+0,18 *C
et celle entre les températures de l'mesophage et de UAT, 3 0,14£0,20 °C.
Lanalyse de régression linéaire de la relation entre la sonde asophagienne
par rapport 3 la sonde rectale, 2u thermomére rectal et au thermomitre
de I'AT a donné des penres de 0,93, 0,94 et 0,89, respectivement. Les
pentes n'étaient ni différentes Pune de Paucre (P=0,70) ni par rapport & la
valeur 1.

COMNCLUSION : Les thermométres de I'AT er de l'wsophage
concordent bien, et les concordances enwe les températures de
l'cesophage et de UAT et celles de asophage et du rectum ne différaient
pas de manidre considérable.
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Tempcm[urc measurement constitutes an imporcant
aspect of paediatric health care. Ideally, temperature
measurement should be accurate, noninvasive, time effi-
cient and relatively technigue-independent. It should also
closely reflect the core body temperature. None of the cur-
rent thermometry methods meet all these criteria and the
search continues for an improved way of measuring temper-
atures in children.

The temperature of the central organs is best reflected by
the core temperature measured in the pulmonary artery.
The distal esophagus has also been found to be an accurate
site for core temperature determination (1,2). However,
these invasive thermometry methods are limited to the
intensive care unit (ICU) andfor operating room settings.
Therefore, other methods of thermometry using various
peripheral body sites are used as core temperature approxi-
mations. Several adult and paediatric studies have demon-
strated closer agreement between the core temperature
taken in the pulmonary artery and rectal temperature than
those taken in the axilla, the ear or the mouth
(3-6). The rectal method has therefore been considered the
criterion standard for measuring temperature in infants (7).
However, rectal thermomertry is time consuming, uncom-
fortable (89) and contraindicated in immunosuppressed
children (10). Thus, it is inconvenient to use in busy clini-
cal settings, such as triage in paediatric emergency depart-
ments (EDs). Another, more user-friendly method of
thermometry that meets the aforementioned criteria is
therefore desired.

A new type of thermometry based on infrared arterial
temperature measurement has recently been developed.
This method automatically synthesizes the skin surface
temperature and the ambient temperature to produce an
arterial temperature. Recent evaluations of the temporal
artery (TA) thermometer in the ED setting have yielded
disparate results. While one study found the sensitivity of
the TA device for detecting rectal fever to be only 66%
(11), another ambulatory study found this thermometer to
be an effective screening device (12). However, no pub-
lished paediatric study to date has examined the agreement
between TA temperatures and core temperatures measured
either in the pulmonary artery or in the esophagus.

The objective of the present study was to examine the
agreement between the esophageal criterion standard and
TA temperature measurements and to investigate if this
correlation was significantly lower than that between
esophageal and rectal temperature readings. The present
study represents the first validation component for TA ther-
mometry and is a prerequisite for further evaluation of this
new technology.

METHODS
Patient population
The study population comprised children who were undergo-
ing elective dental surgery requiring endotracheal tube place-
ment. Exclusion criteria included an abnormal esophageal or
anorectal anatomy, immunosuppression, disturbances of
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thermoregulation and family history of malignant hyperther-
mia. Patients requiring spinalfepidural anesthesia, heating
blankets or use of high flow/high humidity inspired gases, and
those requiring induction of hypothermia, were also excluded.
The study was approved by the Human Research Ethics
Board of The Hospital for Sick Children and wrirten consent
was obtained from each patient’s parents.

Study design

The present study was a cross-sectional agreement study.
Eligible children had their temperatures measured simulta-
neously by a single esophageal temperature probe (Tele-
Thermometer, YSI Incorporated, USA), recral temperature
probe (Tele-Thermometer, YSI Incorporated, USA) and
TA thermometer (Temporal Scanner, model LXTA,
Exergen Corporation, USA). One-half of the study patients
also had their temperature measured with an electronic rec-
tal thermometer (IVAC 2000, ALARIS Medical Systems,
USA). Temperatures were measured immediately after
thermometer placement, 30 s and 60 s later to establish reli-
ability and one to three more times at 15 min to 30 min
intervals, depending on the length and conditions of the
procedure. Temperature readings with the electronic rectal
thermometer were only taken at baseline and at the end of
the procedure. TA measurements were obtained on both
sides of the head ro establish reliabiliry.

Temperature measurements

PBefore the study, the study nurse was trained by the manufac-
turer in the use of the TA thermometer and by the collabo-
rating staff anesthetist in measuring temperatures via the
temperature probes. All esophageal measurements were taken
using a single esophageal probe, which was inserted by the
staff anesthetist behind the heart using the auscultatory
method. The rectal readings were obrained by inserting the
instrument 6 cm into the rectum. The TA temperature read-
ings were obtained by moving the probe slowly from the cen-
tre of the forehead into the hairline over the temporal region,
while the probe was in continuous contact with the skin.

