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KEY POINTS
• Question: Does a wireless axillary thermometer (the iThermonitor WT701) well represent core 

temperature (esophageal temperature) in adults having noncardiac surgery?
• Findings: Axillary and esophageal temperatures were similar, with a mean difference (esopha-

geal minus axillary) of only 0.14°C ± 0.26°C (standard deviation) and the Bland–Altman 95% 
limits of agreement were reasonably narrow, with the estimated upper limit at 0.66°C and the 
lower limit at −0.38°C, thus ±0.52°C.

• Meaning: Axillary temperature, as recorded by the iThermonitor WT701, well represents core 
temperature in adults having noncardiac surgery and thus appears suitable for clinical use, 
such as neuraxial anesthesia and other patients who are not intubated.

Anesthetic drugs markedly impair normal thermo-
regulatory defenses,1 and the consequent hypo-
thermia2 causes various complications.3 Although 

less common than hypothermia, perioperative temperature 

elevations resulting from a febrile response or malignant 
hyperthermia are often more serious.4 The standard of care 
is thus to maintain patients’ core body temperature within 
normal limits unless there are specific reasons not to.5

Core temperature is surprisingly difficult to measure 
accurately and reliably.6 The most accurate temperature 
measurement sites are also the most invasive, including the 
pulmonary artery, esophagus, nasopharynx, and tympanic 
membrane (with a direct contact probe).7 The esophagus 
and nasopharynx are excellent core temperature monitor-
ing sites during general anesthesia, both being easy to use, 
accurate, and highly resistant to artifact. Patients given 
neuraxial anesthesia get just as hypothermic as those hav-
ing general anesthesia,8 and there is no reason to believe 
that they enjoy any special protection against hypothermia-
induced complications.

How best to monitor core temperature in patients having 
neuraxial anesthesia—or for that matter, any unintubated 
patient—remains unclear. When appropriate precautions 
are taken, minimally invasive noncore sites can often be sub-
stituted for core temperature; such sites include the urinary 
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bladder, mouth, rectum, and zero-heat-flux temperature.9,10 
A new wireless axillary thermometer, iThermonitor WT701 
(Raiing Medical, Boston, MA), uses a proprietary system to 
adjust for ambient temperature, the skin interface, and posi-
tional changes including arm abduction in an effort to enhance 
the accuracy of core temperature estimates from the axilla.

Whether the iThermonitor is sufficiently accurate for 
clinical use remains unknown. We thus evaluated the sys-
tem in perioperative patients who often experience ther-
mal perturbations over a range of several degrees Celsius. 
Specifically, we determined the precision and accuracy of 
the iThermonitor in surgical patients. As in previous stud-
ies,9,10 we a priori determined that the iThermonitor would 
have clinically acceptable accuracy if most estimates were 
within ±0.5°C of the esophageal reference and suitable pre-
cision if the limits of agreement were within ±0.5°C. On an 
exploratory basis, we also evaluated the accuracy and preci-
sion of bladder temperature.

METHODS
The study was registered at ClinicalTrials.gov (NCT02756910; 
principal investigator: L.P.; date of registration: March 4, 
2016) and approved by the institutional review board at 
the Peking Union Medical College Hospital. Participating 
patients provided written consent.

We enrolled 80 patients who were 18–80 years old at the 
Peking Union Medical College Hospital between June 20, 
2016, and September 27, 2016. We recruited adults having 
an American Society of Anesthesiologists physical status of 
I–III who were scheduled for open or laparoscopic upper 
abdominal surgery expected to last between 1.5 and 4 hours 
who required general endotracheal anesthesia and insertion 
of a Foley catheter. We excluded patients in whom esopha-
geal temperature monitoring was impractical.

Anesthetic, respiratory, fluid, and thermal management 
were at the discretion of the anesthesiologist. Temperature 
was recorded from 1 axilla using an iThermonitor (detailed 
below). Intravenous infusion was permitted through either 
arm and was warmed or not per anesthesiologist prefer-
ence. Oscillometric blood pressure was usually measured 
in the ipsilateral arm. An arterial catheter, if required, was 
inserted into either wrist.

