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v Intra Venous

ZHF Zero Heat Flux

MAC Minimum Alveolar Concentration

Min Minutes

GA General Anaesthesia

ASA American Society of Anaesthesiologist
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NIBP Non-invasive Blood Pressure
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SUMMARY

BACKGROUND

Perioperative Hypothermia is one of the adverse effects of General Anaesthesia,
especially in the pediatric age group, which may lead to undesirable effects. The
Pulmonary Artery Thermistor is the gold standard for core temperature monitoring. But
the usage of the gold standard modality might not be a feasible option in the pediatric
age group, especially in the case of patients undergoing non-cardiac or minor surgeries.
On the other hand, the Zero Heat Flux devices are well tolerated by awake pediatric
patients and are purely non-invasive. Hence, we planned this study to compare the ZHF

sensor with the Nasopharyngeal probe in children undergoing General Anesthesia.

METHOD

In this prospective, observational study, pediatric patients aged 1 to 12 years, who were
to undergo surgeries under General Anaesthesia were enrolled. Intraoperative core
temperature monitoring was done using both the ZHF device and the Nasopharyngeal
probe simultaneously. Core temperatures from both devices were recorded every 15

minutes.
RESULTS

In this study, the ZHF device is showing a statistically significant difference in
temperature reading when compared to the Nasopharyngeal probe till 90 minutes, but
there is no clinically significant difference. Core temperature readings after 90 minutes
are not showing any statistical or clinically significant difference in both devices. The
correlation coefficient between the ZHF and the Nasopharyngeal device is 0.928,
showing that the ZHF sensor is having an acceptable accuracy for usage in clinical

settings.

CONCLUSION

We conclude that for perioperative core temperature monitoring in pediatric patients
undergoing General Anaesthesia, the Zero Heat Flux sensor showed a significant
agreement with the Nasopharyngeal probe.
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INTRODUCTION

General Anaesthesia can impair the thermoregulatory response and may contribute to
perioperative hypothermia, more so in children. Intraoperative monitoring of core body
temperature is thus recommended in General Anaesthesia lasting more than 30 min?
Maintenance of core body temperature in the intraoperative period is a great challenge in the
paediatric population, who are quite vulnerable to temperature variations due to various
reasons. When compared to adult patients, paediatric patients lose a disproportionate amount
of the core temperature via conduction and radiation' Due to their thin skin and the fact that

children have a higher body surface area than adults, evaporative losses are also substantial. 2

Inadvertent hypothermia during the perioperative period is associated with complications such
as impaired coagulation, greater blood loss, increased cardiac morbidity, higher incidence of
wound infections, and patient discomfort. Hence, adequate perioperative measurement of core

temperature is a prerequisite.®

The Pulmonary artery catheter is the gold standard for intraoperative core temperature
monitoring. Alternative sites for core temperature measurements include the tympanic
membrane, the esophagus, the nasopharynx and the bladder.* Except for pulmonary artery
catheter which is an invasive technique, all the other methods mentioned are semi-invasive
techniques. The monitoring of core temperature prior to anaesthesia induction is rarely possible
with any of these devices. Non-invasive methods, such as sublingual devices, can be used on
conscious individuals and offer rather excellent accuracy, but they usually won't enable

continuous monitoring.®

Zero heat flux (ZHF), which was developed in 1973 and has been compared with other sensors,
is a unique method of monitoring core temperature from the surface of the skin.>® The ZHF
system is based on the concept that as long as the core temperature is higher than the skin
temperature, heat will transfer from the core to the skin surface. The sensor used by the ZHF
system is composed of a thermometer that is fixed directly to the skin's surface, an insulation
layer placed over it, a second thermometer, and finally a servo-controlled heater.>'° The heater

is programmed in such a way that the temperature difference measured by the two



thermometers is maintained as zero. In this ZHF system, since there is no temperature gradient,
we can infer that the subcutaneous temperature is identical to the surface temperature that was

measured, and we use this temperature as a proxy for the core body temperature?

The present study aims to compare the ZHF sensor with the Nasopharyngeal probe with respect
to their correlation, accuracy and precision in paediatric population undergoing surgery under

General Anaesthesia.
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AIMS & OBJECTIVES

Al

To assess and compare the intraoperative core temperature monitoring by Zero Heat Flux
(ZHF) device and Nasopharyngeal probes in children

OBJECTIVES

e PRIMARY : To compare the methods of temperature monitoring between ZHF and
Nasopharyngeal temperature monitoring devices.

e SECONDARY: To monitor any side effects
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REVIEW OF LITERATURE

1. Westnetal (2019) conducted the study on Zero-heat-reflux core temperature monitoring
system: an observational secondary analysis in adult population to evaluate agreement with
naso-/oropharyngeal probe during anaesthesia. Data were collected in 194 patients with
procedures lasting 120 (89-185) min. The ZHF measurements had a mean bias of -0.05C
with 95% limits of agreement within -0.68 to +0.58 degree Celsius. They concluded that
core body temperature obtained with Bair Hagger ZHF — based monitoring system
demonstrated moderate agreement with temperature from standard naso-/oropharyngeal

temperature probes.

