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Abstract

Purpose Perioperative hypothermia is still a common
occurrence, and it can be difficult to measure a patient’s
core temperature accurately, especially during regional
anesthesia, with placement of a laryngeal mask airway
device, or postoperatively. We evaluated a new disposable
double-sensor thermometer and compared the resulting
temperatures  with of a distal esophageal
thermometer and a bladder thermometer in patients
undergoing general and regional anesthesia, respectively.
Furthermore, we compared the accuracy of the
thermometer between regional and general anesthesia,
since forehead microcirculation might differ between the
two types of anesthesia.

Methods We assessed core temperature in 36 general
anesthesia patients and 20 patients having regional
anesthesia for orthopedic surgery. The temperatures
obtained using the double-sensor thermometer were
compared with those obtained with the distal esophageal
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thermometer in the general anesthesia population and
those obtained with the bladder thermometer in regional
anesthesia patients.

Results In our general anesthesia patients, 90% (95%
confidence interval [CI] 85 to 95) of all double-sensor
values were within 0.5°C of esophageal temperatures. The
average difference (bias) between the esophageal and
double-sensor temperatures was —O0.01°C. In patients
undergoing regional anesthesia 89% (95% CI 80 to 97)
of all double-sensor values were within 0.5°C of bladder
temperatures. The average difference (bias) between the
bladder and double-sensor temperatures was —0.13°C,
limits of agreement were —0.65 to 0.40°C.

Conclusions In a perioperative patient population
undergoing general or regional anesthesia, the accuracy
of the noninvasive disposable double-sensor thermometer
is comparable with that of the distal esophageal and
bladder practice.
Furthermore, the sensor performed comparably in
patients undergoing regional and general anesthesia.

thermometers in routine clinical

Résumé

Objectif L’hypothermie périopératoire est encore de
survenue fréquente et il peut étre difficile de mesurer
exactement la température centrale d’un patient, en
particulier au cours d’une anesthésie locorégionale, avec
mise en place d’un dispositif pour les voies aériennes de
type masque laryngé ou en postopératoire. Nous avons
évalué un thermometre jetable a double capteur et nous
avons comparé les températures mesurées avec celles d’un
thermometre cesophagien distal et d’un thermométre
vésical chez des patients subissant, respectivement, une
anesthésie générale et une anesthésie locorégionale. De
plus, nous avons comparé [’exactitude du thermométre
entre les anesthésies locorégionales et les anesthésies
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régionales dans la mesure ou la microcirculation peut étre
différente au niveau du front entre les deux types
d’anesthésie.

Méthodes Nous avons évalué la température centrale
chez 36 patients subissant une anesthésie générale et chez
20 patients subissant une anesthésie locorégionale pour
des chirurgies orthopédiques. Les températures obtenues
au moyen du thermomeétre a double capteur ont été
comparées a celles qui ont été obtenues avec le
thermometre cesophagien distal dans la population
d’anesthésie générale et avec ceux obtenus avec le
thermometre vésical chez les patients subissant une
anesthésie locorégionale.

Résultats Parmi nos patients ayant subi une anesthésie
générale, 90 % (intervalle de confiance [IC] a 95 %: 85 a
95) de toutes les mesures des doubles capteurs se situaient
dans une limite de 0,5 °C par rapport aux températures
asophagiennes. La différence moyenne (biais) entre la
température cesophagienne et la température des doubles
capteurs était —0,01 °C. Chez les patients subissant une
anesthésie locorégionale, 89 % (IC a 95 %: 80 a 97) de
toutes les valeurs des doubles capteurs se situaient dans
une limite de 0,5 °C des températures vésicales. La
différence moyenne (biais) entre la température vésicale
et la température des doubles capteurs était de —0,13 °C;
les limites de concordance étaient —0,65 °C a 0,40 °C.

Conclusions Dans une  population de  patients
périopératoires subissant une anesthésie générale ou une
anesthésie locorégionale, [’exactitude du thermométre
jetable non invasif a doubles capteurs est comparable a
celle du thermometre eesophagien distal et du thermométre
vésical dans la pratique clinique réguliére. De plus, le
capteur s’est comporté de la méme maniére chez les
patients sous anesthésie générale et les patients sous

anesthésie locorégionale.