If used, active heating systems (Bair Hugger Warming 
Unit Model 775; 3M, St. Paul, MN) and forced-air warm-
ing covers (Bair Hugger full access underbody blanket 
model 635 [3M]) were positioned under the patients’ body. 
All patients were supine with both arms adducted during 
surgery.

Measurements
Patient characteristics such as age, height, weight, sex, and 
American Society of Anesthesiologists physical status were 
recorded, along with details of the surgery including proce-
dure and postoperative diagnosis. Warming systems, if used, 
were recorded. At 10-minute intervals, we recorded inspired 
volatile anesthetic concentration and mean arterial pressure.

After induction of general anesthesia, a temperature sen-
sor was inserted into the distal esophagus (Model 21075A; 
Philips Medical Systems, Andover, MA). The distance was 
determined by: distance (cm) = 0.228 × (standing height) − 
0.2 or distance (cm) = 0.479 × (sitting height) − 4.4.11 The 

surgical team positioned a 14F Foley catheter with tem-
perature sensor in the urinary bladder (Model 12511407; 
Jinhu Industrial Estate Hualong, Pan Yu, Guangdong, 
China). Ambient temperature was recorded from an elec-
tronic probe (Fluke 971 Temperature Humidity Meter; 
Fluke Corporation, Everett, WA) situated at the height of 
the patient, well away from any heat-producing equipment.

Axillary temperature was recorded from a iThermoni-
tor wireless module (Figure  1A) paired to an iPhone. This 
is a US Food and Drug Administration 510(k) cleared class 
II medical device. The module is reusable, but also suffi-
ciently inexpensive to be considered for single-patient use. A 
hypoallergenic adhesive patch provided by Raiing Medical 
was used to securely position the iThermonitor in a shaved 
axilla (Figure 1B) before anesthesia induction. Axillary esti-
mates of core temperature were recorded wirelessly on an 
iPhone (Figure 1C). Patients were asked to adduct the ipsi-
lateral arm for up to 5 minutes after the probe was inserted 
or until the temperature displayed on the paired iPhone was 
stable. Thereafter, patients were free to move their arms. The 
axillary and esophageal thermometers were removed at the 
end of surgery. The Foley catheter was removed or retained 
per clinical need. Temperatures were recorded at 5-minute 
intervals throughout surgery.

Data Analysis
We considered esophageal temperature to be the refer-
ence core temperature. We defined ±0.5°C to be a clinically 
important temperature deviation. This value has been used 
in past studies9,10 and approximates the normal circadian 
variation of ±0.5°C.12,13 Thermal perturbations of ≤1°C are 
thus unlikely to provoke serious complications.

Accuracy was defined as the difference between the 
reference temperature and iThermonitor estimate. As the 
primary outcome measure, the proportion of temperatures 
within 0.5°C of the reference was calculated for each patient 
and summarized as the mean of proportion with 95% confi-
dence interval (CI) estimated by bootstrapping, accounting 
for within-in subject correlation. Specifically, each patient’s 
entire data were resampled together with replacement. The 
2.5th and 97.5th percentiles based on 10,000 resamples from 
our original data were used to estimate the CI.

The secondary outcome measures were bias and 95% CIs 
determined by repeated-measures Bland–Altman analysis. 
The average differences between the iThermonitor and the 
reference core temperature across all measurements were 
calculated for each patient. The mean of bias and the stan-
dard deviation (SD) were summarized across patients using 
the Bland–Altman repeated measurement formula to adjust 
for within-patient correlation.14 Bland–Altman 95% limits of 
agreement were calculated as mean ± 1.96 SD. The 95% CIs 
for the limits of agreement were estimated using variance 
estimates recovery.15 Bland–Altman plots were constructed 
to assess any trend toward changing variability of the differ-
ence with changing mean temperature.

