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ABSTRACT
Objective: To verify the correlation between temperature measurements performed 
using an infrared tympanic thermometer and an esophageal thermometer during the 
intraoperative period. Method: A longitudinal study of repeated measures was performed 
including subjects aged 18 years or older undergoing elective oncologic surgery of the 
digestive system, with anesthesia duration of at least 1 hour. Temperature measurements 
were performed simultaneously by a calibrated esophageal thermometer and by a 
calibrated infrared tympanic thermometer, with laboratory reading precision of ±0.2°C. 
The operating room temperature remained between 19 and 21°C. Results: The study 
included 51 patients, mostly men (51%), white (80.4%). All patients were kept warm 
by a forced-air heating system, for an average of 264.14 minutes (SD = 87.7). The two 
temperature measurements showed no different behavior over time (p = 0.2205), however, 
tympanic measurements were consistently 1.24°C lower (p<0.0001). Conclusion: The 
tympanic thermometer presented reliable results but reflected lower temperatures than 
the esophageal thermometer.
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INTRODUCTION
Intraoperative hypothermia, defined as body temperature 

lower than 36°C during an anesthetic-surgical procedure, 
should be a constant concern of the multiprofessional team due 
to its high frequency and association with several complications 
that affect patient recovery, among them being: alteration of 
drug metabolism; increase in the metabolic demand promoted 
by the occurrence of postoperative chills; and predisposition to 
changes in the coagulation cascade and platelet function(1-3).

In order to prevent the occurrences mentioned above, 
scientific literature has explored the need for continuous and 
systematic use of warming measures during the periopera-
tive period(4-6); however, in order to ensure patient safety 
regarding the adopted measures, a precise body temperature 
measurement is needed.

Currently, different forms of temperature measurement 
are available which can indicate core or peripheral tempera-
ture, as well as instruments that provide core temperature 
measurements, meaning those that indicate the temperature 
of the carotid artery blood supply, being responsible for the 
blood supply to the organism’s thermoregulatory center 
(the  hypothalamus)(4,7).

In general, methods that indicate core body tempera-
ture are invasive, and for this reason they are associated 
with a greater number of complications and/or infectious 
problems(7). Thus, non-invasive measures are expected to 
be able to provide reliable and safe measurements of the 
patient’s  body temperature.

Body temperature can be obtained in several places of 
the body, such as the axilla, nasopharynx, esophagus, rectum, 
tympanic membrane, temporal artery, pulmonary artery and 
bladder; however, only the measurements performed on the 
tympanum, esophagus, nasopharynx and pulmonary artery 
can more accurately portray the temperature referred to 
as  core temperature(1,4).

It should be noted that some of these forms of measure-
ment are not indicated for intraoperative surgical patients 
due to the specific needs of subjects subjected to anesthetic-
surgical procedures who are often exposed to intubation, 
manipulation of organs and spaces or to specific positions 
to ensure the success of the surgery(8-9).

Thus, the most frequently used intraoperative tempera-
ture measurements are through the pulmonary artery, naso-
pharynx and esophagus. The ideal choice is based on the 
type of specialty or surgical procedure to be performed. It 
is emphasized that in Brazil, the placement of these devices 
for measuring core temperature is often performed by the 
anesthesiologist or by the surgeon.

Among the core temperature measurements, esopha-
geal temperature is the best combination of performance, 
cost-effectiveness and safety. It is an invasive procedure that 
should not be recommended for patients only subjected to 
regional anesthesia, who may feel discomfort during its 
placement and maintenance; furthermore, if the tip of the 
sensor is positioned in the distal third of the esophagus, the 
temperature of inhaled gases may interfere with the patient’s 
body temperature measurement(1,10).

Tympanic temperature measurement would be a less 
invasive method of measuring core temperature, and it would 
reflect the temperature of the external carotid artery by using 
a device located near the tympanic membrane(8).