Perioperative hypothermia is associated with adverse
outcomes, including increased risk for surgical wound
infections, cardiac morbidity, coagulopathy, impaired drug
metabolism, shivering, and increased use of hospital
resources.'™ In light of the many complications caused
by hypothermia, the Surgical Care Improvement Project
generated guidelines which mandate that surgical patients
should have a core temperature of at least 36.0°C near the
end of surgery or should be actively warmed
intraoperatively. These new standards of thermal
management increase the importance of accurate
intraoperative core temperature measurements.

Current methods of measuring core temperature are
either invasive or inaccurate. Esophageal temperature

monitoring is used primarily in patients whose lungs are
intubated, but this invasive technique is difficult or
impossible in the rapidly increasing population of
patients with a laryngeal mask airway device or
undergoing regional anesthesia, as well as those under
sedation or in the postanesthesia care unit. In addition, the
noninvasive temperature monitoring devices, such as the
infrared thermometer’ and those measuring axillary®® or
skin temperature,'® are fairly unreliable. Thus, there is a
need for an accurate noninvasive core temperature
monitoring system that can be used in both general and
regional anesthesia.

The first-generation non-disposable Draeger temperature
monitoring device accurately measured core temperature in
patients undergoing abdominal surgery.'' The current
version of this device is a disposable sensor which is
secured to the patient’s forehead via adhesive tape. The
sensor contains two temperature probes that are separated
by a known thermal resistance (double-sensor). While
based on the same technology, there are substantial
differences between the initial prototype'' and the current
double-sensor version. Originally, the prototype was tested
in patients undergoing general anesthesia; however, the
real advantage of the noninvasive sensor is in patients
undergoing regional anesthesia or in patients in whom an
esophageal probe cannot be placed. It is possible that the
technology might be less accurate in patients undergoing
regional anesthesia. Vasodilation during general anesthesia
effects vasomotion on the forehead, and thus, the forehead
temperature is slightly higher in patients undergoing
general anesthesia than in patients undergoing regional
anesthesia.'

Consequently, the larger temperature difference between
the forehead and the true core temperature during regional
anesthesia might affect the performance of the double-
sensor thermometer. We thus determined the accuracy of
the new disposable device and compared the results with
those obtained with the bladder thermometer in patients
undergoing regional anesthesia as well as with those
obtained with the esophageal thermometer in-patients
undergoing  general anesthesia. Furthermore, we
compared the accuracy of the sensor in patients having
general vs regional anesthesia.

Methods

After approval by the Ethics Committees of the Medical
University of Vienna, Austria (March 2008) and the Ethics
Committee of the Cleveland Clinic, Ohio, USA (August
2008) and written informed consent, we studied trauma
surgery patients having general anesthesia at the University
of Vienna and orthopedic surgery patients having regional
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anesthesia at the Cleveland Clinic from January 2009 to
June 2011. All general anesthesia patients had balanced
anesthesia with tracheal intubation and ventilated lungs.
After intubation, an esophageal temperature probe was
inserted into the lower third of the esophagus. Regional
anesthesia patients received spinal anesthesia, and a
bladder catheter containing a temperature probe was
placed after induction of anesthesia. All patients were 18-
80 yr of age.

Protocol

We used a standardized warming protocol for patients at
both institutions that consisted of forced-air warming (Bair
Hugger®, Arizant, MN, USA). For patients undergoing
general anesthesia, we used either an upper- or lower-body
forced-air blanket depending on the location of surgery.
For patients undergoing regional anesthesia, we used
upper-body forced-air warming. In either case, we
avoided warming the face or the proximity to the
temperature probe.