2. Carvalho H et al (2019) conducted a prospective study on Intraoperative temperature
monitoring with cutaneous zero -heat -flux thermometry in comparison with oesophageal
temperature in paediatric population. Esophageal temperature probe and SpotOn sensor
were placed after induction of anaesthesia. Temperature was then recorded in pairs per 1-
minute intervals. The study concluded that SpotOn has been shown to be as accurate as
oesophageal temperature probe when estimating central core temperature.

3. lden T et al (2015) conducted an observational study in adult population were they aimed
to evaluate the new temperature sensor (3M SpotOn) and compare it with sublingual and
nasopharyngeal sensors in terms of correlation, accuracy and precision. Among one
hundred and twenty patients enrolled, analysis of 83 data sets revealed that 3M SpotOn
temperatures were almost identical to that of nasopharyngeal temperatures and little lower
than sublingual temperatures. Thus the study arrived at a conclusion that 3M SpotOn sensor
using the ZHF method is an adequate, non-invasive, single-use device for temperature

monitoring.

4. Morettini E etal (2019) conducted a prospective study in children aged <18yrs undergoing
urological surgeries on Intraoperative core temperature monitoring to assess the accuracy
and precision of ZHF controlled servo sensor compared with esophageal temperatures.
Data analysis have shown that the ZHF temperature probe has demonstrated an acceptable

clinical concordance compared to esophageal probe and can possibly replace the



esophageal probe for core temperature measurements in patients undergoing elective

urologic and abdominal major surgeries.

Boisson M et al (2018) conducted a prospective observational study on Intra-operative
cutaneous temperature monitoring with ZHF technique in comparison with oesophageal
and arterial temperature in adults undergoing major abdominal surgeries. Statistical
analysis showed that the esophageal temperature bias and limits of agreement for ZHF
temperatures were 0.1+/- 0.5 degree Celsius during slow core temperature changes periods
and 0.6+/-1.8 degree Celsius during RCTC periods. When compared to Arterial
temperatures, these values were 0.1+/-0.4 and 0.5+/-1.7 degree celsius. The study
concluded that — A SpotOn sensor using ZHF method is reliable for core temperature
monitoring during abdominal surgery when the variations in temperature are slow rather

than rapid.

Conway A et al (2020) conducted a systemic review and meta analysis among adults on
Accuracy and precision of ZHF temperature measurements with the 3M Bair Hugger
Temperature monitoring system. 16 studies were included in the meta analysis having data
from 952 participants with 3,14,137 paired measurements. The systematic review was
suggestive that the ZHF temperature monitoring device has temperature readings as much

as 1 degree Celsius higher or lower than core temperature.

Jack JM et al (2019) conducted a study in patients aged over 18 years to determine the
accuracy of zero-flux and ingestible thermometers in peri-operative settings. 30 patients
were then recruited to the study, data analysis done showed mean+/- SD duration per
subject was 84+/-46 min, with a total of 2511 measurements made with both devices. The
study concluded that ZHF device is to be a reliable, practical and accurate continuous
measure of core temperature during elective surgeries that could potentially be used for

awake patients as it is a non-invasive technique.

Brajkovic D et al (2005) conducted a study which evaluated a zero heat flux non-invasive
temperature probe for the in-vivo measurements of resting muscle temperature of 8 male
subjects for up to 2cm below the skin surface. They concluded that ZHF probe will not
provide an absolute measurement of thigh muscle temperature up to 2cm below the skin

surface.
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Yamakage M et al (2005) conducted a study among adult population undergoing general
anesthesia on deep temperature monitoring using a ZHF method . The study evaluated and
considered regarding the application of a thermal insulator over a large area of the skin
surface might be more effective than the smaller area of the current version in bringing the
surface temperature close to that of deep tissues. They concluded that the non-invasive deep
temperature thermometer using the zero-heat-flow method enables measurement of the

deep body temperature indirectly from intact skin surface.

Pesonen E et al (2018) conducted a study on The focus of temperature monitoring with
zero-heat-flux technology (3M Bair-Hugger): a clinical study with patients undergoing
craniotomy. The temperature readings obtained 15 min post induction for nasopharyngeal
probe was 36.1+/-0.5 degree Celsius and corresponding ZHF temperature was 36.5+/-0.4
degree Celsius. Gradually the ZHF temperature declined and approximately 45min after
anaesthesia induction, it was almost similar to that of nasopharyngeal temperature readings.
The study concluded that the Bair Hugger ZHF system operates with good agreement with

other modalities of core temperature monitoring.

