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Abstract
Perioperative hypothermia is still common and has relevant complication for the patient. An effective perioperative thermal 
management requires essentially an accurate method to measure core temperature. So far, only one study has investigated 
the new Temple Touch Pro™ (Medisim Ltd., Beit-Shemesh, Israel). during anesthesia Therefore, we assessed the agree-
ment between the Temple Touch Pro™ thermometer (TTP) and distal esophageal temperature (TEso) in a second study. 
After approval by the local ethics committee we studied 100 adult patients undergoing surgery with general anesthesia. 
Before induction of anesthesia the TTP sensor unit was attached to the skin above the temporal artery. After induction of 
anesthesia an esophageal temperature probe was placed in the distal esophagus. Recordings started 10 min after placement 
of the esophageal temperature probe to allow adequate warming of the probes. Pairs of temperature values were documented 
in five-minute intervals until emergence of anesthesia. Accuracy of the two methods was assessed by Bland-Altman com-
parisons of differences with multiple measurements. Core temperatures obtained with the TTP in adults showed a mean 
bias of -0.04 °C with 95% limits of agreement within − 0.99 °C to + 0.91 °C compared to an esophageal temperature probe. 
We consider the TTP as a reasonable tool for perioperative temperature monitoring. It is not accurate enough to be used 
as a reference method in scientific studies, but may be a useful tool especially for conscious patients undergoing neuraxial 
anesthesia or regional anesthesia with sedation.
 Trial registration This study was registered in the German Clinical Trials Register (DRKS-ID: 00024050), day of registra-
tion 12/01/2021.
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1  Introduction

Perioperative normothermia is an important quality metric in 
anesthesia [1]. Still, despite significant efforts, perioperative 
hypothermia is yet common [2, 3] and has relevant com-
plications like increased blood loss [4–6], higher amount 
of perioperative transfusions [2, 4, 7–9] and surgical site 
infections [9–12].

An adequate and effective perioperative thermal manage-
ment requires essentially an accurate method to measure 
core temperature before induction of anesthesia, during and 
after anesthesia. Therefore, perioperative core temperature 
monitoring is recommended by several guidelines [13–15]. 
The ideal temperature measurement method should provide 
reliable, reproducible values [16]. In addition, the device 
should be small, easy to use, comfortable, fast, continu-
ous, noninvasive, low energy consuming, affordable [17] 
and should be able to measure core temperature in awake 
patients. In contrast to many conventional sites of accurate 
core temperature monitoring (blood, esophagus, nasophar-
ynx or bladder) new temperature monitoring devices [18, 
19] are totally non-invasive, thus allowing continuous moni-
toring of core temperature from the time when the patient 
enters the operating room until the patient leaves PACU. 
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These devices also allow to monitor core temperature in 
awake patients under spinal anesthesia [20].

So far, only one study has investigated the new Temple 
Touch Pro™ (Medisim Ltd., Beit-Shemesh, Israel). during 
anesthesia [21]. The system uses an algorithm to estimate 
core temperature from the temperature measurements made 
from cutaneous and environmental sides of an insulator 
with known thermal properties [21]. Additional studies are 
required to evaluate if this new device is accurate enough 
for perioperative thermal management in adult patients 
undergoing surgery with general anesthesia. Therefore, we 
assessed the agreement between the Temple Touch Pro™ 
thermometer (TTP) and distal esophageal temperature (TEso) 
in adult patients.

2 � Methods

Institutional Review Board approval for this prospective 
multi-center observational study was granted by the local 
ethics committees (Ethics committee of the University Med-
ical Centre Göttingen, No. 19/11/20 and ethics committee of 
the Medical School of the Martin Luther University Halle 
Wittenberg, Germany, No 2021-055). Written informed 
consent was obtained from the patients before enrollment. 
The study was registered in the German Clinical Trials 
Register (DRKS-ID: 00024050) on 12th of January 2021 
before enrollment of the first patient. We followed STROBE 
guidelines for reporting of observational studies [22]. The 
inclusion criteria were age > 18 years and a planned dura-
tion of anesthesia of more than 60 min. Exclusion criteria 
were an esophageal disease that forbids the placement of 
an esophageal temperature probe, cardiothoracic opera-
tions and operations in which the surgical field would have 
been impeded by the esophageal probe and participation in 
another interventional study.

