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Abstract

We evaluated the disposable non-invasive SpotOn™ thermometer relying on the zero-heat-flux technology. We tested the
hypothesis that this technology may accurately estimate the core temperature. The primary objective was to compare cuta-
neous temperature measurements from this device with blood temperatures measured with the pulmonary artery catheter.
Secondary objective was to compare measurements from the zero-heat-flux thermometer indirectly with other routinely used
thermometers (nasopharyngeal, bladder, rectal). We included 40 patients electively scheduled for either off-pump coronary
artery bypass surgery or pulmonary thromboendarterectomy. Temperatures were measured using zero-heat-flux (SpotOn™),
pulmonary artery catheter, nasopharyngeal, rectal, and bladder thermometers. Agreement was assessed using the Bland
and Altman random effects method for repeated measures data, and Lin’s concordance correlation coefficient. Accuracy
was estimated (defined as <0.5° difference with the gold standard), with a 95% confidence interval considering the multiple
pairs of measurements per patient. 17 850 sets of temperature measurements were analyzed from 40 patients. The mean
overall difference between zero-heat-flux and pulmonary artery catheter thermometer was -0.06 °C (95% limits of agreement
of +0.89 °C). In addition, 14 968 sets of temperature measurements were analyzed from 34 patients with all thermometers
in situ. Results from the zero-heat-flux thermometer showed better agreement with the pulmonary artery catheter than the
other secondary core thermometers assessed. In conclusion, the SpotOn™ thermometer reliably assessed core temperature
during cardiac surgery. It could be considered an alternative for other secondary thermometers in the assessment of core
temperature during general anesthesia.
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1 Introduction

Unintended perioperative hypothermia, defined as a patient
core temperature of less than 36.0 °C, remains a common
complication during both general and neuraxial anesthesia
and affects patients’ outcome [1]. Perioperative hypother-
mia is a result of core-to-peripheral redistribution of heat,
reduced metabolic heat production during anesthesia, and
an increased heat loss to the environment. Potential side
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effects of hypothermia include coagulopathy and increased
blood loss [2], increased incidence of myocardial injury
[3] and prolonged action of various drugs [4], as well as
postoperative discomfort and shivering [1]. Hypother-
mia may also lead to an increased risk of infection [5,
6].0000000000

The management of unintended perioperative hypother-
mia is multifactorial. It is well accepted that maintaining
perioperative normothermia is crucial, rather than rewarm-
ing hypothermic patients [1]. Options are either passive
insulation or active warming, with forced air warming being
the most efficient method.

Apart from these measures in the prevention and treat-
ment of hypothermia, accurate monitoring of patient core
temperature is of pivotal importance. A European survey [7]
demonstrated in 2011 that barely 25% of patients under gen-
eral and 6% of patients under regional anesthesia were moni-
tored intraoperatively. This is conflicting with current NICE

@ Springer


http://orcid.org/0000-0002-3574-1306
http://orcid.org/0000-0001-9930-8045
http://orcid.org/0000-0002-1371-442X
http://orcid.org/0000-0002-3536-9321
http://crossmark.crossref.org/dialog/?doi=10.1007/s10877-021-00758-1&domain=pdf

1280

Journal of Clinical Monitoring and Computing (2022) 36:1279-1287

guidelines [8] stating that all patients under anesthesia for
more than 30 min should have their temperature monitored.

Temperature can be monitored at either core (head,
trunk), peripheral (arm, leg) or cutaneous sites of the patient.
Peripheral tissue and cutaneous temperatures are typically
below core temperature and subject to environment, as well
as peripheral vasoconstriction or vasodilatation [9]. Core
temperature is tightly regulated and contributes highly to
thermoregulatory control, and is deemed most relevant to
the patient’s thermal status [1].