Tachibana S et al (2019) conducted a pilot study on temperature monitoring in adults
undergoing general anesthesia using the Blair Hugger system in neck and chest regions. 30
female patients were included in the study and the participants were then divided into three
groups- the forehead group, neck group and anterior chest group according to different sites
of attachment of BHTMS sensor. Study concluded that it is possible to monitor core body

temperature seamlessly with the BHTMS in the neck region.

Sessler DI et al (2008) conducted a study on temperature monitoring and perioperative
thermoregulation in adults undergoing general anesthesia and concluded that core
temperature, while by no means completely characterizing body heat content and

distribution ,is the best single indicator of thermal status in humans

Nemeth M et al (2020) conducted an observational study in 100 infants and young children
to assess the reliability of zero-heat-flux thermometry when compared to esophageal
temperature probe. Data analysis showed that ZHF system had a mean bias of +0.26 degree
Celsius(95% CI +0.22 degree Celsius to +0.29 degree Celsius) when compared with the

standard esophageal probes used for core temperature monitoring . The study concluded



14.

15.

16.

17.

18.

that the risk of perioperative hypothermia may be underestimated and at the same time, the

risk of hyperthermia may be overestimated.

Sang BH et al (2022) did a prospective comparative analysis of noninvasive body
temperature monitoring using zero heat flux technology(SpotOn sensor) compared with
esophageal temperature monitoring in pediatric surgery patients. 49 patients aged 1-8 years
with ASA I/11 were recruited. Pearson rank correlation between esophageal and axillary
pairs gave a correlation coefficient (r) of 0.89 (95% CI 0.87 -0.91). They came to a
conclusion that SpotOn sensor showed high correlation with the esophageal probe in

pediatric patients.

Brauer A et al (2020) A prospective, observational study was done comparing core
temperatures measured with Zero heat flux thermometer and bladder catheter against blood
temperature in 50 critically ill patients. They concluded that the zero-heat-flux and bladder

temperatures were almost identical, thus suitable for clinical use.

Hart D et al (2020) A prospective observational quality improvement project was done
comparing non-invasive zero-heat-flux with traditional core temperature measurements in
the emergency department. 268 patients were included in the study and the mean
temperatures were 36.6 degree Celsius for Tcore and 36.3 degree Celsius for Tznr. Study

concluded that temperature variations increased with increase in body temperature.

Kollmann Camaiora A et al (2018) conducted a comparative study for validation of Zero-
heat-flux thermometer with esophageal core temperature in major gynecological surgeries
in monitoring intraoperative core temperature.70 patients were recruited for the study and
66 patients data were analysed. They concluded that there is a high overall correlation

between the SpotOn and the esophageal probes.

Aksu Erdost H et al (2021) conducted an observational study comparing Zero heat flux
technology with tympanic and esophageal temperatures for intraoperative temperature
monitoring. They concluded that the zero heat flux method provided temperature

measurements comparable with esophageal temperature measurements.
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Shell Chaple HM et al (2018) conducted a prospective observational study comparing
Forehead core temperatures using SpotOn with rectal & bladder temperatures. 38 patients
were recruited to the study and the differences in temperatures were within +/- 0.5 degree
Celsius in both groups. The study concluded that the SpotOn system has good agreement
and can be considered as potential alternative for non-invasive monitoring of core

temperature.

Dahyot Fizelier c et al (2017) did a study to compare the accuracy of zero heat flux method
to esophageal temperature and arterial temperature in Intensive care patients. Bias and
limits of agreement for temperature using zero-heat-flux were 0.19C+/- 0.53<C when
compared to esophageal temperatures. They concluded that temperature measurements
with cutaneous sensor using zero heat flux method is a reliable alternative measure for

temperature monitoring in intensive care patients.

Jack JM et al (2019) conducted a study to determine the accuracy of zero-flux and
ingestible thermometers in the peri-operative setting. Thirty patients undergoing surgical
procedures under general anaesthesia were included in the study. The study concluded that
zero-flux thermometer is accurate and reliable for clinical use but the ingestible sensors are

not.

Lauronen SL et al (2022) conducted a study on Zero heat flux and double sensor (DS),
which are non-invasive methods that measure the core temperature from forehead skin.
Sixty patients were recruited and divided into two groups of thirty patients each. They
concluded that the mean difference between ZHF and DS temperatures increased as the

core temperature decreased.

Bisonnette B (1992) in a review article mentioned the importance of temperature
monitoring in pediatric anesthesia. The article discuss regarding the major causes of
perioperative hypothermia and the importance of maintenance of normothermia during
intraoperative period. Article also mentioned that perioperative hypothermia can be
decreased by prewarming the skin surface before induction of anesthesia, warming the

operating room, humidifying the airway, and by warming intravenous fluids.