Qutcome measures

The comparison of the agreement in remperatures taken by
the esophageal probe versus rectal probe, rectal thermome-
ter and TA thermometer at the end of the operative proce-
dure was the primary outcome measure. Because it takes
several minutes for the esophageal and rectal probes to sta-
hilize, and because all study children had all three rempera-
tures taken ar the end of the procedure, the final
measurement was chosen as the primary outcome measure.
Comparisons were also made during the operative proce-
dure starting 10 min to 15 min after insertion of the probes
to allow for stabilization of the instruments, and these
measurements were considered secondary outcomes.

Analysis
The calculated sample size was based on the 95% CI for the

estimared intraclass correlation coefficient (1CC) between
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TABLE 1

Temperature differences between esophageal and other
measurement methods during operative procedure with
observed and predicted 95% Cls

Esophageal Esophageal Esophageal
minus rectal minus rectal  minus temporal
Time* probe (°C)  thermometert (°C)  artery |°C)
10-30 min (v=52) (mean + S0)  0.1440.30 =0.11£0.21
Observed 95% CI =046 to 0.74 =053 10 0.3
Predicted 95% CI 0.05te0.22 =017 to =005
3160 min (n=10) (mean £ SO}  0.0820.17 —0.26£0,20
Observed 95% CI -0.26to0 042 -066to 0.14
Pradicted 55% CI =0.03 to 018 =0.39 to =013
Final* (n=80) {mean + S0}  -0.00+0.18 =0.056+0.10 0.14+0.20

Observed 95% Cl
Predicted 95% CI

-0.36te036 -025t0015 -054t0026
-004tc004 -00Bte-—002 —018t0-010

*Postintubation; Tn=40 for rectal thermometer measurements, *Refers lo
measurement af the end of the procedure, fime depends an length of proce-
dure (65221 min, range 25 min to 120 min)

the esophageal and TA temperature readings of 0.8 and
a=0.03 (13). A standard nomogram yields a minimum sam-
ple size of 75 children. The [CC was used to examine the
reliability of the TA thermometer and to determine the
agreement berween rtemperature readings taken by the
esophageal probe and those taken using other thermome-
ters. An [CC of 0.8 or greater was defined as representing
excellent agreement, while an 1CC of 0.6 or greater repre-
sented good agreement (14). A linear regression analysis
was used to determine the slope and the intercept of the
relationship berween the esophageal probe versus the TA
thermometer, rectal probe and rectal thermometer temper-
ature measurements. Regression lines were thus generated
by these regression models. In addition, Student’s ¢ rest was
performed to compare the slopes of each of the regression
lines with a value of 1 {using a critical P of 0.017 to adjust
for mulriple resting) to examine if the rectal and TA read-
ings were significantly different from the esophageal rem-
perature readings. The regression slopes were also compared
with each other using the Student’s t test to examine if the
esophageal versus rectal and esophageal versus TA correla-
tions were significantly different from each other. The
mean esophageal-rectal and esophageal-TA differences
with ohserved 95% Cls were examined to determine the
temperature ranges within which 95% of the measured dif-
ferences lay, and the predicted 95% Cls around the mean
differences were also calculared to assess the likelihood of
the true estimate of the temperature differences falling
within the observed range.

RESULTS
Between November 2001 and June 2002, 80 children were
enrolled. Their mean age (+5D) was 45£33 months and the
majority was undergoing elective denral procedures, Two chil-
dren were febrile and they were operated on afrer an assess-
ment in the ED for acute appendicitis. Temperature
measurements taken at the end of the procedure were
36.6+0.4°C with the esophageal probe, 36.6£0.4°C with the
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Figure 1) Bland-Altman plot of the esophageal-rectal temperature dif-
ference wversus the esophageal reference standard. Because the
esophageal-rectal temperature differences were the same i many
pagients, numerous poings on this praph represent move than one patient

TABLE 2

Intra-class correlation coefficients for agreement between
esophageal temperatures versus rectal and temporal
artery temperatures during operative procedures

Esophageal Esophageal Esophageal
VErsus VErsus Versus
Time" rectal probe  rectal thermometer! temporal artery
10-30 min (n=52) 0.7 0.83
95% CI 0.63to 0.88 0.72 to 0.90
31-60 min {n=10) 0.93 0.88
95% CI 0.7910 0.98 0.60 to 0.97
61-120 min (n=39) 0.81 0.82
85% Gl 0.83to 0.895 0.62 to 0.91
Final? (n=80) 0.91 0.85 0.88
95% CI 0.86 to 0.94 0.91 to 0.97 0.82 to 0.92

*Postintubation; Tn=40 for rectal thermometer measurements; fRefars to
measuremeant al the end of the procedure, iime depends on length of proce-
dure (G527 min, range 25 min to 120 min)

rectal probe, 36.7£0.3°C with the rectal thermomerer, and
36.7+0.4°C with the TA thermometer.