The golden standard for measuring core temperature
remains the pulmonary artery catheter (except during car-
diopulmonary bypass) [10, 11] which has, however, lim-
ited indication in routine clinical practice beyond cardiac
and transplant surgery [12]. Nasopharyngeal and distal
esophageal thermometers are deemed adequate estima-
tors of the core temperature [1]. However, these devices
each are subject to several limitations. They cannot be
used in awake patients, the insertion depth is likely to
influence the accuracy of the temperature measurements
and placement of the transesophageal echocardiography
probe may interfere with nasopharyngeal or esophageal
temperature monitoring [13]. Other options include blad-
der, rectal, sublingual, axilla and tympanic membrane
thermometers. However, the validity of urinary blad-
der temperature depends critically on urinary flow rates.
Moreover, bladder temperature is known to be a poor
indicator of core temperature during cardiac surgery with
cardiopulmonary bypass [14]. Rectal, sublingual, axilla
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and tympanic membrane thermometers remain critically
operator-dependent and susceptible to artefacts [1]. Hence,
it appears obvious that there is a need for a non-invasive
way to accurately measure core temperature, especially
during cardiac surgery.

An innovative way to non-invasively measure core tem-
perature is using the transcutaneous zero-heat-flux (ZHF)
technology. This technique is based on creating a zone
of zero heat-flow over the skin surface, thus allowing a
simple electronic thermometer to measure the core tem-
perature (or at least the temperature 1 cm to 2 cm below
the skin surface) [15, 16]. ZHF was developed in 1971 by
Fox et al [15] but has been limited in use due to practical
considerations [17]. Only a few years ago a lightweight
disposable probe was developed that can easily be used in
the clinical setting, now commercially available as Spo-
tOn™. This device offers a non-invasive method of core
temperature measurement in clinical circumstances in
which invasive methods cannot be applied.

The evidence concerning the accuracy of this ZHF
device in measuring the patient core temperature is grow-
ing, and study results are promising [18]. The primary
goal of this study was to test in a cardiac surgical popula-
tion the accuracy of the SpotOn™ technology in relation
to the gold standard. The secondary goal of this study
was to determine how well it performs in comparison
with other routinely used core temperature measurements
(nasopharyngeal, bladder and rectal thermometers) and to
assess its clinical relevance (Fig. 1).

Temperature
Sensor

1) Placement and connection

2) Equilibration - isothermal zone development
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2 Methods
2.1 Ethics

Study approved by the local ethics committee on March 25,
2019 and written informed consent was obtained from par-
ticipating patients. All patients were enrolled at a tertiary
care academic hospital between May 3, 2019 and September
24,2019.

2.2 Study design

Prospective observational study in a cardiac surgical popula-
tion comparing the SpotOn™ thermometer to measurements
from pulmonary artery catheter, nasopharyngeal, bladder
and rectal thermometers.

2.3 Patients

We included 40 patients electively scheduled for either off-
pump coronary artery bypass surgery (OPCAB) or pulmo-
nary thromboendarterectomy (PTEA). In these patients,
standard pulmonary artery catheter monitoring is used as
part our institutional standards. Patients were asked to par-
ticipate if they were older than 18 years, able to understand
and sign an informed consent form in Dutch and able to
receive temperature assessments through a pulmonary artery
catheter and ZHF, bladder, rectal and nasopharyngeal ther-
mometers. They were free to discontinue participation in the
investigation at any time, and without prejudice to further
treatment.

Exclusion criteria included diabetes mellitus (consider-
ing the possibility of impaired thermoregulation, including
reduced skin blood flow [20]), the presence of skin or soft
tissue disorders on the forehead area covered directly by the
ZHF device (e.g. pressure ulcers, clinically significant pso-
riasis, dermatitis or any other interruption of skin integrity
that would be affected by direct heat), or lack of space on the
patient’s forehead due to presence of other devices (e.g. near
infrared spectrometry, bispectral index monitor).

Preoperative assessments included room temperature and
subject weight, height, age and medical history.

In accordance with our cardiac surgery protocol, general
anesthesia was induced with sufentanil, propofol and rocu-
ronium, and maintained with remifentanil, dexmedetomidine
and sevoflurane. Norepinephrine was started in all patients
in continuous infusion after placement of the central-venous
catheter, in a dose of 0.01 pg/kg/min and adjusted to clini-
cal need.

Intravenous fluids were administered through a warm-
ing system (Ranger Blood and Fluid Warming System, 3M,

Germany). An underbody resistive heating mattress (Alpha
Plus Patient Warming System, Inditherm Medical, UK) was
used when the patient was not on cardiopulmonary bypass,
set at 40 °C. Room temperature was set at 22 °C before
induction and 18 °C after surgical draping.