Lee SY et al (2020) conducted a study to determine the risk factors of hypothermia and to
determine the effectiveness of ongoing interventions in the pediatric population. 869
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patients (<16 years of age) undergoing emergency or elective surgeries were recruited in
the study. Statistical analysis were done to identify the risk factors of hypothermia. The
study concluded that intraoperative core temperature monitoring and active forced-air
warming are ideal measures to prevent hypothermia along with occlusive dressings and

maintenance of ambient OT temperature.

Bindu B et al (2017) published a review article emphasizing the importance of temperature
management under General Anesthesia. The article discuss regarding the basic physiology
of thermoregulation, effects of anesthesia, different temperature monitoring devices,
guidelines for intraoperative temperature management and inadvertent temperature

complications like hypothermia and hyperthermia.



JUSTIFICATION OF THE STUDY

Literature reveals that the Zero Heat Flux sensor has been found comparable to the
Nasopharyngeal probe in adults for measurement of core body temperature intraoperatively.
To the best of our knowledge, there is no single study comparing the ZHF sensor and
Nasopharyngeal probe in children, hence we planned this study



MATERIALS &
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MATERIALS & METHODS

STUDY SETTING:

This observational study was conducted in the Department of Anesthesiology and Critical Care,
AIIMS, Jodhpur after getting approval from Institutional Ethical Committee (IEC Ref.No:
AIIMS/IEC/2021/3321) and registration in CTRI (Reg.No:CTRI1/2021/06/034389). Written
informed consent was obtained from parents/ guardians of children and assent was taken from
children >7 years of age. Intraoperative temperature monitoring of paediatric population aged
1-12years was done with ZHF and Nasopharyngeal temperature probes simultaneously,

admitted for elective surgeries under General Anaesthesia in AIIMS Jodhpur.

STUDY DESIGN:

Prospective, Observational Study

STUDY PARTICIPANTS:

INCLUSION CRITERIA:

e Paediatric patients of age 1-12 years, ASA grade I/1l undergoing elective surgeries

under General Anaesthesia for a period of >30min



EXCLUSION CRITERIA:

Refusal of informed consent/ assent

Fragile forehead skin.

Known allergy to probe adhesive or any constituent components.

Procedures impending proper placement of ZHF sensor (Eg: Head & Neck surgeries)
Coagulopathy.

Hemodynamic instability.

Neurologically impaired children with abnormal thermoregulation.

Emergency surgery

© o N o gk~ wbhPE

Fever or infection



METHODOLOGY

After approval from Institute’s ethical committee, children of age group 1-12 years, ASA grade

I/11 , undergoing surgeries lasting >30min were recruited into the study. PAC (Pre Anesthetic
Check-up) was done a day prior to scheduled elective surgery. After written informed consent
taken from the parents or local guardian and assent from children >7 years of age, patient
temperature was monitored intraoperatively with two monitoring devices:ZHF (3M SpotOn)

and Nasopharyngeal probe simultaneously.

Fasting was ensured as per the Institution's protocol. All patients were taken to Operation
theatre after premedication with 1.V midazolam (0.025 to 0.05mg/kg) and ketamine
(0.5mg/kg). OT room temperature was standardized through central AC control to 25degree
Celsius. All standard ASA monitoring including electrocardiography (ECG), Pulse oximetry
(Sp0O2), Non-invasive blood pressure(NIBP) and temperature probe was applied. Intravenous
fluid was administered through fluid warmer set at a temperature of 37 degrees C. An
Endotracheal tube or I gel will be inserted after induction of General Anaesthesia. Patients will
be actively warmed during surgery using a forced air warming unit (3M Bair Hugger Patient
Warmer-675).

After induction of anesthesia, both the probes will be applied: 3M SpotOn sensors and
Nasopharyngeal probe. The data obtained will be entered in -spreadsheet and will be analyzed.

3M SpotOn sensor will be attached to the forehead after wiping the forehead with
chlorohexidine using the ZHF method. Nasopharyngeal probe will be inserted through the
roomier nostril after applying LA gel at its tip till it is placed in nasopharynx.

Temperature monitoring will be monitored continuously and simultaneously for both the
probes. The data will be recorded in the proforma after every 15 min starting at 0, 15 min, 30
min, 45 min, 60 min, 75 min, 90 min, 105 min, 120 min, till the end of surgery. All these probes

will be removed before emergence of the patient from GA.



