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The accuracy of a new infrared ear thermometer
in patients undergoing cardiac surgery

[La précision d’un nowveawn thermometre auriculaive infravouge chez des patients

de cardiochirurygie |

Matthias Bock MD DEAA,*t1 Uta Hohlfeld,§ Kristine von Engeln MD,f Peter A. Meier MD,§

Johann Motsch MD,* Abel J. Tasman MD}

Purpose: To evaluate the equivalency of the prototype of a new
infrared ear thermometer (IRT 4000) in comparison to the tem-
perature measurements of a pulmonary artery catheter (PAC)
and a continual contact probe on the tympanic membrane.

Methods: After approval by the local Ethics Committee, 26
(six female and 20 male) patients undergoing elective cardiac
surgery were included in a single center open trial. During
surgery, temperature measurements were recorded with the
IRT 4000 in the left ear, and with a tympanic contact probe in
the right ear, as well as with a PAC as reference. Measurements
with the infrared ear thermometers and continual PAC values
were recorded every six minutes.

Results: The average temperature measured with the IRT 4000
was 0.08°C above the temperature of the PAC (95% confi-
dence interval from -0.44-0.61°C).

Conclusion: Infrared ear thermometers 4000 temperature
readings accurately reflect body core temperature and corre-
late well with the invasive PAC. Infrared ear thermometers may
present a clinically useful alternative to the pulmonary artery
thermometry for the measurement of core temperature in the
perioperative setting or in the intensive care unit.

Objectif : Evaluer I'équivalence entre le prototype d’'un nouveau
thermométre auriculaire infrarouge (IRT 4000), les mesures de
température d’un cathéter de l'artére pulmonaire (CAP) et une
sonde en contact permanent avec la membrane tympanique.

Meéthode : Avec I'accord du Comité d’éthique, nous avons recruté
26 patients (6 femmes et 20 hommes), devant subir une interven-
tion cardiaque réglée, pour une étude ouverte monocentrique.
Pendant I'opération, la température a été mesurée avec le IRT
4000 dans ['oreille gauche et avec la sonde en contact avec le

tympan dans l'oreille droite de méme qu’avec le CAP comme point
de référence. Les mesures faites avec les thermometres infrarouges
et les valeurs continues du CAP ont été enregistrées toutes les six
minutes.

Résultats : La température moyenne mesurée avec le IRT 4000
a été de 0,08 °C au-dessus de la température notée avec le CAP
(intervalle de confiance de 95 % de -0,44-0,61 °C).
Conclusion : Les mesures des thermometres infrarouges 4000
correspondent précisément a la température centrale du corps
et sont en corrélation avec le CAP Les thermométres auriculaires
infrarouges peuvent remplacer la thermométrie de I'artére pul-
monaire pour mesurer la température centrale dans le contexte
périopératoire ou a l'unité des soins intensifs.

ERIOPERATIVE hypothermia is associated
with numerous complications such as surgi-
cal wound infections,! increased bleeding and
transfusion requirements,? morbid cardiac
events® and increased costs of the perioperative man-
agement.* Therefore, monitoring of body temperature
is regarded as essential during anesthesia.> Pulmonary
artery thermometry reflects the temperature of the
blood which supplies the vital organs and is often
regarded as the “gold standard” for the measurement
of core body temperature.® However, it is generally
accepted that none of the current thermometry meth-
ods is ideal, and the best anatomical measurement
site alternative to the pulmonary artery has yet to be
determined.
Temperature measured on the tympanic membrane
correlates well with the temperature of the hypothala-
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mus because both the middle ear and the hypothalamic
thermo integrating area are supplied by the common
carotid artery. Infrared ear thermometers (IRT) were
developed in the 1980’s as a new non-invasive alter-
native measuring method. An IRT is a battery-oper-
ated unit which is inserted into the cartilaginous part
of the auditory canal, without touching the osseous
component or the tympanic membrane. An infrared
sensor system detects the infrared emission of the ear
drum and the medial aspects of the auditory canal, and
displays readings within one second. Infrared ther-
mometry might be of great interest in the intensive
care unit or postoperative setting because it is rapid
and not unpleasant for conscious patients. In addi-
tion, the risk of postoperative hypothermia is often
ignored after regional anesthesia’ despite the fact that
the duration of postoperative hypothermia is longer
after regional anesthesia when compared to general
anesthesia.® Core temperature is monitored accurately
in postoperative patients using electronic oral ther-
mometers’ but the question remains to be answered,
whether oxygen administration might influence oral
temperature readings.®!? Thus, accurate thermometry
with an IRT would be of interest for both routine
anesthesia practice and intensive care.