Finally, the concordance correlation coefficient, which 
summarizes the agreement between 2 methods by measur-
ing the variation of their linear relationship from the 45° 
line through the origin,16 was estimated via variance com-
ponents of a linear mixed model using restricted maximum 
likelihood approach.17,18
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We summarized agreement between bladder tempera-
ture and esophageal core temperature as reference using 
the same methods.

SAS statistical software version 9.4 (SAS Institute, 
Cary, NC) and R statistical software version 3.3.1 (The R 
Foundation for Statistical Computing, Vienna, Austria) 
were used for statistical analyses.

Sample Size Considerations
Eighty patients were deemed sufficient to adequately 
characterize the accuracy of the iThermonitor axillary 
thermometer. Specifically, the Pearson correlation between 

patient mean iThermonitor and reference core temperature 
at 0.8 was expected to have a 95% CI from 0.70 to 0.87 for a 
sample size of 80. In a post hoc estimation based on simu-
lations, assuming that the bias of iThermonitor is 0.15 with 
an SD of 0.3, the 95% CI for proportion of measurements 

Figure 1. iThermonitor mobile 
app interface of real-time body 
temperature display. A, The iTh-
ermonitor axillary probe. The 
dimensions are 52 × 32 × 6.5 
mm, and it weighs about 7 g 
including the battery. B, A pho-
tograph showing the iThermoni-
tor probe taped in the axilla. 
C, A screenshot of the iPhone 
interface. PUMCH01 indicates 
Peking Union Medical College 
Hospital subject No. 1.

Table 1.  Patient Characteristics (N = 80)
Variable Summary
Age (y) 55 ± 11
Female (%) 35 (44%)
BMI (kg/m2) 24 ± 4
Ambient temperature (°C) 21 ± 2
Duration of recording time (h) 3.1 (2.6, 4.0)
Type of surgery (%)  
 Open abdominal surgery 73 (91%)
 Laparoscopic abdominal surgery 7 (9%)
Forced-air warming (%) 39 (49%)
TWA-MAP (mm Hg) 88 ± 9
TWA-HR (beats/min) 70 ± 9

Summary statistics presented as n (%) of patients, mean ± SD, or median 
(Q1, Q3), respectively, for factors, symmetric continuous variables, and 
skewed continuous variables.
Abbreviations: BMI, body mass index; HR, heart rate; MAP, mean arterial 
pressure; TWA, time-weighted average.

Figure 2. Scatter plot of iThermonitor axillary temperature against 
reference esophageal core temperature. Jitter was added to avoid 
overlap.
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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.

RESULTS
We enrolled and analyzed 80 qualifying patients. 
Demographic and perioperative characteristics were sum-
marized in Table  1. All enrolled patients completed the 
study and were included in the final analysis.

The mean age was 55 ± 11 (SD) years, and the median 
intraoperative recording duration was 3.1 hours (Q1, Q3: 
2.6, 4.0). Among 80 patients, 36 (45%) were female, 73 (91%) 
had open abdominal surgeries (versus laparoscopic), and 39 
(49%) had forced-air warming. The time-weighted average 
mean arterial pressure was 88 ± 9 mm Hg, and the average 
heart rate was 70 ± 9 beats/min. The mean initial intraoper-
ative esophageal temperature was 36.2°C ± 0.5°C, recorded 
12–95 minutes after induction of anesthesia. The mean final 
intraoperative esophageal temperature was 36.1°C ± 0.6°C.

There were a total of 3339 sets of iThermonitor and refer-
ence measurements from 80 patients (42 sets per patient on 
average). As shown in Figure 2, the iThermonitor tempera-
ture and the reference esophageal temperature agreed well 
overall. The iThermonitor temperatures ranged from 34.7°C 
to 38.3°C, while the esophageal core temperatures ranged 
from 34.6°C to 37.9°C. The bias was 0.14°C with an SD of 
0.26 (Table 2).