A

ZHF DEVICE PLACED OVER FOREHEAD AND NASOPHARYNGEAL PROBE
PLACED IN POSITION (INTRAOPERATIVE IMAGE)




SAMPLE SIZE AND STATISTICAL ANALYSIS PL AN:

The study will be time-bound, for a duration of 15 months [ Jan 2021 - May 2022] conducted
in the Pediatric population aged 1-12yrs undergoing General Anaesthesia in AIIMS, Jodhpur

Descriptive statistics were done using mean with standard deviation for quantitative variables,
and categorical variables were presented in frequencies along with respective percentages. The
statistical comparisons for quantitative variables were done using Student’s t-test and for
categorical variables, the Chi-square test was used according to the data. All statistical analyses
were performed using SPSS software (Version 22, SPSS Inc., Chicago, IL, USA). All analyses
were two-tailed, and results were discussed on a 5% level of significance, i.e., P < 0.05 was
considered statistically significant. Correlations between the Zero Heat Flux device and

Nasopharyngeal probe were evaluated using Pearson correlation coefficient analysis.
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OBSERVATION & RESULTS

This prospective observational study was conducted in the Department of Anaesthesiology and

Critical Care, AIIMS, Jodhpur on 150 children of age group 1 to 12 years with ASA physical

status | or 11 of either sex.

ANALYSIS

INCLUSION

Assessed for eligibility

-

Included (n=150)

{

Included in the study and according
to study criteria (n=150)

e Age: 1-12 years
e ASAI/I
e Under General Anaesthesia

J

Excluded

Refusal of informed
consent/ assent
Fragile forehead skin.
Known allergy to
probe adhesive or any
constituent
components.
Procedures
impending proper
placement of ZHF
sensor
Hemodynamic
instability.
Neurologically
impaired children
with abnormal
thermoregulation.
Emergency surgery
Fever or infection

Analyzed (n=150)

STROBE FLOW DIAGRAM




TABLE 1: AGE & WEIGHT DISTRIBUTION OF THE STUDY GROUP

MEAN SD
AGE 5.27 3.49
WEIGHT 18.34 9.17

In this study, the mean age of patients is 5.27 +/- 3.49. The Mean weight of patients in the study
is 18.34 +/-9.17

' 20
18.34

18

16
14
12
10

o N B O ©

AGE WEIGHT ‘

FIGURE 1: MEAN AGE & WEIGHT DISTRIBUTION




TABLE 2: GENDER DISTRIBUTION IN THE STUDY GROUP

SEX NO. %
MALE 131 87.33
FEMALE 19 12.66
TOTAL 150 100.00

In this study, the number of males and females enrolled in both ( ZHF and Nasopharyngeal)
groups were 131 (87.33%) and 19 (12.66%) respectively

Female
12.66%

Male
87.34%

Male ® Female

FIGURE 2: GENDER DISTRIBUTION IN THE STUDY GROUP



TABLE 3: COMPARISON OF TEMPERATURE READINGS BETWEEN THE
ZERO HEAT FLUX DEVICE AND NASOPHARYNGEAL DEVICES

Nasopharyngeal ZHF
Mean SD Mean SD
15 min 36.35 0.35 36.57 0.35
30 min 36.38 0.36 36.57 0.36
45 min 36.37 0.40 36.57 0.39
60 min 36.45 0.42 36.57 0.39
75 min 36.38 0.44 36.57 0.44
90 min 36.40 0.42 36.59 0.44
105 min 36.47 0.43 36.64 0.40
120 min 36.55 0.47 36.74 0.41
135 min 36.56 0.49 36.71 0.43
150 min 36.36 051 36.49 0.39
165 min 36.46 0.40 36.65 0.34
180 min 36.55 0.49 36.60 0.28
195 min 36.65 0.64 36.65 0.35

In this study, the mean difference between the readings of the Zero Heat Flux device and the
Nasopharyngeal probe decreases as time progresses. The mean readings at 195" minute are
almost similar for the ZHF device (36.65+/-0.64 °C) and the Nasopharyngeal probe (36.65+/-
0.35).



NASOPHARYNGEAL

15 min 30 min 45 min 60 min 75 min 90 min 105 min120 min135 min150 min 165 min180 min195 min

FIGURE 3: COMPARISON BETWEEN MEAN TEMPERATURE READINGS OF
THE ZHF DEVICE & THE NASOPHARYNGEAL PROBE



TABLE 4: PEARSON CORRELATION COEFFICIENT (r) (95% CONFIDENCE

INTERVAL)
Time (min) NASOPHARYNGEAL and ZHF
15 min 0.9331 (-0.2414 to -0.1999)
30 min 0.902 (-0.2218 t0 -0.1702)
45 min 0.926 (-0.2046 to -0.1488)
60 min 0.875 (-0.1703 to -0.1154)
75 min 0.948 (-0.1533 to -0.08774)
90 min 0.948 (-0.145 to -0.06879)
105 min 0.915 (-0.1026 to -0.01736)
120 min 0.940 (-1.546 to 4.246)
135 min 0.960 (-0.04225 to 0.008919)
150 min 0.873 (-0.3381 to 0.08814)
165 min 0.845 (-0.4437 to 0.2437)
180 min 1 (-1.956 to 1.856)
195 min 1 (-2.541 to 2.541)

In this study, Analysis of the Pearson rank correlation between the Zero Heat Flux and the

Nasopharyngeal pairs showed a correlation coefficient (r)of 0.928.