We therefore designed an open prospective study
to determine whether IRT is an accurate and feasible
method for thermometry in cardiac surgery patients.
The study evaluated the performance of a new IRT
prototype in comparison with pulmonary artery cathe-
ter thermometry and continuous tympanic membrane
contact thermometry.

Methods

This open single-centre trial was conducted at the
Heidelberg University Hospital. Eligible patients
were classified according to American Society of
Anesthesiologists physical status II and III, were
between 18 to 85 yr and scheduled for elective coro-
nary artery bypass graft surgery.

The study was approved by the local Ethics
Committee and all patients gave written informed
consent to their participation in the trial, no later
than the evening before the operation. Excluded were
patients with an acute or chronic infection of the
external auditory canal, the middle ear, the mastoid,
and those with a congenital or acquired anomaly of
the auditory canal as well as a defect of the tympanum,
and impacted cerumen. In addition, patients with
clinically significant microangiopathia, cerebral circu-
latory disease and migraine headaches were excluded.
Infections in the external auditory canal or cerumen
were excluded by preoperative otoscopy. Prior to

induction of general anesthesia a tympanic membrane
probe (Mon-a-therm® Tympanic, Tyco, Hennef-
Sieg, Germany) was placed gently on the tympanic
membrane in the right auditory canal, until the
patient felt a rubbing on the tympanic membrane.
Then we isolated the aural canal with cotton. A pul-
monary artery catheter (Swan Ganz catheter®, Baxter
Healthcare Co., Deerfield, IL, USA) was placed in all
patients. Throughout the duration of anesthesia the
infrared measurements of the tympanic temperature
were recorded using a portable prototype IRT 4000
(Braun GmbH, Kronberg im Taunus, Germany). All
single infrared measurements were recorded manually
after the unit had been inserted in the outer third of
the aural canal of the left ear. The temperature on the
digital display was entered manually in the sheet for
data registration.

The IRT 4000 uses a newly developed Exac-
Temp®- sensor (Braun GmbH) measuring system
with modified sensor technology, and a smaller mea-
suring head optimized for reproducible measurements
and reducing factors disturbing the measuring preci-
sion, such as cooling of the auditory canal due to the
thermometer itself.

Measurements were recorded at six-minute inter-
vals starting from the patients’ arrival in the operation
theatre. Each measurement period consisted of simul-
tancous recordings from the IRT 4000, the pulmonary
artery catheter, and tympanic probe readings. Not
more than five seconds after infrared thermometry,
the readings of the pulmonary artery catheter and the
tympanic probe were recorded. Ambient temperature
and humidity were also recorded at 12-min intervals
during the measuring period until the end of surgery.
Temperatures during cardiopulmonary bypass were
not included in the analysis because of absence or het-
crogencity of pulmonary blood flow. In three patients
measurements were terminated before the end of the
operation due to the need of anesthetic interventions.
All measurements and recordings were carried out by
the same trial investigator.

