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delayed postanaesthetic recovery [1–3, 7]. Therefore, core 
temperature monitoring is essential for detecting thermal 
disturbances during the perioperative period. As a result, 
the monitoring of body temperature is included as one of 
the items in the surgical safety checklist of the World Health 
Organization guidelines (WHO 2015) [8].

During the perioperative period, especially during the 
intraoperative hours, monitoring the core temperature is 
relatively difficult [9]. The appropriate sites for core tem-
perature monitoring include the pulmonary artery, distal 
oesophagus, nasopharynx, or tympanic membrane, of which 
the distal oesophagus is most often chosen during general 
endotracheal anaesthesia [10]. However, placing a probe in 
the distal oesophagus is an invasive method, thus preclud-
ing those patients with oesophageal disease or a coagula-
tion dysfunction. Moreover, this method cannot be used 

1  Introduction

Maintaining perioperative normothermia is critical for sur-
gical patients since both hypothermia and hyperthermia are 
closely related to several perioperative complications [1–6]. 
Inadvertent perioperative hypothermia occurs more often in 
clinical practice and is known to be associated with surgical 
site infection, coagulopathy, cardiovascular side events and 
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Abstract
Objective  To investigate whether the temperature recorded by an iThermonitor has better concordance with the core tem-
perature than the bladder temperature recorded by a Foley catheter sensor in laparoscopic rectal surgery.
Methods  Eighty-two adults undergoing laparoscopic rectal surgery were enrolled. Temperatures were continuously mea-
sured by a distal oesophageal probe (the reference core temperature), axillary iThermonitor and Foley catheter sensor (blad-
der temperature) in each patient during surgery. Pairs of axillary and core temperatures or pairs of bladder temperature 
and core temperatures were compared and summarized using linear regression and the repeated-measured Bland–Altman 
method during the whole surgical period and pneumoperitoneum period.
Results  There were 3303 pairs of temperature measurements during the whole surgical period. The mean difference between 
iThermonitor and oesophageal was 0.05 °C ; the limits of agreement were − 0.48 to 0.56 °C. The mean difference between 
the oesophagus and bladder was 0.28 °C; the limits of agreement were − 0.39 to 0.94 °C (P < 0.001, F-test vs. iThermoni-
tor). Ninety -five% of all iThermonitor values were within 0.5 °C of oesophageal temperature, whereas the proportion for 
oesophageal and bladder differences within 0.5 °C was only 84% (95% confidence interval 80–88%). Lin’s CCC for the 
iThermonitor and bladder measurements were 0.842 (95%CI: 0.831–0.851) and 0.688 (95%CI: 0.673–0.703) respectively. 
Similar results were found during the pneumoperitoneum period.
Conclusions  The temperature recorded by iThermonitor has better concordance with the core temperature than the bladder 
temperature recorded by Foley catheter sensor in laparoscopic rectal surgery.
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an innovative algorithm based on large samples of different 
types of data in anesthesia environment, such as room tem-
perature, human bladder, esophageal, axillary temperature 
experimental data from different parts of human body struc-
ture. The current study investigated whether the temperature 
recorded by an iThermonitor has better concordance with 
the core temperature than the bladder temperature recorded 
by a Foley catheter sensor in laparoscopic rectal surgery.

2  Methods

2.1  Study design and participants

The study was a prospective observational study. Eighty-
two adults undergoing laparoscopic rectal surgery were 
enrolled from September 2020 to May 2021 in a Chinese 
tertiary, referral teaching hospital. We excluded patients in 
whom oesophageal temperature monitoring was impracti-
cal. This study was approved by KY20202116-C-1 from 
Approval Form I E C of our hospital. Participating patients 
provided written consent.

2.2  Intraoperative management

The attending anaesthesiologist was free to autonomously 
choose the type of general anaesthesia (balanced, total intra-
venous, volatile). The respiratory, neuromuscular and pain 
management, as well as the fluid therapy, were performed 
according to the standard ERAS (Enhanced Recovery After 
Surgery) protocol. Intravenous infusions were given through 
an arm vein, and the fluids were warmed or not per anaes-
thesiologist preference. An arterial catheter was inserted 
into either wrist. All patients were supine with both arms 
adducted during surgery. The ambient temperature was kept 
between 22 and 25 °C.

2.3  Measurements

The patient characteristics such as age, height, weight, sex, 
and the American Society of Anaesthesiologists physical 
status were recorded, along with the details of the surgery, 
including the duration of procedure, whether there was 
pneumoperitoneum, and the fluid or transfusion volume. 
The pressure of pneumoperitoneum was set to be lower than 
15 mmHg.