TABLE 5: DIFFERENCE BETWEEN MEAN TEMPERATURE READINGS OF ZHF
AND NASOPHARYNGEAL PROBES

NASOPHARYNGEAL ZHF DIFFERENCE

15 min 36.35 36.57 0.22
30 min 36.38 36.57 0.19
45 min 36.37 36.57 0.2
60 min 36.45 36.57 0.12
75 min 36.38 36.57 0.19
90 min 36.4 36.59 0.19
105 min 36.47 36.64 0.17
120 min 36.55 36.74 0.19
135 min 36.56 36.71 0.15
150 min 36.36 36.49 0.13
165 min 36.46 36.65 0.19
180 min 36.55 36.6 0.05
195 min 36.65 36.65 0

In this study, the maximum difference between the means of the ZHF sensor and the
Nasopharyngeal probe is 0.22°C and the average difference between both modalities is
0.15°C

15 min 30 min 45 min 60 min 75 min 90 min 105 Mmin 120 min 135 min 150 min 165 min 180 min 195 min

FIGURE 4: DIFFERENCE OF MEAN TEMPERATURE READINGS OF ZHF
SENSOR & NASOPHARYNGEAL PROBE



TABLE 6: COMPARISON OF DIFFICULTIES FACED ON PLACEMENT OF ZHF
AND NASOPHARYNGEAL DEVICES

Number of Cases Percentage
NO ISSUES 139 92.6
ZHF ADHESIVE ISSUE 10 6.67
ZHF SENSOR ERROR 1 0.67
Grand Total 150 100.00

In this study, no issues were encountered in 139 cases (92.6%) during the placement of either
the ZHF device or the Nasopharyngeal probe. ZHF adhesive issue occurred in 10 cases (6.67%)

and ZHF sensor error occurred in 1 case (0.67%) while placement of the probe.

NO ISSUES ~ m ZHF ADHESIVE ISSUE ~ m ZHF SENSOR ERROR

FIGURE 5: COMPARISON OF DIFFICULTIES FACED ON PROBE/ DEVICE
PLACEMENT



TABLE 7: INTERRUPTIONS FACED DURING PERIOPERATIVE
TEMPERATURE MONITORING

Row Labels Number of Cases Percentage
NONE 136 90.6
NP PROBE DISPLACEMENT 2 1.33
ZHF SENSOR ERROR 12 8.00
Grand Total 150 100.00

In this study, no interruptions were encountered during the perioperative period in 136 cases
(90.6%). Nasopharyngeal probe displacement occurred in 2 cases (1.33%) and ZHF sensor

error occurred in 12 cases (8%)

NONE  ® NP PROBE DISPLACEMENT

FIGURE 6: INTERRUPTIONS FACED DURING TEMPERATURE MONITORING

TABLE 8: SIDE EFFECTS / PATIENT DISCOMFORT DUE TO ZHF PLACEMENT

M ZHF SENSOR ERROR

ZHF
SIDE EFFECTS /ALLERGY NIL
PATIENT DISCOMFORT FACED NIL

In this study, no side effects/allergies were reported in any patients due to the ZHF probe

placement over the forehead.
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DISCUSSION

Pediatric patients undergoing General Anesthesia are more likely to experience intraoperative
hypothermia when compared to adult patients. Perioperative normothermia is an essential
quality indicator for pediatric anesthesia. Hence core temperature should be continuously
monitored during the intraoperative period and a core temperature measurement technique

needs to be precise, clinically accurate, and minimally invasive.

As per previous literature, the Zero Heat Flux technique is an adequate non-invasive method
for core temperature monitoring during the intraoperative period (West et al* and Nemeth et
al'®). Multiple studies are conducted comparing the ZHF system with other invasive and non-
invasive core temperature monitoring modalities. But, to the best of our knowledge, there was
no study directly comparing the ZHF system with the Nasopharyngeal device in pediatric
patients undergoing General Anesthesia. There was a similar study by West et al * comparing
the ZHF device with both the Nasopharyngeal and the Oropharyngeal devices in the adult
population aged 18-85 years. In another study, Sang BH et al 2> compared the Zero Heat Flux
technology (SpotOn sensor) with an esophageal temperature monitoring device in pediatric
patients aged 1 to 8 years and mentioned the strong agreement of the ZHF probe with the

Esophageal probe.