Measurements

We recorded demographic and morphologic patient
characteristics. Anesthetic management was at the
discretion of the attending anesthesiologist. An
experienced researcher trained in the use of the double-
sensor thermometer performed the placement and
measurements with the device. The disposable sensor was
secured to the patient’s forehead with adhesive tape after a
small amount of contact gel was applied between the
sensor and the skin. Subsequently, we allowed a minimum
of ten minutes for thermal equilibration before recording
the first measurements.

Calculation of core temperature

We estimated core temperature (T.y.) from the double-
sensor system using the following variables: Ty; (skin
temperature under the insulator), Ty, (temperature above
the insulator), the heat conduction coefficient (Kg) of the
insulator (calibrated at Draeger AG for each double
sensor), and an empirically estimated heat transfer
coefficient of human tissue (K;). As in our previous
study, we used the following formula for calculating core
temperature with the empiric human tissue heat transfer
coefficient:

K,
Teore = Th1 + K—(Thl —Tho)
g

We measured all temperatures (esophageal, bladder,
double-sensor) at five-minute intervals and stored the data
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in a data logger (Eltek 400 Series Squirrel Model 401/451,
Eltek Limited, Haslingfield, Cambridge, UK). We
subsequently calculated double-sensor core temperatures
derived from temperatures Ty,; and Ty, after the experiment
offline using R software (R Project for Statistical
Computing) and the formula above.

Statistical analysis

Our primary outcome was agreement between the
esophageal or bladder temperatures and the double-sensor
thermometer temperatures with a difference of < 0.5°C.
Two hundred measurement pairs determined an
approximate accuracy of + 0.24 standard errors as 95%
confidence intervals (CI) for the limits of agreement. We
aimed to obtain a minimum of 200 measurement pairs in
both groups — except that convenience sampling was
performed for an additional increase in the accuracy of the
limits of agreement.A’13 Furthermore, we calculated
sensitivity and specificity for detection of hypothermia
(core temperature < 36.0°C). As in other studies, we
defined 0.5°C a priori as an acceptable limit of
agreement.'*'® These limits reflect the normal magnitude
of human circadian temperature variation.'”'® We
performed a Bland-Altman analysis to evaluate
agreement between the temperature measurement
methods, assuming that the true value changes from
measurement to measurement.'”> In a Bland-Altman
analysis, the bias and 95% limits of agreement are
determined. The bias, which is estimated by the average
difference, summarizes the lack of agreement between the
two methods, whereas the 95% limits of agreement
represent where 95% of future differences between the
two methods would be expected.

We calculated bias (esophageal temperature minus
double-sensor temperature or bladder temperature minus
double-sensor temperature) for each outcome and for each
time point, and we also calculated the mean bias across all
pairs of measurements. We created a Bland-Altman plot of
bias vs the average of each pair of measurements for visual
representation of the agreement with the standard or
reference core temperature measurements over the range
of temperatures. For each patient group, we fit a mixed-
effects regression model; differences between
measurement pairs were modelled with a constant bias,
the subject by methods interaction term, and a random
error within the subject for the pair of observations. We
also used the Bland-Altman limits of agreement for
repeated measurements to estimate where approximately
95% of future differences from the standard core

A Bland JM. Available from URL: http:/www.martinbland.co.uk/
(accessed September 2013).
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temperatures for each method were to be expected.
Confidence intervals for proportions were calculated
using a bootstrap sampling method. To account for
repeated measurements,'” we used a proprietary R
function (agreement.rma.R) for comparison analysis of all
methods.

Lin’s concordance correlation coefficient was used to
obtain a single-number agreement summary between the
double-sensor vs the esophageal or bladder temperature.?’
We considered P values < 0.05 statistically significant;
results are presented as mean (SD) or mean (95% CI), and
R 2.4.1 (R Project for Statistical Computing) was used for
all analyses.

Results

We studied 36 patients having trauma surgery with
general anesthesia at the University of Vienna and 20
patients having orthopedic surgery with regional
anesthesia at the Cleveland Clinic. All patient
demographic, morphometric, and thermal management
data were recorded (Table 1). About 110 hours of data
were obtained from 1,305 measurement pairs (n = 36
general anesthesia patients; n = 20 regional anesthesia
patients).