3 � Study protocol

In total 100 patients were studied in two centers (University 
Medical Center Göttingen, Klinikum Wolfsburg).

Before induction of anesthesia the TTP sensor unit was 
attached to the skin above the temporal artery and connected 
to the monitor connecting unit. The temperature data of the 
monitor connecting unit were then transferred to the patient 
monitoring system.

After induction of anesthesia an esophageal temperature 
probe (RÜSCH Temperature Sensor™, Teleflex Medical, 
Athlone, Ireland) was placed in the distal esophagus. Inser-
tion depth was calculated for each patient according to the 
formula of Mekjavic [23]. The temperature probe was then 
connected to the patient monitoring system.

Recordings started 10 min after placement of the esopha-
geal temperature probe to allow adequate warming of the 
probes. Pairs of temperature values were recorded in five-
minute intervals until emergence of anesthesia began. Then 
the esophageal temperature probe and the TTP sensor unit 
were removed. After removal of the TTP sensor the skin 
was inspected to detect possible adverse effects like burns 
or erythema.

The usual thermal management of the patients was not 
changed by the study. In general thermal management con-
sisted of active prewarming with forced-air before induction 
of anesthesia, warming during anesthesia with forced-air and 
infusion warming when larger amounts of fluids were used. 
In some patients conductive warming was used.

In addition to the temperature data the following param-
eters were documented: age, weight, height, sex, indication 
for surgery, operative procedure, ASA status, anesthesia 
method (TIVA, balanced anesthesia, use of an epidural cath-
eter), warming method and the occurrence of any reactions 
or lesions to the skin.

4 � Data analysis and statistical analysis

We compared the temperature data obtained by the TTP with 
data obtained with the esophageal temperature probe using 
the Bland-Altman comparison of differences with multiple 
measurements [24]. The sample size of 100 patients was 
considered to be sufficient to demonstrate a clinically mean-
ingful difference, as no formal rules for power calculations 
for this method exist. Further, we calculated the proportion 
of all differences that were within a predefined threshold 
of ± 0.5 °C of TEso [21] and Lin’s concordance correla-
tion coefficient to assess the agreement between pairs of 
observations.

Then we calculated sensitivity, specificity, positive and 
negative predictive values for the detection of hypothermia 
and hyperthermia for the TTP. Hypothermia was defined as 
TEso < 36 °C and hyperthermia was defined as TEso > 38 °C.

In addition, we performed an error grid analysis [19] to 
determine if measurement differences would lead to wrong 
clinical decisions. The Zones were defined as follows:

Zone A begins with an area of a ± 0.5 °C error on either 
side of a perfectly accurate measurement between TEso and 
the temperature measured by the TTP. Measurement errors 
smaller than ± 0.5 °C are considered by most authors as clin-
ically irrelevant. In addition, if both measurements indicate 
hypothermia < 36 °C or hyperthermia > 38 °C the absolute 
error is considered to be clinically irrelevant because the 
same treatment will be initiated. Zone B describes the zone 
where measurement errors are > 0.5 °C but this would not 
result in a clinical wrong decision. E.g. if TEso would be 
36.2 °C and the TTP would show a temperature of 37.3 °C 
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both temperatures readings would not lead to an intensifi-
cation of warming therapy or a reduction in temperature 
delivered by a forced-air warming device. In contrast Zone C 
indicates errors larger than 0.5 °C that would lead to wrong 
clinical decisions and may do harm to the patient. e.g. if TEso 
would be 34 °C and the TTP would show 37 °C the patient 
would not receive active warming although this would be 
indicated.

Data were analyzed using Excel (Microsoft® Excel® 
2016, Redmond, WA, USA) and MedCalc® Statistical 
Software version 19.6.4 (MedCalc Software Ltd, Ostend, 
Belgium; https://​www.​medca​lc.​org; 2021).

5 � Additional volunteer experiments

To get an insight into how to explain the results, we con-
ducted two volunteer experiments. In these experiments we 
located branches of the temporal artery with ultrasound and 
placed one TTP directly above the artery and a second one 
on the forehead far away from the artery. Then we com-
pared the measured temperatures with TEso during exposure 
of the forehead to the environment, during exposure to active 
warming under a forced-air warming blanket and during 
active cooling under the forced-air warming blanket.