2.4 Measurements

Temperatures were measured using a zero-heat-flux ther-
mometer (SpotOn, 3M, Germany), pulmonary artery cath-
eter (Swan-Ganz CCOmbo V Continuous Cardiac Output
Catheter, Edwards Lifesciences, USA), nasopharyngeal ther-
mometer (GRI Medical & Electronic Technology, China),
rectal thermometer (GRI Medical & Electronic Technology,
China), bladder thermometer (GRI Medical & Electronic
Technology, China). The ZHF thermometer was placed
immediately after being transferred to the operating table,
according to the manufacturer’s written guideline: first the
sensor was connected to the SpotOn control unit (already
connected to the Philips Intellivue MX800 patient monitor).
After prepping the site with an alcohol wipe, the sensor was
then placed above the right orbital ridge. A ten-minute inter-
val was allowed for thermal equilibration. After induction
of anesthesia and intubation, rectal and bladder thermom-
eters were placed. The pulmonary artery catheter was sub-
sequently inserted by the anesthesia resident using dynamic
pressure readings from the catheter tip. Finally, the naso-
pharyngeal thermometer was placed. After all thermometers
were in place, another ten-minute interval was allowed for
thermal equilibration. Subsequent temperature readings were
taken in 30-s intervals thereafter using an automatic regis-
tration of the patient monitor (Philips Intellivue MX800,
Philips Medizin Systeme, Germany) into the patient data
management system (Klinisch Werkstation, University Hos-
pitals Leuven, Belgium). The period on cardiopulmonary
bypass was excluded for obvious reasons (lack of pulmonary
artery blood flow). The last thermometry data were recorded
upon closing of the sternum.

2.5 Statistical methods

Statistical advice was obtained before study commencement
and after study conclusion from the Leuven Biostatistics and
Statistical Bioinformatics Centre (L-BioStat), KU Leuven,
Belgium.

After automatic data registration into the patient data
management system (Klinisch Werkstation, University
Hospital Leuven) and completion of the study, data was
automatically extracted into Excel (Microsoft Office Excel,
Microsoft, USA). Analyses were performed using SAS soft-
ware (version 9.4 of the SAS System for Windows).

The percentage of correct measurements were estimated
(defined as <0.5° difference with the gold standard), with
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a 95% confidence interval considering the multiple pairs
of measurements per patient. Estimation was performed
using a ratio estimator for the variance of clustered binary
data [21].

Agreement was assessed using the Bland and Altman
random effects method for repeated measures data, for the
estimation of the mean bias, standard deviation of the bias,
and 95% limits of agreement (LoA) [22].

Lin’s concordance correlation coefficient (CCC) was
calculated [23].

Precision was also assessed using percentage error as
defined by Montenij et al [24].

3 Results
3.1 Patient characteristics

Sixty eight patients scheduled for off-pump coronary
artery bypass (OPCAB) or pulmonary thrombo-endar-
terectomy (PTEA) requiring a pulmonary artery catheter
were screened. 28 patients were excluded because of dia-
betes mellitus.

Thirty seven men and 3 women were included. All
patients were ASA class 4. Of the 36 patients sched-
uled for OPCAB, 5 were required to go on full cardio-
pulmonary bypass because of hemodynamic instability
intraoperatively.

Due to technical issues, 6 rectal thermometer readings
were discarded (5 during OPCAB and 1 during on-pump
CABG). To compare ZHF to the other thermometers a
subset analysis was performed on 34 patients with all
thermometers in situ. In total, 17 850 sets of temperature
measurements were analyzed from 40 patients.

Table 1 Patient characteristics

All patients Subset

n=40 n=34
Sex (male) 37 (93%) 31 (91%)
Age in years 66+10 66+11
Height in cm 171+9 170+9
Weight in kg 81+12 81+10
BMI in kg m™2 26.8+1.7 272+1.6
OPCAB 31 (78%) 26 (76%)
On-pump CABG 5(12%) 4 (12%)
PTEA 4 (10%) 4 (12%)
Duration of surgery in min 296 + 54 296 +57

Quantitative data are reported in mean+SD
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The ZHF sensors were well tolerated in all patients,
without occurrence of any adverse events. No sensors
failed intraoperatively (Table 1).