The 95% limits of agreement for the iThermonitor were 
relatively narrow, with the estimated upper limit at 0.66°C 
(95% CI, 0.60–0.74) and the lower limit at −0.38°C (95% CI, 
−0.45 to −0.32), indicating reasonably good ±0.52°C agree-
ment across the range of mean temperatures from 34.9°C 
to 38.1°C. No obvious change of bias or variability was 
observed with increasing temperature in Bland–Altman 
plot (Figure 3). The proportion of patients with average dif-
ference within 0.5°C was 91% (95% CI, 88–93) and concor-
dance correlation coefficient was 0.78 (95% CI, 0.71–0.84), 
comparing iThermonitor measurements to esophageal 
temperatures.

We also plotted the 3327 pairs of bladder temperature 
and esophageal temperatures. Overall, observed blad-
der temperatures were higher than the esophageal tem-
peratures, with a majority of points above the 45° line of 

identity (Supplemental Digital Content, Figure 1, http://
links.lww.com/AA/C154). The agreement between blad-
der and esophageal temperatures is presented in Table  2 
and Figure  4. There was greater bias (0.35°C) and similar 
95% limits of agreement (0.56°C) than for the iThermonitor 
esophageal temperature relationship. Consequently, consis-
tency between bladder and esophageal temperatures was 
poor, with the proportion of patients with average difference 
within 0.5°C being 76% (95% CI, 70–82). The concordance 
correlation coefficient between bladder and esophageal 
measurements was 0.70 (95% CI, 0.62–0.77), which was also 
worse than for the iThermonitor.

DISCUSSION
A total of 91% of all iThermonitor axillary temperatures 
were within ±0.5°C of the esophageal reference core tem-
perature. Furthermore, the 95% limits of agreement from 
repeated-measures Bland–Altman analysis was 0.52°C. 
The system thus appears sufficiently accurate and precise 
for clinical use. There was a small bias, +0.14°C, in the iTh-
ermonitor measurements. But bias in this context is less 
important than precision because it usually represents a cal-
ibration error that can be improved by software adjustment.

Overall, accuracy and precision have several compo-
nents. The first is the axillary site per se. The axilla is not a 
recognized core temperature monitoring site. Nonetheless, 
carefully conducted axillary temperature measurements 
can provide a reasonable estimate of core temperature.10,19,20 
Careful positioning of the thermometer probe over the 
axillary artery and keeping the arm adducted help. A sec-
ond factor is the probe–skin interface. It is important that 
the probe directly contacts skin; shaving the axillary skin 
may be thus necessary, as it was in our patients. And third, 
some thermometers include secondary thermometers that 
evaluate ambient temperature and proprietary software 
that adjusts axillary skin temperature for ambient temper-
ature (and possibly arm position) to better estimate core 
temperature.

The accuracy and precision of any clinical thermometer 
depend on both the device and measurement site. Some 
devices are inherently accurate and measurement site is the 
only issue. But many clinical thermometers, including the 
iThermonitor, use algorithms to estimate core temperature 
after accounting for site characteristics and the effects of 

Table 2.  Agreement Between iThermonitor Axillary Thermometer and Esophageal Reference Core 
Temperaturea

Measure iThermonitor Versus Esophageal Bladder Versus Esophageal
Bias (mean ± SD)b 0.14 ± 0.27 0.35 ± 0.29
95% limits of agreementc   
 Upper (95% CI) 0.66 (0.60–0.74) 0.91 (0.85–0.99)
 Lower (95% CI) −0.38 (−0.45 to −0.32) −0.21 (−0.39 to −0.15)
Proportion of differencesd within 0.5°C (95% CI) 0.91 (0.88–0.93) 0.76 (0.70–0.82)
CCC (95% CI)e 0.78 (0.71–0.84) 0.70 (0.62–0.77)

Abbreviations: CCC, concordance correlation coefficient; CI, confidence interval; SD, standard deviation.
aA total of 3337 records of iThermonitor and 3326 records of bladder measurements from 80 patients.
bBias 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.
cBland–Altman limits of agreement for repeated measures, adjusting for within-patient correlation. The 95% CIs for limits were estimated using the MOVER.
d95% CI was estimated using the percentile method based on 10,000 bootstrapping resamples.
eCCC for repeated measures and the 95% CI were estimated via variance components of a linear mixed model.
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ambient temperature. Because bias and precision depend 
on a complex interaction between the measurement site, 
device characteristics, and the proprietary algorithm, clini-
cal testing was necessary to determine overall accuracy.