The following is a summary of the study’s principal conclusions. In this study, the ZHF device
is showing a significant difference in temperature readings when compared to the
Nasopharyngeal probe till 90 minutes in terms of p-value and not the absolute values. But after
90 minutes, the p-value is >.05, suggesting that there is no significant statistical difference
between the Zero Heat Flux device and the Nasopharyngeal devices. A low correlation existed
between the SpotOn sensor and the esophageal probe at the start of the measurement. This
could be because it takes some time for the ZHF technology to build an isothermic tunnel,
making the surface and core temperatures equal (Sang BH et al??). There is a maximum mean
difference of +/-0.22 degree Celsius between the Zero Heat Flux and the Nasopharyngeal
probes. The findings are in agreement with a similar study by Nemeth M et al 13, in his study
comparing the 3M Bair Hugger™ Temperature Monitoring System to a well-accepted
reference for measuring temperature in the distal esophagus revealing a mean bias of +0.26 °C
(95%-CI +0.22 °C to +0.29 °C). With these findings, one might draw the conclusion that the



two measurement techniques (ZHF device and Nasopharyngeal probe) have clinically

acceptable accuracy.

The ZHF temperature readings are higher than the Nasopharyngeal probe, until they
approximate the latter as time progresses. There is a mean bias of +0.15 °C and a maximum
bias of +0.22 °C in ZHF readings. Nemeth M et al. mentioned similar findings in their study,
with a mean bias of +0.26 °C in ZHF readings. As a result of this evident bias in ZHF readings,
the chance of hypothermia may be understated while the risk of hyperthermia may be

overstated.

Although there is a statistically significant difference between the ZHF device and the
Nasopharyngeal device till 90 minutes, with a maximum mean difference of +/-0.22 degrees
Celsius, this difference is not clinically significant. For the purpose of measuring body
temperature, temperatures within limits of 0.5 °C are typically considered to show clinically
significant agreement (Sessler et al 1> and West et al %).

In this study, the correlation coefficient between the Zero Heat Flux and the Nasopharyngeal
probe was 0.928, showing an acceptable correlation between the two devices. Sang BH et al?
in his study had a similar finding with a correlation coefficient of 0.93 between the SpotOn and
esophageal probes. In view of these findings, it can be said that the ZHF sensor has acceptable
accuracy to measure core body temperature in pediatric patients undergoing General

Anaesthesia.

No issues were faced during probe placement in 139 cases (92.6%). The ZHF probe adhesive
issues were faced in 10 cases (6.67%) and ZHF sensor issues in 1 case (0.67%) (Table 5). Probe
adhesive issues were mostly seen with probes that were used multiple times and the same
applies to the sensor error. Sensors were changed in all the above-mentioned cases. On the

other hand, no difficulty was encountered in probe placement with the Nasopharyngeal probe.

During the perioperative period, no interruptions occurred in temperature monitoring in 136
patients (90.6%). Nasopharyngeal probe displacement occurred in 2 cases (1.33%) and ZHF
sensor error in 12 cases (8%) (Table 6). The ZHF sensor issues were resolved once the defective
sensors were replaced and most of these were related to the multiple uses of these sensors. In
this study, compared to the ZHF device, issues during probe placement and interruptions in
perioperative temperature monitoring were fewer with the Nasopharyngeal probe. Although

very few issues were encountered with the use of Nasopharyngeal probes in this study, they



are not risk-free either; for instance, nasal probes have been linked to nasal bleeds and might

not be a good option for people with coagulation abnormalities (West et al 1)

In this study, no side effects were observed with the placement of the ZHF device in pediatric
patients (Table 7). Patient discomfort was not reported in the immediate postoperative period
with the placement of the ZHF device over the forehead and no local/ systemic reactions were
observed in the perioperative and postoperative periods (Table 8). Findings are in agreement
with the previous study by West et al * who observed that the ZHF sensor is simple to use and
is well accepted by conscious patients before and after surgery. The findings signify that the
ZHF probes can be used safely in the pediatric age group. A non-invasive device like the ZHF
sensor will be better tolerated than other invasive core temperature monitoring modalities,

especially in awake patients belonging to the pediatric age group.
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CONCLUSION

We conclude that the Zero Heat Flux sensor demonstrated a strong correlation with the
Nasopharyngeal probe for perioperative core temperature monitoring in pediatric patients
undergoing surgery under General Anesthesia. With no side effects observed, ZHF can be
considered a better alternative to the Nasopharyngeal for intraoperative core temperature

monitoring in pediatric patients.

RECOMMENDATION

Zero Heat Flux (3M SpotON) sensor can be used as a single-use, non-invasive device for core
temperature monitoring in pediatric patients undergoing General Anesthesia.