An integrative review of the literature compared 23 
studies in which invasive methods such as temperature 
measurement in the pulmonary artery and esophagus, and 
non-invasive methods such as tympanic, temporal artery 
and oral temperature were used in severely ill adult patients. 
The results showed strong evidence related to the accuracy 
of tympanic temperature measurements, thus being the 
preferred method for non-invasive measurement of core 
temperature in many critical care units(11).

Therefore, the American Society of PeriAnesthesia Nurses 
(ASPAN) recommends the measurement of tympanic tem-
perature as the non-invasive method of perioperative tem-
perature control(12).

This method of measuring temperatures has obvious 
advantages to the perioperative nursing practice, since it 
allows the body’s body temperature to be measured using a 
non-invasive method that can reflect a temperature close to 
core temperatures, with little or no inconvenience regarding 
the positioning or choice of anesthetic technique, depending 
on the medical specialization.

Infrared tympanic thermometers are currently available 
on the market(8). Problems related to the reliability of their 
results, in the sense of actually reflecting the tympanic tem-
perature and not the temperature of the auditory canal or 
the environment have been corrected(13-14).

As the reading of vital signs (with temperature among 
them) are frequently performed by the nursing team(7), it is 
interesting to know and understand the practical application 
of the tympanic thermometer in intraoperative temperature 
measurement, thus guaranteeing an independent perfor-
mance of perioperative nursing in relation to patients’ body 
temperature control throughout the perioperative period, as 
well as a more adequate control of body temperature main-
tenance devices.

Accordingly, we propose the present investigation with 
the intention of understanding how this reality would hap-
pen in daily practice with instruments that are available in 
hospital institutions, seeking to estimate the confidence in 
a non-invasive method of intraoperative body temperature 
measurement via the tympanic membrane, and compar-
ing it to an invasive method of the esophageal temperature 
measurement, as practiced in the hospital institution selected 
for conducting the present study.

Therefore, the present study aimed to compare the 
temperature measurements of infrared thermometer and 
esophageal thermometer during the intraoperative period 
and to verify the correlation between the measurements of 
tympanic and esophageal temperatures.

METHOD
The proposed study was developed using the quantita-

tive methodological approach, with a quasi-experimental, 
longitudinal research design of repeated measures.
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The selected site for the development of the study was 
a hospital located in the state of São Paulo, specialized in 
oncology research and care.

The research project was submitted and approved by the 
Research Ethics Committee of the School of Nursing under 
the number 599.703-0, after authorization from the hospi-
tal according to Resolution 466/12 of the National Health 
Council, which regulates research on human beings(15).

The study included patients aged 18 years or over at the 
time of data collection, submitted to elective oncologic sur-
gery of the digestive system with anesthesia duration of at 
least 1 hour. Exclusion criteria were body temperature equal 
to or greater than 38°C at the time of admission to the surgical 
procedure or the presence of any kind of endocrine problem.

The instrument used for data collection contained data 
referring to the sociodemographic characterization of indi-
viduals, specific situations of the anesthetic-surgical proce-
dure and information regarding patient’s body temperature 
measurement during reception at the surgical center, anes-
thetic induction and the intraoperative period.

Thus, on the day of surgery, the researcher at the recep-
tion of the surgical center informed the subject of the objec-
tives of the study and if the patient agreed to participate they 
were asked to sign the Informed Consent Form.

The patient was then admitted to the operating room, 
underwent anesthesia and installation of a calibrated esopha-
geal thermometer (Dixtal Biomédica Ind. Com. Ltda.®) 
by the anesthesiologist responsible in the operating room. 
The disposable thermometer consists of a thin plastic tube, 
inserted through the nostril or oral cavity into the esopha-
gus to approximately 45 cm, ideally positioned between the 
left ventricle and the aorta, between the eighth and ninth 
thoracic vertebrae(16).