The pulmonary artery catheter and the tympanic
probe were labelled during the operation with the
identification number of the corresponding patient.
The tympanic probe was removed immediately after
the end of surgery and stored. The pulmonary artery
catheter was removed 12 hr postoperatively and
stored. These devices were validated postoperatively
in a 40°C warm water bath (Haake DC 5, Thermo
Haake GmbH, Karlsruhe, Germany) using a reference
thermometer (QuaT 100, Heracus GmbH, Hanau,
Germany). The IRT was defined as accurate through-
out the experiment. Weekly tests in a black body



Bock et al.: EVALUATION OF A NEW INFRARED EAR THERMOMETER

1085

heater (Thermo Scan BB 3200, ThermoScan Inc.,
San Diego, CA, USA) resulted in a mean value of the
calibration error within the margin of 40 + 0.06°C.
The IRT was operated without offset, i.c., the exact
temperature was recorded without a correction.

Statistical analysis

The data were analyzed according to the method
published by Bland and Altman!' using the com-
mercial software Medcalc (Medcalc, Dunkirchen,
Belgium). In brief, paired data sets of two individual
thermometry methods were compared with the mean
value of these data and not to a reference method, to
prevent exposure to a potential technical error. The
mean value of the difference in methods was defined
systemic error (bias). We calculated the 95% confi-
dence intervals (CI) to report the repeatability (preci-
sion). A bias > 0.4°C, and a 95% CI > = 1.0°C was
considered clinically significant.

Results

We enrolled 26 patients aged 48 to 81 yr (median
67.5 yr). The median duration of all operations was
153 min (range 97-263 min) with a median duration
of the extracorporal circulation of 69.5 min (range
33-123 min). A total of 729 measurements were
obtained. Twenty-two data sets were excluded because
strong artefacts caused by bipolar high frequency
coagulation interfered with the data registration of the
IRT 4000, leaving 707 data sets for statistical analy-
sis. These artefacts consisted of temperatures on the
display which were obviously higher than the range of
human thermoregulation. Per patient, a mean of 26.3
and a median of 23 measuring episodes (range 11-53)
were included in the analysis. The temperatures evalu-
ated in the calculations ranged from 33.6 to 37.6°C.
Ambient temperature ranged from 18.2 to 27.7°C
which is within the range specified for the IRT 4000
(10-40°C).

Relative to the pulmonary artery catheter, the
agreement between measurements of the infrared ther-
mometer IRT 4000 and those of the pulmonary artery
catheter was +0.08°C, with a precision between 0.61
(upper 95% CI) and -0.44 (lower 95% CI; Figure 1).
Relative to the tympanic contact probe, the agreement
between measurements of the infrared thermometer
IRT 4000 and those of the tympanic contact probe
was +0.22°C, with a precision between 1.13 (upper
95% CI) and -0.69 (lower 95% CI; Figure 2).

Discussion

The aim of this trial was to examine the accuracy of
infrared ear thermometry in comparison to pulmo-
nary artery thermometry. All recorded temperatures
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FIGURE 1 Bland Altman plot of the paired measurements
displayed against the average of the pair when the proto-
type of the infrared ear thermometer (IRT 4000) was com-
pared to the pulmonary artery (PA) catheter.

lay within the range approved by the manufacturer of
the IRT 4000 for the measurement of temperatures
(20—42.2°C). The results suggest potential suitability
of IRT as an alternative to traditional methods of ther-
mometry. Infrared tympanic thermometry is easy to
learn and to perform, and training has little effect on
the accuracy of the measurements'? which makes it a
viable option for use in daily clinical practice. Because
of its minimal invasiveness, infrared ear thermometry
has gained popularity, especially in the pediatric field.
However, one review stated that precision was insuf-
ficient if the temperature measured by IRT was com-
pared to rectal thermometry.!3 In adult perioperative
patients, however, core temperature changes more
rapidly so that the rectal temperature does not reflect
the values measured by a pulmonary artery catheter.
Due to its invasiveness, the pulmonary catheter is
not indicated in the majority of surgical patients, so
there is a clear need for a non-invasive thermometry
method.