Table 1 Demographics and morphometric characteristics,
temperature management
Patients Patients
(n = 36) (n = 20)
General Regional
anesthesia anesthesia
Age (yr), Median [interquartile 64 [19-80] 65 [47-79]
range]
Height (cm) 169 (11) 170 (7)
Weight (kg) 75 (16) 88 (13)
Sex (female/male) 22/ 14 13/7
Ambient temperature (°C) 19.2 (1.2) 19.5 (1.0)
Hypothermia* (T o < 36°C) 24 4
Use of forced air warming** 36 (100 %) 20 (100%)
Duration of surgery (hr)
Median (Q1/Q3) 2.0 (1.1/3.0) 1.2 (0.7/1.5)
Type of Surgery
Trauma/Orthopedic Trauma Orthopedic
36 (100%) 20 (100%)

* Number of patients diagnosed at least once with hypothermia
** Forced-air heating used at least once during measurement period

Data presented as means (SD) or number of patients (%). Toe = core
temperature

General anesthesia patients

One thousand forty-seven measurement pairs were
obtained. The range of esophageal temperatures was
comparable with the range of double-sensor temperatures
(34.4-37.8°C vs 34.5-38.0°C, respectively). The bias of
measurements did not change systematically with the mean
core temperature (r = —0.02). The estimated bias between
temperatures using the esophageal thermometer vs
temperatures using the double-sensor thermometer was
—0.01°C with 95% limits of agreement of —0.61 to 0.59°C
(Fig. 1), and 90% (95% CI 85 to 95) of all double-sensor
values were within 0.5°C of the esophageal values.
Sensitivity for detection of hypothermia was 0.70 (95%
CI 0.48 to 1.00) and specificity was 0.78 (95% CI 0.68 to
0.95). Lin’s concordance correlation for the two methods
of temperature measurement showed a coefficient of 0.89.

Regional anesthesia patients

Overall, we obtained 258 measurement pairs over
~24.5 hr (n = 20 patients). The range of temperatures
using the bladder thermometer was comparable with the
range of double-sensor temperatures (34.7-36.9°C vs 34.9-
36.9°C, respectively). As in the general anesthesia patients,
the bias of measurements did not change systematically
with the mean core temperature (r = —0.14). The
estimated bias between temperatures using the bladder
thermometer vs temperatures with the double-sensor
thermometer was —0.13°C with 95% limits of agreement
of —0.65 to 0.40°C (Fig. 2). Eighty-nine percent (95% CI
80 to 97) of all double-sensor values were within 0.5°C of
bladder values. Sensitivity was 0.83 (95% CI 0.68 to 1.00),
specificity was 0.69 (95% CI 0.34 to 1.00), and Lin’s
concordance correlation coefficient was 0.76. There was no
significant difference between general anesthesia and
regional anesthesia regarding the proportion of
measurement error within £ 0.5°C.

Discussion

Maintenance of perioperative normothermia improves
patient  outcome.'”  Considering  the  negative
consequences of perioperative hypothermia, temperature
monitoring and thermal management, i.e., active warming,
are currently standard of care in many countries.
Furthermore, the National Institute for Health and
Clinical Excellence’s (NICE) guidelines recommend
perioperative thermal management as well as accurate
perioperative core temperature measurement.”’ In the
United States, the Surgical Care Improvement Project
requires core temperatures to be > 36.0°C at the end of
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Fig. 1 Bland-Altman plot comparing the distal esophageal and double-sensor temperature measurements (n = 1,047) on the forehead in 36
patients undergoing surgery under general anesthesia. Bias: —0.01°C; 95% limits of agreement: —0.61 to 0.59°C
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Fig. 2 Bland-Altman plot comparing the bladder and double-sensor temperature measurements (n = 258) on the forehead in 20 patients
undergoing regional anesthesia. Bias: —0.13°C; 95% limits of agreement: —0.65 to 0.40°C

surgery or at arrival in the postanesthesia care unit.* The
demands on thermal management make measurement and
monitoring of intraoperative core temperature essential for
patients undergoing general and regional anesthesia.
Although accurate core temperature values are easy to
obtain when using invasive methods, such as esophageal
temperature monitoring, access to these areas is not