6 � Results

6.1 � Biometrics and clinical data

We enrolled 109 subsequent adults undergoing surgery with 
general anesthesia between January and November 2021. 
Eight patients were excluded due to organizational changes 
and one patient refused to participate (see Fig. 1).

3421 data pairs could be analyzed. The participants’ 
characteristics are presented in Table  1. The measure-
ments of TEso ranged from 34.0 to 38.3 °C with a mean 
of 36.4 ± 0.6 °C. TTTP measurements ranged from 33.9 to 
37.8 °C with a mean of 36.4 ± 0.5 °C.

7 � Bland Altman analysis

Compared to TEso, TTTP measurements resulted in a mean 
bias of -0.04  °C with 95% limits of agreement within 
− 0.99  °C [95% CI: − 1.13 to − 0.87 C] to + 0.91  °C 
[95% CI 0.79 to 1.05 °C] (see Fig. 2). The TTP showed an 

Fig. 1   Flow diagram of enrollment

Table 1   Participant characteristics

Age ± SD 63 ± 16 years
Height ± SD 170 ± 11 cm
Weight ± SD 79 ± 21 kg
BMI ± SD 27 ± 7 kg/m²
Sex 44 Male/56 female
Type of surgery
Vascular surgery 33
Abdominal and urogenital surgery 30
Orthopedic surgery 17
Breast and plastic surgery 13
Head and Neck surgery 7
ASA status (I/II/III/IV) 11/45/41/3
Anesthesia method
Balanced anesthesia 54
TIVA 42
Balanced anesthesia with epidural anesthesia 4
Warming method
Upper body blanket 30
Combined upper body and underbody blanket 12
Underbody blanket 52
Conductive warming 4
Passive Insulation 2

https://www.medcalc.org
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overestimation of low temperatures and an underestima-
tion of higher temperatures.

7.1 � Proportion of differences within ± 0.5 °C 
and Lin’s concordance correlation coefficient

75% of measured temperature differences where within 
± 0.5 °C of TEso. Lin’s concordance correlation coefficient 
was 0.62 (95% CI 0.59 to 0.63).

7.1.1 � Sensitivity, specificity, positive and negative 
predictive values

The calculated sensitivity, specificity, positive and nega-
tive predictive values for the detection of hypothermia and 
hyperthermia are shown in Table 2.

7.1.2 � Error grid analysis

Error grid analysis showed that 77.5% of all TTP measure-
ments were clinically not different from TEso or would lead 
to the same treatment. In 22.5% measurement errors were 
> 0.5 °C, but the result would not lead to a clinical wrong 
decision. None of the measurements would lead to wrong 
clinical decisions (Fig. 3). The TTP sensor was well toler-
ated in all patients and no skin lesions was observed.

7.1.3 � Additional volunteer experiments

The results of the additional volunteer experiments are 
shown in Fig. 4.

8 � Discussion

The TTP Temperature Monitoring System showed a mean 
bias of -0.04 °C when compared against the temperature 
measurement in the distal esophagus in 100 adults under-
going surgery with general anesthesia. This is virtually no 
difference. However, the TTP Temperature Monitoring Sys-
tem tends to overestimate low core temperatures and tends 
to underestimate high core temperatures. This can be seen 
in the Bland-Altman Plot (Fig. 2) but also in the error grid 

Fig. 2   Bland-Altman plot with multiple temperature measurements 
(100 patients with 3421 measurement pairs) of the TTP sensor 
(TTTP) and an esophageal probe (TEso). Solid line indicates mean bias 
− 0.04 °C) and dashed lines 95% limits of agreement (LOA). Upper 
LOA: +0.91 °C, lower LOA: -0.99 °C

Table 2   Sensitivity, specificity, positive and negative predictive val-
ues for the detection of hypothermia and hyperthermia

TTTP temperature measured with the TTP, PPV  positive predictive 
value, NPV Negative predictive value

Sensitivity[%] Specificity[%] PPV[%] NPV[%]

Detection of hypothermia 
TTTP 31.4 88.9 41.2 83.9
Detection of hyperthermia 
TTTP 0 100 - 99.5