Prior to use in clinical practice, any new thermom-
etry device should be validated in comparison to a
generally accepted method such as thermometry of
the pulmonary artery. In recent years, several stud-
ies on the accuracy of IRT have been published
with conflicting results.!*23 We therefore evaluated
the prototype in a population undergoing rapid
changes in core temperature, using a large number
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FIGURE 2 Bland Altman plot of the paired measurements
plotted against the average of the pair when the prototype
of the infrared ear thermometer IRT 4000 was compared to
the tympanic membrane probe.

of measurements by an expert observer. In no previ-
ous study has such a large number of measurements
been recorded with a single device. In several recent
investigations rectal thermometry has been used as
a gold standard.'*!® However, temperature changes
in the rectum are relatively slow and do not always
reflect the core temperature. This is especially true for
patients under general or regional anesthesia who may
develop rapid changes in core temperature. In other
studies, pulmonary artery thermometry was preferred
as the reference method.!*?® However, the statistical
evaluation recommended by Bland and Altman!! was
not used in all studies.!®!” This method considers
that the result of any comparison of two instruments
for clinical measurement can be due to technical
errors in the reference method as well as in the new
method to be tested. Therefore, the statistical analysis
for comparing two methods of measurement should
include this algorithm.2!** Infrared ear thermometers
tend to measure core temperatures exactly, or with
slight underestimation among adults, when compared
to blood temperature in the pulmonary artery. Our
study demonstrates that an IRT is technically able to
estimate core temperature with a low bias, as well as
high reproducibility.

The results of our investigation also confirm pre-
vious studies in which infrared thermometry was
compared with tympanic thermocouples during car-

diac surgery,?® or amongst patients recovering from
general and regional anesthesia.® However, precision
was unacceptable during cardiac surgery,?® which is
at variance from observations in earlier studies.?® It
is possible that the setting for cardiac surgery with
limited access to the aural canal might interfere with
the measurements when the thermometer’s infrared
collecting cylinder cannot be centred exactly towards
the tympanum. We report a similar finding, as the
reproducibility was greater when the IRT 4000 was
compared to the pulmonary artery catheter, than with
the tympanic thermocouple. It is important to note
however, that the site of the measurement was identi-
cal for IRT and tympanic thermocouples, although
the technology is completely different.

Limitations of curvent investigation

A previous study by Giuliano et a/2° distinguished
between febrile and afebrile patients. In afebrile patients
the bias of two thermistors were 0.09 (SD 0.7) and
-0.19 (SD 0.64), respectively whereas among febrile
patients a bias of -0.17 (SD 0.54) and -0.05 (SD 0.65)
was found. Due to our study design which evaluated
patients during surgery and not in the intensive care
unit, we have limited data on temperatures exceeding
37°C. An evaluation of the performance of the IRT
4000 in septic patients would be of interest for further
studies. As this was the first clinical evaluation of the
IRT 4000, we also excluded the presence of obstruc-
tion or cerumen in the aural canal by preoperative otos-
copy. This practice is clearly not applicable for routine
use in the clinical setting. Consequently, we cannot
provide data on the use of this prototype in the general
population. Infrared thermometry readings might also
be influenced by variations of cardiac output.?? We can-
not provide data on this potential confounding variable,
although we draw attention to the fact that the reading
of each of the devices should be done simultancously to
augment the accuracy of the readings. Finally, we can
exclude bias due to technical errors as all of our devices
were controlled by the manufacturer and, moreover,
we performed control data after the completion of the
measurement in all patients.

In conclusion, we demonstrated that the IRT pro-
totype IRT 4000 offers an accurate estimate of core
temperature in comparison to invasive pulmonary
artery catheter thermometry and contact measurement
on the tympanic membrane. A major advantage of the
IRT 4000 compared to the pulmonary artery catheter
is the non-invasive operation of the device. The IRT
4000 may therefore be used as an alternative to the
pulmonary artery thermometry for the measurement
of core temperature in the perioperative setting.
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