3.2 Comparison of zero-heat-flux with pulmonary
artery thermometer in all patients

Temperature measurements from the PAC ranged between
34.6 °C and 37.8 °C.

The mean overall difference with ZHF was —0.06 °C
(95% LoA +0.89 °C). In 89% of measurements (95% CI
82;96%), ZHF temperatures were within 0.5 °C of PAC tem-
peratures. Lin’s concordance correlation coefficient for all
patients was 0.73 (95% CI 0.72;0.74). Percentage error was
2.46.

Results are presented in Fig. 2.

3.3 Comparison of zero-heat-flux, nasopharyngeal,
bladder and rectal with pulmonary artery
thermometer in all and subset patients

17 850 sets of temperature measurements were analyzed
from 40 patients for comparison of zero-heat-flux, naso-
pharyngeal and bladder thermometers with pulmonary
artery thermometer. Results are presented in Table 2 and
Figs. 2, 3 and 4.

Subsequently, 14,968 sets of temperature measurements
were analyzed from 34 patients with all thermometers
in situ: 26 patients undergoing OPCAB, 4 on-pump CABG
and 4 PTEA. The results are presented in Table 2 and Fig. 5.

4 Discussion

In this prospective observational study performed on 40
patients scheduled for either OPCAB or PTEA, the ZHF
thermometer reliably assessed core temperature. Mean over-
all bias between ZHF and PAC temperatures in all included
patients was —0.06 °C (95% LoA £0.89 °C). In 89% of
measurements (95% CI 82;96%), ZHF temperatures were
within 0.5 °C of PAC temperatures.

The findings from our study are consistent with the results
from 3 clinical studies comparing measurements from the
ZHF with the PAC in a similar setting [18]: Eshragi et al.
[16] compared the ZHF thermometer to measurements from
the PAC in 105 patients undergoing elective cardiac sur-
gery (mean bias —0.08 °C, 95% LoA +0.88 °C); Mékinen
et al. [25] compared the ZHF thermometer to measurements
from the PAC in 15 patients undergoing elective coronary
artery bypass grafting, aortic valve replacement or recon-
struction of the ascending aorta (mean bias —0.05 °C, 95%
LoA +0.51 °C); Gémez-Romero et al. [26] compared the
ZHF thermometer to measurements from the PAC in 41
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Table 2 Comparison of ZHF, nasopharyngeal, bladder, rectal thermometers to pulmonary artery catheter
Mean (SD) (°C)* 95% LoA (°C)? Accuracy (95% CI)® LCCC (95% CI)* Percentage
error (%)%
All patients (n=40)
Zero-heat-flux —0.06 (0.45) —0.95;0.83 0.89 (0.82;0.96) 0.73 (0.72;0.74) 2.46
Nasopharyngeal —0.16 (1.43) —2.96;2.64 0.95 (0.91;1.00) 0.63 (0.59;0.67) 7.75
Bladder 0.18 (0.34) —0.49;0.86 0.92 (0.88;0.97) 0.79 (0.77;0.81) 1.86
Subset (n=34)
Zero-heat-flux —0.08 (0.47) —1.00;0.85 0.73 (0.60;0.86) 0.71 (0.70;0.72) 2.57
Nasopharyngeal —0.18 (1.56) —3.23;2.86 0.79 (0.67;0.92) 0.58 (0.57;0.60) 8.44
Bladder 0.17 (0.36) —0.54;0.88 0.78 (0.66;0.90) 0.76 (0.74;0.78) 1.96
Rectal 0.32 (0.43) -0.53;1.17 0.61 (0.48;0.73) 0.61 (0.57;0.64) 2.34

*Agreement was assessed using the Bland and Altman random effects method for repeated measures data, for the estimation of the mean bias,

standard deviation of the bias, and 95% limits of agreement [22]

"The percentage of correct measurements is estimated (defined as <0.5° difference with the gold standard), with a 95% confidence interval con-
sidering the multiple pairs of measurements per patient. Estimation was performed using a ratio estimator for the variance of clustered binary

data [21]
°Lin’s concordance correlation coefficient [23]

dPercentage error as defined in Montenij et al [24]

patients undergoing elective cardiac valve surgery (mean
bias +0.21 °C, 95% LoA £2.50 °C).