The 95% limits of agreement for bladder were only 
slightly greater than for axillary temperature (±0.56°C vs 
±0.52°C). However, the bias against the esophageal refer-
ence temperature was greater (0.35°C vs 0.14°C). Largely 
because of the bias, only 71% of bladder temperature mea-
surements were within ±0.5°C of the simultaneous esopha-
geal measurement. The urinary bladder is not a recognized 
core temperature monitoring site.21,22 Nonetheless, bladder 
temperature can reasonably estimate core temperature and 
has even been used as a near-core reference when measure-
ment of a true core temperature was impractical.10 Bladder 
and rectal temperatures share a common problem which 
is that both sites are surrounded by tissues that are poorly 
perfused and consequently fairly good thermal insulators. 
Consequently, it is impossible to transfer large amounts of 
heat through the bladder.23

When core temperature is constant and sufficient 
equilibration time is allowed, bladder and rectal tempera-
tures thus well indicate core temperature. However, clini-
cians rarely know if these conditions have been satisfied, 

especially as “sufficient” may be measured in hours rather 
than minutes. A further complication is that the speed at 
which bladder temperature equilibrates with core tem-
perature depends on urine flow; bladder temperature 
thus resembles core temperature when urine flow is high 
but resembles rectal temperature when urine flow is low.21 
Furthermore, temperatures are usually measured specifi-
cally because changes are plausible and may have clinical 
implications. Neither site is thus useful when temperature 
monitoring is most needed. For example, rectal temperature 
remains essentially normal during malignant hyperthermia 
crises until test swine are nearly dead.24

Our results apply to noncardiac surgical patients. Core 
temperature changes during cardiac surgery are much larger 
and faster, and it is likely that axillary temperature measure-
ments, with the iThermonitor or most any system, would 
be considerably less accurate and precise during bypass. 
The system would presumably be unaffected by a warmed 
intravenous infusion but might generate falsely low values 
with rapid unwarmed infusions. Along those lines, ambi-
ent temperatures were moderate and typical for operat-
ing rooms. The system may not work so well during more 
extreme temperatures, or when the axilla is directly warmed 
by forced-air systems. And finally, we made considerable 

Figure 3. Bland–Altman plot 
for iThermonitor axillary tem-
perature versus reference 
esophageal core temperature. 
The x-axis shows the average 
of the experimental and refer-
ence temperatures; the y-axis 
is the difference between the 2 
measurements. The solid line 
shows mean bias; the dashed 
lines show 95% limits of agree-
ment; and shaded area shows 
the 95% for limits of agree-
ment. Jitter was added to avoid 
overlapping.

Figure 4. Bland–Altman plot 
for bladder temperature versus 
reference esophageal core tem-
perature. The x-axis shows the 
average of bladder and esopha-
geal temperatures; the y-axis is 
the difference between the 2 
measurements. The solid line 
shows mean bias; the dashed 
lines show 95% limits of agree-
ment; and shaded area shows 
the 95% for limits of agree-
ment. Jitter was added to avoid 
overlapping.
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effort to shave the axilla, position the iThermonitor probe 
carefully, and provide the 5-minute equilibration period 
specified by the manufacturer. Results would presumably 
be less reliably without these precautions. And finally, our 
patients were relatively lean, with an average body mass 
index of 24 kg/m2. It is possible that accuracy will suffer in 
morbidly obese patients.

In summary, we evaluated the iThermonitor WT701 wire-
less axillary thermometer in 80 noncardiac surgical patients. 
A total of 91% of all measurements were within ±0.5°C of 
reference esophageal core temperature. The 95% limits of 
agreement were 0.52°C. Axillary temperature recorded by 
the iThermonitor thus well represented core temperature 
in adults having noncardiac surgery, and the system thus 
appears suitable for clinical use. E
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