The standard monitoring of vital signs during gen-
eral anaesthesia was integrated with the core temperature 
monitoring. The axillary temperature was recorded from an 
iThermonitor wireless module. A hypoallergenic adhesive 
patch provided by Raiing Medical was used to securely 
position the iThermonitor in the axilla before anaesthesia 

in awake patients or when there is a blocked supraglottic 
airway.

If the sites mentioned above are not feasible in some cir-
cumstances, there are various sites thought to estimate the 
core temperature, such as oral, axillary and bladder sites. 
The oral method is not suitable as an intraoperative mea-
surement but is good as a postoperative measurement. On 
the other hand, kidneys receive about 25% of the cardiac 
output; therefore, if the urine flow rate is within a normal 
range, the urinary bladder temperature would closely match 
the core temperature. To facilitate bladder temperature mea-
surement, special Foley catheters have been invented with 
temperature sensors. Once the catheter has been inserted, 
temperature data can be obtained. Many anaesthesiologists 
prefer bladder temperature measurement during periopera-
tive period, because the insertion of an indwelling urinary 
catheter is required in most major surgeries. However, the 
bladder temperature might have poor concordance with 
the core temperature during laparoscopic surgery due to 
decreased renal perfusion [10, 11]. Yet few studies have 
investigated the concordance between bladder temperature 
and core temperature during laparoscopic surgeries.

The new wireless axillary thermometer, iThermonitor 
WT701 (Raiing Medical, Beijing, CN), is an innovative 
continuous temperature monitoring device that uses a high-
precision thermistor probe attached to the axillary root (lat-
eral body surface of the axillary artery), a printed circuit 
board with Bluetooth chip, an embedded algorithm based 
on amount of experimental data accumulation historically 
to predict and correct core body temperature. Its accuracy 
has been recognized as “near core” due to its compensation 
algorithm in many clinical scenarios [12]. The compensation 
algorithm contains two parts, one is the basic noise-reduc-
tion algorithm (filtered and anti-interfered), and the other is 

Fig. 1  A photograph showing the iThermonitor sensor taped 
in the axilla
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90% was considered sufficiently accurate. The secondary 
outcome measures were the bias (iThermonitor or blad-
der temperature minus oesophageal temperature) and 95% 
CIs determined by the repeated-measures Bland–Altman 
analysis. To compare the accuracy of the iThermonitor bias 
with the bladder, an F-test was performed. The concordance 
correlation coefficient, which summarizes the agreement 
between 2 methods by measuring the variation of their lin-
ear relationship from the 45° line through the origin,[16] 
was estimated via variance components of a linear mixed 
model using restricted maximum likelihood approach [17, 
18]. Assuming that the bias of iThermonitor is 0.15 with 

induction (Fig. 1). After the induction of general anaesthe-
sia, an oesophageal probe (Model 21,075 A; Philips Medi-
cal Systems, Andover, MA) was inserted through a nostril 
under laryngoscopic vision with approximately 30–35 cm. 
A 14  F Foley catheter with a temperature sensor (Model 
12,511,407; Jinhu Industrial Estate Hualong, Pan Yu, 
Guangdong, China) was placed into the urinary bladder. 
The oesophageal thermometers were removed at the end of 
surgery. The Foley catheter and axillary thermometers were 
removed or retained per the clinical need of the patient. 
Temperatures were recorded at 5-minute intervals through-
out surgery.

2.4  Data analysis

We considered the oesophageal temperature to be the refer-
ence core temperature. We defined ± 0.5  °C to be a clini-
cally important temperature deviation. This value has been 
used in past studies and corresponds to the normal circa-
dian variation of ± 0.5 °C [13–15]. As the primary outcome 
measure, the proportion of temperatures within 0.5  °C of 
the reference was calculated for each patient and is sum-
marized as the mean of the proportion of the patients with 
the 95% confidence interval (CI), and this was estimated 
by bootstrapping, accounting for within-in patient correla-
tion. From a clinical point of view, a proportion greater than 

Table 1  Patient Characteristics and surgical information (N = 82)
Variables Summary
Female (%) 37 (45%)
Age (y) 60 ± 11
BMI (kg/m2) 23.7 ± 2.2
Ambient temperature (℃) 24.6 ± 1.1
Duration of surgery (min) 187.2 ± 67.7
Duration of Pneumoperitoneum (min) 121.2 ± 50.4
Peritoneal lavage (ml) 736.7 ± 448.1
Intraoperative Fluid therapy (ml) 2286.9 ± 632.1
Summary statistics presented as n (%) of patients, mean ± SD for fac-
tors, symmetric continuous variables, and skewed continuous vari-
ables
Abbreviations: BMI, body mass index