LIMITATION

1. We did not correlate the ZHF device with a gold standard core temperature monitoring
device
2. Patients in this study were not subjected to various levels of hypo/hyperthermia, which

is a crucial component in evaluating a core body temperature monitor.
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ANNEXURE 1

All India Institute of Medical Sciences
Jodhpur, Rajasthan
Informed Consent Form
Title of Dissertation : COMPARISON OF INTRAOPERATIVE TEMPERATURE

MONITORING BY ZHF DEVICE AND NASOPHARYNGEAL TECHNIQUES IN
PEDIATRIC PATIENTS: A PROSPECTIVE , OBSERVATIONAL STUDY

Name of PG Student : Dr.Navin Vincent
Telephone no : 8921920414

Patient/\VVolunteer Identification No. :

I, F/o or M/o
R/o
give my full, free, voluntary consent for my child to be a part of the study “COMPARISON

OF INTRAOPERATIVE TEMPERATURE MONITORING BY ZHF DEVICE AND
NASOPHARYNGEAL TECHNIQUES IN PEDIATRIC PATIENTS: A
PROSPECTIVE , OBSERVATIONAL STUDY”

the procedure and nature of which has been explained to me in my own language to my full

satisfaction. | confirm that | have had the opportunity to ask questions.

I understand that my child’s participation is voluntary and | am aware of my right to opt out of the
study at any time without giving any reason.

I understand that the information collected about my child and any of my child’s medical records may
be looked at by responsible individual from AIIMS Jodhpur or from regulatory authorities. | give
permission for these individuals to have access to my child’s records.

Date :

Place : Signature/Left thumb impression

This to certify that the above consent has been obtained in my presence.
Date :

Place : Signature of PG Student
Witness 1 2. Witness 2
Signature Signature
Name: Name:

Address : Address :
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ANNEXURE 3
PATIENT INFORMATION SHEET

. Risks to the patients: No interventions or life-threatening procedures will be done.

. Confidentiality: Your participation will be kept confidential. Your medical records will be
treated with confidentiality and will be revealed only to doctors/ scientists involved in this
study. The results of this study may be published in a scientific journal, but you will not be
identified by name.

. Provision of free treatment for research-related injury. Not applicable.

. Compensation of subjects for disability or death resulting from such injury: Not Applicable

. Freedom of the individual to participate and to withdraw from the research at any time

without penalty or loss of benefits to which the subject would otherwise be entitled.

. You have complete freedom to participate and to withdraw from the research at any time

without penalty or loss of benefits to which you would otherwise be entitled.

. Your participation in the study is optional and voluntary.

. The copy of the results of the investigations performed will be provided to you for your

record.

. You can withdraw from the project at any time, and this will not affect your subsequent

medical treatment or relationship with the treating physician.

Any additional expense for the project, other than your regular expenses, will not be

charged from you.
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ANNEXURE 5

ASSENT

Thesis Title: COMPARISON OF INTRAOPERATIVE TEMPERATURE
MONITORING BY ZHF DEVICE AND NASOPHARYNGEAL TECHNIQUES IN
PEDIATRIC PATIENTS: A PROSPECTIVE, OBSERVATIONAL STUDY

Investigator: Dr. Navin Vincent
We are doing a research study about COMPARISON OF INTRAOPERATIVE

TEMPERATURE MONITORING BY ZHF DEVICE AND NASOPHARYNGEAL
TECHNIQUES IN PEDIATRIC PATIENTS: A PROSPECTIVE, OBSERVATIONAL
STUDY

A research study is a way to learn more about people. You know about the
procedure, things that take time, other risks, discomforts, etc. Not everyone who takes part
in this study will benefit. A benefit means that something good happens to you.

If you do not want to be in this research study, we will tell you what other techniques of
anaesthesia there are for you.

When we are finished with this study we will write a report about what was learned. This
report will include your name & that you were in the study. You do not have to be in this
study if you do not want to be. If you decide to stop after we begin, that’s okay too. Your
parents know about the study too.

If you decide you want to be in this study, please sign your name.

L, , want to be in this research study.

(signature of patient) (Date)

Signature of PG Student

Witness 1 Witness 2
Signature Signature
Name: Name:

Address : Address :
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ANNEXURE 7

PROFORMA
S.No. Date:

Thesis Title : COMPARISON OF INTRAOPERATIVE TEMPERATURE
MONITORING BY ZHF DEVICE AND NASOPHARYNGEAL TECHNIQUES IN
PEDIATRIC PATIENTS: A PROSPECTIVE , OBSERVATIONAL STUDY

IPD Serial no/Sticker:
Age : Sex: Weight:

Ambient OT temperature:

Type of Anaesthesia

Type of Surgery

Duration of surgery

Temperature of 1V fluid

Warmer : Yes/ No Set Temperature of warmer:

Monitoring started at : Temp:

3M SpotON Nasopharyngeal

15min
30min
45min
60min
75min
90min
105min
120min

Difficulties faced in device/probe placement :

Any interruption faced during monitoring :

Any side effects / adhesive allergy due to probe/device placement:
Patient discomfort reported if any :
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