Fig. 3   Error grid analysis of the TTP measurements (TTTP) versus 
esophageal temperature (TEso). Zone A is defined as accurate core 
temperature measurement (< 0.5  °C) or a clinical irrelevant error. 
Zone B describes the zone where measurement errors are > 0.5  °C 
but this will not result in a clinical wrong decision whereas Zone C 
indicates errors that will lead to wrong clinical decisions
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analysis (Fig. 3). In contrast to the minimal bias the limits 
of agreement were − 0.99 °C [95% CI − to − 0.87 °C] to 
+ 0.91 °C [95% CI 0.79 to 1.05 °C]. As described above, we 
performed two volunteer experiments to get some insight 
why the limits of agreement were relatively large. With all 
caution, based on these two observations, it seems that the 
location of the TTP thermometer matters for the accuracy 
of the TTP but even more the exposure of the thermometer 
to warm or cool air (Fig. 5).

The limits of agreement are higher than the goal that was 
proposed in an overview article [25] and used in several 
studies about the accuracy of clinical thermometers [18, 
26–28]. In our opinion this objective is very high and most 
of the studies that have investigated new non-invasive ther-
mometers [18, 26–28] failed to meet this criterion. If we 
would have used this definition of accuracy, we would also 
have failed to meet this criterion. Still most of the studies 

came to the conclusion that these new non–invasive ther-
mometers were accurate enough for clinical practice [18, 
26–28] and therefore the NICE guideline recommends the 
use [13].

When we compare our results to the literature there is 
only one publication about the TTP to date [21]. In this study 
with 34 adults and 16 children the authors compared the 
new non-invasive thermometer with TEso in 25 patients and 
with nasopharyngeal temperature in 25 patients. The authors 
also found no bias and found limits of agreement of − 0.58 
to 0.53 °C when comparing the TTP to TEso. Theses limits 
of agreement are smaller than the limits of agreement that 
we have found in a much larger cohort of patients. As a 
consequence, the number of measurements within ± 0.5 °C 
of the reference method was higher than in our study (92% 
versus 75%).

To put these results into context it makes sense to com-
pare our results with the evaluation results of other non-
invasive thermometers based on heat flux technology like 
the Tcore™ and the SpotOn™ in adults that compared these 
methods against TEso. The Tcore™ is a thermometer based 
on heat flux technology that is applied to the forehead of 
the patient and not over the temporal artery. In contrast the 
SpotOn™ is a zero-heat flux thermometer that uses a servo-
controlled heater in addition to the heat flux transducer.

The Tcore™ showed in two studies with adult patients 
also a negligible bias of − 0.01 or 0.08 °C with limits of 
agreement in the range of − 0.66 °C to 0.59 °C when com-
pared to TEso [26, 29]. In another recent study in adults after 
cardiac arrest also a negligible bias of − 0.02 was found. 
However, the limits of agreement were much larger (− 1.02 
to 1.07 °C) [30].

The SpotOn™ was compared in 7 studies against TEso in 
adults. The bias was in the range of 0.005 to 0.2 °C and the 
limits of agreements were in the rage of − 0.55 to 0.73 °C 
[31–37] when temperature changes were not extremely fast 
like during application of hyperthermic intraperitoneal 
chemotherapy.

Therefore, the TTP did not achieve the accuracy of the 
active SpotOn™ thermometer in our study but was in the 
range of the results that were found for the passive heat flux 
thermometer.

Another possibility is to compare the results of the TTP 
to conventional temporal artery thermometers although 
these devices use a different technology and allow only spot 
checks of core temperature and not continuous measure-
ments. To date there are not so many studies available that 
have compared temporal artery thermometers with TEso. In 
a small study by Calonder et al. with only 46 measurement 
points in 22 patients the bias between a temporal artery ther-
mometer and an esophageal temperature probe was 0.07 °C 
with limits of agreement between − 0.319 and 0.467 °C [38]. 
In contrast Paik et al. found a bias in the range of − 0.42 to 

a

b

Fig. 4   Data of two volunteer experiments (a and b). TTP measure-
ments above the temporal artery (TTTP1) versus TTP measurements 
far away the temporal artery (TTTP2) versus esophageal temperature 
(TEso)
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− 0.67 °C and limits of agreement up to 1.24 to − 2.55 °C 
[39] in a study with 54 patients and much more measure-
ment points. Other well controlled studies in the intensive 
care unit that have compared temporal artery thermome-
ters versus pulmonary artery catheter found a small bias of 
− 0.02 °C and limits of agreement of roughly ± 0.9 °C [40] 
or even a bias of 1.3 °C and limits of agreement of ± 1.2 °C 
[41]. Therefore, it seems that the TTP is superior to conven-
tional temporal artery temperature measurement.