Fig. 2  (A) Scatter Plot for iTh, 
bladder VS esophageal tem-
perature during whole surgical 
period; (B) Scatter Plot for iTh, 
bladder VS esophageal tempera-
ture during pneumoperitoneum 
period (iTh for iThermonitor 
Axillary Thermometer)
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3  Results

We enrolled and analysed 82 qualified patients. All of them 
completed the study and were included in the final analysis. 

an SD of 0.3, the 95% CI for proportion of measurements 
within 0.5 °C would be from 0.81 to 0.85 and the 95% CI 
for concordance correlation coefficients would be from 0.78 
to 0.86 with 80 subjects and an average of 30 measurements 
each.

Table 2  Agreement between iTh, bladder and esophageal reference core temperature during whole surgical period or pneumoperitoneum period
During whole surgical period During pneumoperitoneum period

Measure iTh V.S. 
Esophageal

Bladder V.S. 
Esophageal

iTh V.S. 
Esophageal

Bladder V.S. 
Esophageal

Bias(mean ± SD)a 0.05℃±0.26℃ 0.28℃±0.34℃ 0.04℃±0.27℃ 0.32℃±0.38℃
Pearson Correlation Coefficient 0.849 0.820 0.789 0.759
95% limits of agreementb

Upper Limit 0.56℃ 0.94℃ 0.56℃ 1.05℃
Lower Limit -0.45℃ -0.39℃ -0.48℃ -0.42℃
Proportion of differencescwithin 0.5℃(95%CI) 95.21% 

(91.88%~98.55%)
83.90% 
(80.27%~87.52%)

93.62% 
(89.73%~97.51%)

83.92% 
(80.41%~87.42%)

CCC (95%CI)d 0.842 (0.831–0.851) 0.688 (0.673–0.703) 0.785 (0.768–0.801) 0.603 (0.581–0.624)
Abbreviations: CI, confidence interval; SD, standard deviation. iTh, iThermonitor Axillary Thermometer
aBias was calculated as the average difference between the iThermonitor axillary thermometer and the reference esophageal temperature across 
all measurements for each patient. The mean of bias and the SD for single differences on different patients were presented and used to calculate 
the Bland–Altman limits of agreement
bBland–Altman limits of agreement for repeated measures, adjusting for within-patient correlation
c95% CI was estimated using the percentile method based on 10,000 bootstrapping resamples
dCCC for repeated measures and the 95% CI were estimated via variance components of a linear mixed model

Fig. 3  (A) Bland-Altman chart 
for iTh VS esophageal tempera-
ture and bladder VS esophageal 
temperature during whole surgi-
cal period; (B) Bland-Altman 
chart for iTh VS esophageal 
temperature and bladder VS 
esophageal temperature during 
pneumoperitoneum period. The 
x-axis shows the average of 
the experimental and reference 
temperatures; the y-axis is the 
difference between the 2 mea-
surements. The solid line shows 
mean bias; the dashed lines 
show 95% limits of agreement; 
and shaded area shows the 95% 
for limits of agreement
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3.2.2  During pneumoperitoneum period

During the pneumoperitoneum period, 2024 sets of iTh-
ermonitor, bladder and reference measurements were 
obtained. The bias between the iThermonitor and reference 
was 0.04  °C with an SD of 0.27  °C; the limits of agree-
ment were − 0.48 to 0.56 °C (Table 2; Fig. 3). Whereas the 
bias between the bladder and reference measurements was 
as high as 0.32 °C with an SD of 0.38 °C (P < 0.001, F-test 
vs. iThermonitor), the limits of agreement were − 0.42 to 
1.05 °C (Table 2; Fig. 3). A total of 93.62% of iThermoni-
tor values were within ± 0.5  °C of the reference, and the 
data for the bladder were only 83.92% (Table 2). Lin’s CCC 
for the iThermonitor and bladder measurements were 0.785 
(95%CI: 0.768–0.801) and 0.603 (95%CI: 0.581–0.624) 
respectively.