Agreement between right and left TA temperatures

The ICC for the right versus left TA temperatures was 0.90 at
time O, 0.92 at 30 s and 0.91 at 60 s. A paired sample
Student’s ¢ rest found no significant difference berween right-
and left-sided TA temperatures {P=0.05).

Agreement between esophageal and rectal or

TA temperatures

Differences between esophageal temperature readings and
those taken wirh rhe orher study thermomerters during the
procedure are summarized in Table 1. The 95% Cls of the
differences were comparable throughout the observation
period. The Bland-Altman plots of the esophageal-rectal and
esophageal-TA differences versus the esophageal reference
standard raken during the final measurement show thar
95% of the differences lie within 0.72°C and 0.80°C,
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Figure 2) Bland-Altman plot of the esophageal-temporal artery (TA)
temperature difference vevsus the esophageal reference standard.
Because the esophageal-TA corvelations were the same in many
patients, numerots points on this graph represent movre than one patient
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Figure 3) Scatter plov of the receal versus esophageal temperatures.
Because the esophageal-temporal artery difference was the same in
many patients, numerous points on this graph represent more than one
patient

respectively (Figures 1 and 2). Table 2 shows [CCs reflecting
excellent agreement between esophageal temperatures and
temperatures taken by the other thermometers. A linear
regression analysis of the relation between esophageal ver-
sus rectal probe remperarures yielded a slope of 0.93 and an
r of 0.91 (Figure 3). The slopes and the r-values for the
esophageal versus rectal thermometer temperatures were
0.94 and 0.95, respectively, and for the esophageal versus
TA temperatures the slope was 0.89 and r was 0.88 (Figure 4).

Neither slope was significantly different from 1
(esophageal versus TA, P=0.03; esophageal versus rectal,
P=0.46; and esophageal versus rectal probe, P=0.24 [signifi-
cance level of 0.017]). This indicates that neither the rectal
nor the TA temperatures were significantly different from the
esophageal readings and that the TA thermometer predicted
the core body temperature determined by the esophageal
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Figure 4) Scatter plot of the temporal artery (TA) versus esophageal
temperatires, Because the esophageal-TA correlations were the same in
many patients, numerous points on this graph represent more than one

patient

temperatures as well as the rectal inscruments. The slopes did
not significantly differ from one another (P=0.70), meaning
that the rectal temperatures were not significantly closer to
the esophageal remperatures than to the TA temperatures.

DISCUSSION
The present study suggests that the measured TA rempera-
tures in afebrile children were not significantly different
from the esophageal reference standard. In this setting, rec-
tal and TA temperature comparisons with the esophageal
standard were similar.

To our knowledge, these are the first published data on
validation of the TA method of thermometry against an
esophageal reference standard. A recent ICU study of
patients recovering from cardiopulmonary bypass found
poor agreement between the TA device (SensorTouch,
Philips Inc, Metherlands) and core temperature measure-
ments in adults and only a modest agreement in children
(15). However, this study (15) was limited by a small sam-
ple size, the use of bladder temperatures, which do not rep-
resent true core measurements, and an analysis of repeated
measurements on the same subjects as independent darta.
During early recovery from cardiopulmonary bypass, the
temperatures in the bladder and TA may be different and
may therefore augment disagreement berween the measure-
ments.

The high degree of agreement berween the rectal and
esophageal temperatures in the present study’s population,
parallels the results of several previous studies {3-6). These
studies were done in the 1CU setting and have shown that
core temperatures taken in the pulmonary artery agreed
well with those taken recrally, in both afebrile and febrile
patients, thereby establishing rectal thermometry as a rea-
sonable clinical reference standard. The bias for each ther-
mometer is reflected in the calculated difference in the
mean core reference temperature and the mean tempera-
ture of the other instruments. Ideally, the mean bias for
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each method pair should be zero. In the present study, the
rectal and TA thermometers differed from core esophageal
temperarures by a small, clinically insignificant amount.
The wvariability of remperature measurements around this
bias is reflected by the SD, which ultimarely determines the
usefulness of a new thermometry method. Our results show
that the observed SDs of the mean differences were compa-
rable throughout the procedure. The calculated predicred
93% Cls around the mean differences describe how confi-
dently we can predict the esophageal core temperature in
an individual patient using the rectal and TA methods. The
narrower the 95% Cls are around the new method’s predic-
tion, the more useful the new method is as an alternative to
a reference standard (4). The axillary and tympanic meth-
ods, both of which miss large numbers of fevers in children
(8,9,16-21), have been found to be significantly worse
approximartions of core temperatures than the recral
method (4,22,23). The calculared predicted 95% Cls in our
study were narrow, indicaring a high degree of likelihood
that the true estimate of the differences berween the ther-
mometers would fall within this range.

Several authors have previously suggested that rthe rec-
tumn may be a physiologically suboptimal site for measuring
core temperature because of its relatively high insulation
(24). Indeed, the rectum has been shown to respond slowly
to rapid changes in core body temperature in adults and
children (25-29). Because our subjects were at low risk of
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