Measurement of the patient’s tympanic temperature was 
performed with a calibrated infrared tympanic thermometer 
(ProCheck®) with a laboratory reading accuracy of ±0.2°C. 
All measurements were taken from the same ear in order to 
avoid inducing systematic errors in measuring the variable.

Esophageal and tympanic temperature monitoring was 
then performed upon the patient’s arrival into the operating 

room (before commencing the warming systems), at the 
beginning of induced anesthesia, at the beginning of sur-
gery, and thereafter at every 20 minutes until the end of 
the anesthetic-surgical procedure. Room temperature 
was maintained by central air conditioning, between 19 
and 21°C.

Through intraclass correlation coefficient (ICC) it was 
estimated that approximately 38 patients could be included 
in the present investigation in order to detect coefficients 
higher than 0.5°C, with confidence and power of 95%, 
considering the two measurements (esophageal and tym-
panic  temperature measurements).

The results were presented according to statistical 
descriptive measures such as arithmetic average, standard 
deviation, and median, as well as minimum and maximum 
values for continuous variables. The evolution of average 
temperatures in the two instruments was evaluated by a 
mixed effects model (and first-order autoregressive covari-
ance structure). Double data entry technique was used and 
the collected data was analyzed using the software Statistical 
Package for the Social Sciences (SPSS 10.0). The signifi-
cance level used was α= 0.05.

RESULTS
Fifty-one (51) patients were included, where tympanic 

and esophageal temperatures were simultaneously mea-
sured  for each.

Most of the sample consisted of white (80.4%) men 
(51%) who had undergone prior chemotherapy (56.9%), and 
only 23.5% had undergone radiotherapy. The average body 
mass index (BMI) was 24.91 kg/m2 (SD = 4.41), minimum 
value of 16.22 and maximum of 34.48 kg/m2.

All patients were warmed using the forced-air heating 
system for an average of 264.14 minutes (SD = 87.7), with 
a minimum of 65 and a maximum of 427 minutes.

The majority of the patients underwent balanced general 
anesthesia combined with epidural anesthesia (78.4%), and 
mainly underwent stomach (35.3%) and rectal (21.5%) 
surgeries. Anesthetic and surgical procedures had an average 
duration of 360.1 and 250.4 minutes, respectively (Table 1).

Table 1 – Variables related to the anesthetic-surgical procedure – São Paulo, SP, Brazil, 2014.

Variables N (%) Average (standard deviation) Median Minimum-Maximum

Type of anesthesia

General balanced + epidural 40 (78.4)

General
balanced + spinal anesthesia

7 (13.7)

General 4 (7.8)

ASA Classification*

ASA1
ASA2
ASA3

3 (5.9)
35 (68.6)
13 (25.5)

Type of surgery

Total and partial gastrectomy 18 (35.3)

Abdominal rectosigmoidectomy 11 (21.5)

continued…
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Regarding temperature analysis, it was noticed that 
despite being constant, tympanic temperatures were lower 
for all measurements; approximately one degree lower than 
esophageal temperatures (Figure 1).

Both temperature measurements showed no differ-
ence in behavior over time (p = 0.2205), however tym-
panic measurements were consistently lower at 1.24°C 
(p < 0.0001).

…continuation

Variables N (%) Average (standard deviation) Median Minimum-Maximum

Pancreaticoduodenectomy 10 (19.6)

Hepatectomy 5 (9.8)

Others 7 (13.7)

Duration of anesthesia 360.1 (93.4) 365 150-555

Duration of surgery 250.4 (85.9) 245 60-420

Infused Volume 6.019.6 (1.788.7) 6.000 2.500-11.500

*ASA: American Society of Anesthesiologists.
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Figure 1 ‒ Difference between esophageal and tympanic temperature measurements – São Paulo, SP, Brazil, 2014.