9 � Proportion of differences within the range 
of ± 0.5 °C of the reference method

Another possibility is to look at the accuracy of thermom-
eters is to look at the proportion of differences within the 
range of ± 0.5 °C of the reference method. In this study 75% 
of all measurement values of the Temple Touch Pro™ were 
within the range of ± 0.5 °C of TEso. That is a lower value 
than reported by Evron et al. [21] who found that 94% of 
all values were in the range of ± 0.5 °C of their reference 
methods. Still it seems to be acceptable.

10 � Diagnostic ability to detect hypothermia 
or hyperthermia

Sensitivity, specificity, positive predictive or negative pre-
dictive values for the detection of hypothermia or hyperther-
mia were low. This makes correct diagnosis of hypothermia 
or hyperthermia unreliable. It could be argued that the detec-
tion of hypothermia should trigger active warming methods 
and that the detection of hypothermia is not very reliable. 
On the other hand, prevention of perioperative hypothermia 
must start before induction of anesthesia [13] so therefore 
the precise determination of the hypothermia threshold is not 
of extreme importance for the management of the patient. 
However, the precise determination of the hypothermia 
threshold is important for quality control.

11 � Error grid analysis

Another interesting way of interpreting the results is the 
error grid analysis [19]. In this analysis 0% of the measured 
values would have led to a wrong clinical decision, which 
also seems to be acceptable.

11.1 � Limitations of the study

When evaluating new measurement methods, using the 
correct reference method is crucial. The best reference 
method in adults is blood temperature in the pulmonary or 

iliac artery [17, 19]. However, blood temperature is rarely 
measured during most surgical procedures. In addition, 
blood temperature is affected by cold infusions. TEso is 
also a so-called gold standard of core temperature meas-
urement [17]. If it is placed correctly it lies between the 
left atrium and the aorta descendens and is therefore far 
away from the potentially cooling airway [42]. Although 
correct placement was attempted by calculating the ade-
quate depth of insertion by the formula of Mekjavic [23] it 
is still possible that the soft esophageal temperature probe 
may have been bended in the esophagus and therefore did 
not have the correct position. It also may have been influ-
enced by upper abdominal surgery [43].

Another potential source of measurement error could be 
that the TTP was not placed correctly direct above the tem-
poral artery. The recommended placement aims to place 
the sensor above the arteria zygomaticoorbicularis or the 
ramus frontalis of the temporal artery that can be tortuous 
especially in elderly patients. Thus it is possible to miss 
the right location and thereby get wrong measurements. If 
this would be true, a modification of the TTP sensor unit 
could make sense. If the sensor would be larger and would 
have an array of multiple temperature probes instead of 
three temperature probes the probability of a placement 
direct above an arteria would be higher.

Another possible confounder could be perioperative 
insulation of the head or even the application of warm air 
to the head thus influencing the TTP.

We also cannot make statements about the accuracy in 
the presence of severe hypothermia, as we only included 
elective surgical patients and tried to maintain periopera-
tive normothermia in all patients. Therefore, studies with 
the TTP in patients with larger intraoperative temperature 
changes would be worthwhile.

12 � Conclusions

Non-invasive core temperatures obtained with the TTP in 
adults showed a mean bias of − 0.04 °C with 95% limits 
of agreement within − 0.99 °C to + 0.91 °C compared to 
an esophageal temperature probe. Nevertheless, because 
measurements with the TTP will not lead to wrong clini-
cal decisions, we consider the TTP as a reasonable tool 
for perioperative temperature monitoring. It is not accu-
rate enough to be used as a reference method in scientific 
studies, but may be a useful tool especially for conscious 
patients undergoing neuraxial anesthesia or regional anes-
thesia with sedation. Further improvements of the device 
are desirable and may lead to a higher accuracy.
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