When comparing the results from the ZHF to the results
from the nasopharyngeal, bladder and rectal thermometers,
differences were small (especially considering a clinical
context). In this mixed cardiac surgical population, the
ZHF thermometer showed the best agreement with the PAC
measurements (mean bias —0.06 °C, 95% LoA +0.89 °C),
followed by the nasopharyngeal thermometer (mean
bias —0.16 °C, 95% LoA +2.50 °C), bladder (mean
bias+0.18 °C, 95% LoA +0.68 °C) and rectal thermometers
(mean bias+0.32 °C, 95% LoA +0.85 °C). In addition to

its accuracy, the big advantage of the ZHF thermometer is
being completely non-invasive compared to the (minimal)
invasiveness of the other thermometers. Complications with
currently used thermometers are rare but do occur, espe-
cially from nasopharyngeal probes and in children [27-29].
No complications occurred when using the ZHF thermom-
eter in our study. Considering the non-invasive character of
this thermometer, it also shows great promise in the field of
locoregional anesthesia but studies have yet to be performed
in this specific setting [18].

As mentioned earlier, unintended perioperative hypother-
mia should be avoided as it may cause complications [1].
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Fig.3 Bland—Altman plot of 5-
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Fig.4 Bland-Altman plot of 5-
bladder thermometer measure-
ments versus golden standard in 4
all patients
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While after cardiac arrest [30], traumatic brain injury [31]
or during cardiopulmonary bypass [32], therapeutic hypo-
thermia has long been considered beneficial, recent evidence
questions the value of hypothermia in these situations [33].
During our OPCAB procedures, while using an underbody
resistive heating mattress and covering the patient whenever
possible, we still recorded a temperature of less than 36.0 °C
in 30.5% of measurements.

On the other hand, deep hypothermic cardiac arrest
(DHCA) is still pursued during aortic arch surgery and
PTEA to protect heart and brain [34]. Debate remains which
grade and duration of hypothermia is considered safe [35],
and which thermometer best reflects core temperature during
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these rapid thermal perturbations and low temperatures. The
SpotOn™ device shows promise in assessing core tempera-
ture in the normothermic to mild hypothermic range, and
might even be useful in assessing core (or at least cerebral
cortex [36]) temperature during DHCA. Measurements of
questionable accuracy were however previously documented
during hypothermia below 32 °C [25] and further research
is warranted in these procedures.

Our study highlights some drawbacks of the clinical use
of the currently available (secondary) core thermometers.

The use of the PAC is limited mainly to specific cardiac
and transplant procedures [12], and is deemed inaccurate
during cardiopulmonary bypass considering the lack of
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Fig.5 Bland—Altman plot of 51
rectal thermometer measure-
ments versus golden standard in 4-
subset patients
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blood flow in the pulmonary artery and intermittent admin-
istration of cold cardioplegia solutions [11].

Placing a nasopharyngeal thermometer can also cause
complications, particularly nose bleeding (exacerbated when
giving heparin intraoperatively) [27]. When placed too deep,
it is easily dislocated when using transesophageal echogra-
phy which may explain the increased bias in our study.

The bladder thermometer seems most accurate in our
study, but bladder cannulation is not routinely indicated dur-
ing all types of anesthesia, has inherent risks and accuracy
is dependent of urinary flow rate [14].

Our study has some limitations. First, we decided for a
clinical study with the placement of the thermometers per-
formed by the standard surgical team, without checking the
exact depth of the nasopharyngeal thermometer (as this is
not routine practice). Second, our study population consists
mainly of men. Finally, when looking at the Bland—Altman
plots, we suspect a lag in rewarming of the different com-
partments after cardiopulmonary bypass, thus increasing
bias. The ZHF thermometer seems less susceptible to this
phenomenon compared to the other thermometers.

The major strength of this study is the clinical setting,
with the placement of the thermometers performed by the
normal surgical team to limit study bias.

5 Conclusion

In conclusion, the non-invasive SpotOn™ thermometer
reliably assessed core temperature during cardiac surgery
excluding cardiopulmonary bypass. It could be considered

an alternative for other currently available secondary
thermometers in the assessment of core temperature dur-
ing general anesthesia.

Its reliability in deep hypothermia and impact on clini-
cal outcome remains to be studied.
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