DISCUSSION
The tympanic method of measuring temperatures 

showed a lower performance than the core temperature 
obtained by the esophageal thermometer, evidencing tem-
peratures approximately one degree lower, however both 
measurement forms maintained similar behavior over time. 
It should be noted that both forms of measurement were 
performed in the same patient and repeated on all subjects 
of the sample.

Among the core temperature measures, pulmonary artery 
readings are the most accurate form of measurement; nev-
ertheless, it is an invasive procedure that brings risks to the 
patient, such as dysrhythmias, infection and damage to the 
heart valves caused by the need of introducing the Swan 
Ganz catheter. Thus, this measuring instrument should only 
be used when considered essential for patient treatment, 
considering other functionalities of the catheter and not just 
body temperature measurement(4,8,17-19).

Thus, esophageal temperature measurement is often used 
in the intraoperative period due to the perfusion proximity 

to great vessels to the heart, and providing values that are 
close to those obtained in the pulmonary artery(1,20).

Previous investigations have also observed that tem-
perature measurements of infrared tympanic thermometers 
obtain lower temperature measurements when compared 
with estimates of core temperature, such as rectal measure-
ment, for example(14,21). However, it is worth noting that 
even when comparing core temperature measures such as 
esophageal and nasopharyngeal in the same patient, a sta-
tistically significant difference of approximately 0.2°C was 
found between both measurements(22).

Also regarding the performance of different types of 
thermometers and their ability to estimate body temperature, 
a recent study comparing invasive (rectal) and non-invasive 
temperature measurements (tympanic, infrared skin, tem-
poral artery) between a heterogeneous group of children 
observed the following temperature variations as measured 
between the group undergoing rectal temperature measure-
ment and those measured by infrared tympanic thermometer 
(0.49°C); of the skin by infrared (0.34°C), and; finally, by the 
temporal artery (0°C), respectively(21).
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Another investigation comparing the reliability and 
validity of infrared tympanic thermometers also observed 
statistically significant differences between the values 
obtained in comparing different brands of infrared tym-
panic thermometers and rectal temperature measurement 
which varied between 0.36 and 0.85. It is noteworthy that 
in patients admitted to Intensive Care Units (ICU), where 
the temperature measurement was performed through the 
pulmonary artery, the rectal temperature exceeded this mea-
surement, and the temperature obtained by the tympanic 
thermometer was closer to the pulmonary artery tempera-
ture (considered the standard)(14).

Therefore, the differences between measurements exist, 
both in the comparison between central thermometers as 
well as in the comparison between central and peripheral 
thermometers; however, in the latter case the differences 
appear to be greater(14). This fact could possibly be due to 
the influence of the operating room temperature on the 
measurement obtained by the tympanic thermometer(13).

Another aspect to be discussed is even though the mea-
surement of the tympanic temperature has good correlation in 
relation to core temperature, variations can occur between mea-
surements performed by different professionals, thus requiring 
adequate technical training to obtain reliable results(14).

Some advantages of the tympanic thermometer in addi-
tion to its ability to measure exact and safe temperatures 
should be highlighted; among them, the speed and practical-
ity of its use, as well as its non-invasive character(23).

Given the diversity of options for temperature gauging, the 
choice of the ideal thermometer for each clinical situation per-
vades not only its ability to adequately measure body tempera-
ture at any age, but it should also be: safe, cost-effective, quick 
to measure, convenient, simple and comfortable for patient 
and the health team, it should not have its measurements 
affected by ambient temperature, there should be no possibil-
ity of cross-infection, and it should be easy  to calibrate(24).

Therefore, it is expected that clinical nurses are equipped 
with up-to-date technical and scientific knowledge to 
consciously choose the best strategy for controlling their 
patients’ body temperature, especially taking into consider-
ation the best method depending on the clinical condition 
and situation experienced.

The results of the present study have immediate applica-
tion in clinical practice, equipping nurses with a fundamental 
choice of more reliable temperature measurement methods. 
However, a limitation of this investigation should be noted 
that due to the proposed research design, only one brand/
model of tympanic thermometer was used in a homogeneous 
group of patients submitted to elective oncological surgical 
procedures of the digestive system.