4  Discussion

A total of 95.21% of iThermonitor measurements were 
within ± 0.5  °C of the reference core temperature during 
the whole surgical period. During the pneumoperitoneum 
period, the proportion was approximately 94%. From a 
clinical point of view, a proportion greater than 90% was 
considered sufficiently accurate. Therefore, we consider the 
axillary iThermonitor to be sufficiently accurate for clini-
cal use during laparoscopic rectal surgeries. For the bladder 
temperature, both of the proportions during the whole sur-
gical and pneumoperitoneum periods were approximately 
83.9%, which were lower than 90%. Therefore, the Foley 
catheter sensor is not sufficiently accurate for temperature 
monitoring during laparoscopic rectal surgery.

Temperature monitoring via the urinary bladder has 
become common in the operating room. Especially in sur-
gery when the insertion of an indwelling urinary catheter 
is required, the bladder temperature measurement is con-
sidered an appropriate choice for temperature monitoring 
[19, 20]. Several previous studies have demonstrated that 
the bladder temperature measured by a Foley catheter sen-
sor was a clinically acceptable method to monitor the core 
temperature during abdominal surgery [19, 21–23]. How-
ever, this method had a poor performance in determining 
the core temperature in the situations where there was a low 
urine flow rate or a rapid thermal change. In laparoscopic 
surgeries where a pneumoperitoneum is required prior to 
the procedure, the bladder temperature might respond more 
significantly than the core temperature. From our results, we 
consider that the urinary bladder temperature is inappropri-
ate for patients undergoing laparoscopic rectal surgery.

In general, the axilla is not considered the ideal site 
for core temperature measurement. However, the wireless 

The demographic and perioperative characteristics are sum-
marized in Table 1.

3.1  Patient characteristics and surgical information

The mean age of the patients was 60 ± 11 (SD) years, 
and the median intraoperative recording duration was 
187.2 ± 67.7 (SD) min. Among the 82 patients, 37 patients 
(45%) were female. The mean volumes of peritoneal lavage 
and intraoperative fluid therapy were 736.7 ± 448.1 ml and 
2286.9 ± 632.1 ml, respectively.

3.2  Analysis of the difference between the 
iThermonitor or the bladder temperature and the 
reference measurements

3.2.1  During the whole surgical period

A total of 3303 sets of iThermonitor and reference measure-
ments were obtained from 82 patients (40 sets per patient 
on average). As shown in Fig. 2, the iThermonitor tempera-
ture and the reference oesophageal temperature agreed well 
overall. The bias was 0.05 °C with an SD of 0.26, and the 
Pearson correlation Coefficient was 0.849 (Table  2). We 
also obtained 3303 pairs of bladder and reference measure-
ments. The bias between them was 0.28 °C with an SD of 
0.34 (Table 2), which was more than 5 times that between 
the iThermonitor and reference values (P < 0.001, F-test).

The 95% limits of agreement (LOA) for the iThermoni-
tor were relatively narrow, with an estimated upper limit of 
0.56 °C and the lower limit of − 0.48 °C, indicating reason-
ably good ± 0.51  °C agreement across the range of mean 
temperatures from 35.1 to 38.3 °C (Fig. 3). The proportion 
of patients with an average difference within ± 0.5 °C was 
95.21% (95% CI, 91.88–98.55%) (Table 2). For the bladder 
temperature, the proportion of values that had an average 
difference within 0.5 °C was only 83.90% (95% CI, 80.27-
87.52%) (Table 2).

The iThermonitor detected fever with a sensitivity of 
0.92 (95% CIs 0.74–0.99) and a specificity of 1 (0.999–
1.00). Sensitivity and specificity for hypothermia were 
0.724 (0.683–0.763) and 0.922 (0.911–0.932), respectively. 
The bladder sensor detected fever with a sensitivity of 0.72 
(95% CIs 0.506–0.879) and a specificity of 1 (0.999–1.00). 
Sensitivity and specificity for hypothermia were 0.946 
(0.922–0.964) and 0.765 (0.749–0.78), respectively. Lin’s 
CCC was excellent for correlation of the iThermonitor 
measurements with oesophageal temperature (CCC = 0.842 
(95%CI: 0.831–0.851)); in contrast, CCC for the bladder 
measurements was only 0.688 (95%CI: 0.673–0.703).
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axillary iThermonitor in our study uses a proprietary system 
to adjust for the ambient temperature, thermal condition of 
the skin interface and changes in arm position, and it tries to 
estimate the core temperature. Our results showed that the 
axillary iThermonitor measurements accurately estimated 
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laparoscopic rectal surgery. The axillary iThermonitor mea-
surements but not the bladder temperature measurements 
represent the core temperature well in that circumstance.
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