@ Springer

possible in the rapidly growing population of sedated
patients, patients ventilated with a laryngeal mask airway
device, or patients undergoing neuraxial anesthesia.”” Even
so, patients undergoing neuraxial anesthesia are just as
likely or even more likely to become hypothermic®*~° than
patients undergoing general anesthesia, and they most
likely suffer similar hypothermia-related complications.
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Thus, a noninvasive device that can accurately represent
core temperature will help the clinician determine a course
of thermal management.

Our results show that the most recent generation of the
Draeger double-sensor thermometer secured on the
patient’s forehead obtains temperatures that are
comparable with esophageal and bladder temperatures
obtained in patients undergoing general and regional
anesthesia, respectively. Ninety percent of the double-
sensor values were within 0.5°C of the reference
esophageal temperatures, and approximately 89% of the
double-sensor values were within 0.5°C of the bladder
temperatures. Although the sensor did not completely
fulfill our pre-specified limits of agreement, in our view, it
agrees sufficiently enough for clinical practice.
Furthermore, several studies have shown that even more
invasive core thermometry methods (e.g., rectal or bladder
thermometry) perform outside of the < 0.5°C limits of
agreement range.”’®?’ Our results are consistent with our
previous research using a non-disposable sensor in
intensive care patients as well as patients undergoing
abdominal surgery.'' Despite the fact that forehead
temperatures are usually slightly lower in the regional
anesthesia patients, the performance of the double-sensor
in these patients was comparable with its performance in
patients undergoing general anesthesia. We consider it
important to show the accuracy of the new double-sensor
thermometer in patients undergoing regional anesthesia, as
accurate measurement of core temperature is currently not
possible in this patient population. Many hospitals use skin
temperature, or infrared tympanic or temporal artery
thermometers in this patient population, all of which do
not accurately reflect core temperature.”® The only other
noninvasive method of temperature measurement that
could be used in patients undergoing regional anesthesia
is oral temperature. It is fairly accurate but provides only
intermittent measurements and is difficult to perform
correctly as continuous measurement in sedated or
sleeping patients.”® We thus propose that the new
disposable double-sensor thermometer provides
continuous core temperature measurements that are
sufficiently accurate to reflect core temperature in
patients undergoing either general or regional anesthesia.

Manufacturer guidelines specify that the thermometer
needs a minimum of ten minutes to equilibrate; therefore, the
double-sensor thermometer is not accurate for short-term core
temperature screening. Furthermore, the double-sensor
thermometer may not be appropriate or practical for usage
during cranial or facial surgery as the sensor may interfere
with the surgical procedure. The manufacturer has stated, that
the sensor can be used simultaneously with BIS monitoring.
This sentence was applicable only to previous versions of the
sensor not tested in this study.

A limitation of our study is that we studied only the
perioperative period, and thus, we did not have a wide range
of temperatures; temperatures ranged from 34.5-37°C. We
did not include intensive care unit patients, feverish patients,
or patients with moderate to severe hypothermia into the
present study. Nevertheless, the previous version of the
disposable double-sensor thermometer has been evaluated in
these patient populations and showed sufficient accuracy
over a wide range of core temperatures. Furthermore, the
sensor may have to be modified for pediatric patients, as the
forehead of these patients is smaller in size. Hence, pediatric
patients were not included in the study, and the results may
not be applicable to these patient populations. Another
limitation of our study is that we used esophageal
temperature as the reference temperature in our general
anesthesia group and bladder temperature as the reference
temperature in the regional anesthesia group. Since bladder
and esophageal temperature are highly correlated, we
consider it acceptable to compare the two groups.?’

In conclusion, the latest generation of the Draeger double-
sensor thermometer was sufficiently accurate and comparable
in patients undergoing general and regional anesthesia. We
thus suggest that this sensor can replace the esophageal or
other invasive temperature probes in patient populations
where placement of invasive probes is not possible.
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