Thus, we recommend that nurses take ownership of this 
knowledge and conduct new investigations, reporting their 
experiences with this tool in different clinical settings and 
compare them to the usual employed practices, gradually 
incorporating new technologies that optimize their work 
and guarantee greater comfort, quality and security to patient 
care into their activities.

CONCLUSION
The temperatures measured by the tympanic thermom-

eter were on average 1.24°C lower than those measured by 
the esophageal thermometer, however, the two forms of 
temperature gauging showed similar behaviors.

Nurses must be aware that the infrared tympanic ther-
mometer, despite being a reliable tool records lower tempera-
tures than those obtained by central thermometers.

 We suggest further studies in clinical practice that verify 
the influence of the ambient temperature on the measure-
ment of tympanic temperature by infrared thermometer 
and possible differences between measurements obtained 
by different brands/models.

RESUMO
Objetivo: Verificar a correlação entre as medidas de temperatura realizadas por meio de um termômetro timpânico por infravermelho 
e por um termômetro esofágico, durante o período intraoperatório. Método: Realizou-se um estudo longitudinal, de medidas repetidas, 
incluindo sujeitos com idade igual ou superior a 18 anos, submetidos à cirurgia oncológica eletiva do sistema digestório, com duração da 
anestesia de, no mínimo, 1 hora. As medidas de temperatura eram realizadas, ao mesmo tempo, por meio de um termômetro esofágico 
calibrado e por termômetro timpânico por infravermelho calibrado, com precisão de leitura em laboratório de ±0,2°C. A temperatura da 
sala operatória permaneceu entre 19 e 21°C. Resultados: Foram incluídos 51 pacientes, em sua maioria homens (51%), brancos (80,4%). 
Todos os pacientes foram aquecidos com o sistema de ar forçado aquecido, em média por 264,14 minutos (DP = 87,7). As duas medidas 
de temperatura não tiveram comportamento diferente ao longo do tempo (p = 0,2205), mas a medida timpânica foi consistentemente 
menor em 1,24°C (p < 0,0001). Conclusão: O termômetro timpânico apresentou resultados confiáveis, mas refletiu temperaturas mais 
baixas do que o termômetro esofágico.

DESCRITORES
Hipotermia; Temperatura Corporal; Termômetros; Enfermagem Perioperatória.

RESUMEN
Objetivo: Verificar la correlación entre las medidas de temperatura realizadas por medio de un termómetro timpánico por infrarrojo y 
por un termómetro esofágico, durante el período intraoperatorio. Método: Se llevó a cabo un estudio longitudinal, de medidas repetidas, 
incluyendo a sujetos con edad igual o superior a 18 años, sometidos a la cirugía oncológica electiva del sistema digestivo, con duración de 
la anestesia de, como mínimo, una hora. Las mediciones de temperatura eran realizadas a la vez por medio de un termómetro esofágico 
calibrado y un termómetro timpánico por infrarrojo calibrado, con precisión de lectura en laboratorio de ±0,2°C. La temperatura del 
quirófano permaneció entre 19 y 21°C. Resultados: Fueron incluidos 51 pacientes, en su mayoría hombres (51%), blancos (80,4%). 
Todos los pacientes se calentaron con el sistema de aire forzado de calefacción, en promedio por 264,14 minutos (DP = 87,7). Ambas 
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mediciones de temperatura no tuvieron comportamiento distinto a lo largo del tiempo (p = 0,2205), pero la medida timpánica fue 
consistentemente menor en 1,24°C (p <; 0,0001). Conclusión: El termómetro timpánico presentó resultados confiables, pero reflejó 
temperaturas más bajas que el termómetro esofágico.

DESCRIPTORES
Hipotermia; Temperatura Corporal; Termómetros; Enfermería Perioperatoria.
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