
Introduction

Volatile anesthetics inhibit the thermoregulatory center in 

the brain [1,2]. Because most modern volatile anesthetics have 

vasodilatory properties [3], blood is redistributed from the cen-

tral compartment to the peripheral compartment during general 

anesthesia. �ese factors contribute to the rapid redistribution of 

body temperature to the peripheral compartment via blood �ow. 

Exposure of operation fields to the low ambient temperature 

of the operating room can facilitate inadvertent intraoperative 

hypothermia. �erefore, standards of monitoring during anes-
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Background: The purpose of this study was to compare temperatures measured at three different sites where a nasopha-

ryngeal temperature probe is commonly placed. 

Methods: Eighty elective abdominal surgical patients were enrolled. After anesthesia induction, four temperature probes 

were placed at the nasal cavity, upper portion of the nasopharynx, oropharynx, and the esophagus. The placement of the 

nasopharyngeal temperature probes was evaluated using a flexible nasendoscope, and the depth from the nares was mea-

sured. The four temperatures were simultaneously recorded at 10-minute intervals for 60 minutes. 

Results: The average depths of the probes that were placed in the nasal cavity, upper nasopharynx, and the oropharynx 

were respectively 5.7 ± 0.9 cm, 9.9 ± 0.7 cm, and 13.6 ± 1.7 cm from the nares. In the baseline temperatures, the tempera-

ture differences were significantly greater in the nasal cavity 0.32 (95% CI; 0.27–0.37)oC than in the nasopharynx 0.02 

(0.01–0.04)oC, and oropharynx 0.02 (−0.01 to 0.05)oC compared with the esophagus (P < 0.001). These differences were 

maintained for 60 minutes. Twenty patients showed a 0.5oC or greater temperature difference between the nasal cavity 

and the esophagus, but no patient showed such a difference at the nasopharynx and oropharynx. 

Conclusions: During general anesthesia, the temperatures measured at the upper nasopharynx and the oropharynx, but 

not the nasal cavity, reflected the core temperature. Therefore, the authors recommend that a probe should be placed at 

the nasopharynx (≈ 10 cm) or oropharynx (≈ 14 cm) with mucosal attachment for accurate core temperature measure-

ment. 
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thesia and recovery recommend continuous core temperature 

monitoring during anesthesia [4], because intraoperative hypo-

thermia can result in serious adverse e�ects such as myocardial 

ischemia, coagulopathy, and surgical wound infection [5-9].

The core temperature monitoring sites during anesthesia 

vary according to the purpose of measurement and the opera-

tion site. Sites in close proximity to the great vessels or highly 

perfused organs are the most reliable for the measurement of 

core temperature. Among several core temperature measure-

ment sites, the nasopharynx, esophagus, and the pulmonary 

artery have been considered as the most reliable sites, re�ecting 

accurate brain temperature [10]. However, the temperature of 

the central blood measured by a pulmonary artery catheter or 

central venous catheter is not routinely used. Because the naso-

pharynx is in close proximity to the internal carotid artery (ICA) 

and can easily be approached by anesthetists, the nasopharynx 

is a commonly used temperature-monitoring site during general 

anesthesia [11]. �e placement of a nasopharyngeal temperature 

probe is important when to measure the core temperature accu-

rately. However, placement in close proximity to the ICA would 

be di�cult because the probe is placed blindly. A previous study 

reported that nasopharyngeal temperature probes were opti-

mally positioned in the upper or mid-nasopharynx by residents 

and nurses in 43% and 41% of cases, respectively [12].

�e authors hypothesized that sub-optimally placed tempera-

ture probes could not re�ect the core temperature, and that ac-

tual temperatures may di�er from those measured by optimally 

placed probes. The purpose of this study was to compare the 

temperatures measured at three di�erent sites at which probes 

are commonly positioned. 

Materials and Methods

This prospective study was approved by the Institutional 

Review Board of the author’s institution and written informed 

consent was obtained from all participants. Eighty elective ab-

dominal surgical patients, American Society of Anesthesiolo-

gists physical status 1 or 2 and aged 18–75 years, were enrolled. 

Patients who had a history of surgery or trauma of the nose or 

patients with coagulopathy, liver cirrhosis, or recurrent epistaxis 

were excluded. 

No patients received nasal vasoconstrictor spray or preanes-

thetic medication. The anesthetic regimen was standardized 

for all patients. Patients were monitored by ECG, non-invasive 

blood pressure, pulse oximetry, temperature, capnography, pe-

ripheral nerve stimulator, and bispectral index (BIS). Anesthesia 

was induced with intravenous propofol and maintained with 

sevo�urane. Orotracheal intubation was performed a�er skeletal 

muscle paralysis and the cu� pressure of the tracheal tube was 

kept to 25–30 cmH2O using a cu� pressure manometer. �e am-

bient temperature of the operating room was maintained at 22 

± 1oC and patients were not actively warmed during the study 

period. Operations were performed in the supine position. A�er 

anesthesia induction, three temperature probes (M1024247, GE 

Healthcare, Helsinki, Finland) were placed one each at the nasal 

cavity, upper portion of the nasopharynx, and the oropharynx 

through the inferior meatus under the nasendoscopic evalua-

tion, simultaneously. Additionally, the esophageal temperature 

probe (EPT1663, Ewha Biomedics, Goyang, Korea) was inserted 

into the lower esophagus (Fig. 1). Four temperature probes were 

connected to the monitor (CarescapeTM Monitor B850, GE Med-
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Fig. 1. Four temperature probes were placed, one each in the nasal 
cavity (NC), upper portion of the nasopharynx (NP), oropharynx 
(OP) and the esophagus (E). Probe placement was evaluated using a 
nasendoscope (NE).

NP

OP

Fig. 2. The nasopharyngeal temperature probe (NP) was attached to the 
mucosa of the upper portion of the nasopharynx under nasendoscopic 
view. The oropharyngeal probe (OP) passed through the nasopharynx.
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ical Systems, Freiburg, Germany) using temperature modules 

(E-PT module, GE Medical Systems). All temperature probes 

were used a�er pretesting and two-point calibration at 20oC and 

40oC using a digital thermometer with 0.1oC of tolerance (TES 

1300, Taipei, Taiwan).

�e investigators evaluated the placement of the temperature 

probes and measured the depths from the nares using a �exible 

nasendoscope (LF-GP, Olympus Medical Systems Corp., Tokyo, 

Japan). If the temperature probe was suspended in the naso-

pharynx, the probe was adjusted to attach to the nasopharyngeal 

mucosa (Fig. 2). Four temperatures including the esophageal 

temperature were simultaneously recorded at 10-minute inter-

vals for 60 minutes a�er anesthesia induction. �e patients were 

warmed by a forced air warming unit (Bair Hugger Model 505, 

Arizant Healthcare Inc., Eden Prairie, MN, USA) a�er data col-

lection and body temperatures were maintained at 36–37oC. �e 

data-collecting anesthesiologists did not observe the placement 

of the temperature probes, so that they were blind to whether 

the temperature was measured by the probe. Because the up-

per portion of the nasopharynx was in close proximity to the 

ICA [12], the authors concluded that the upper portion of the 

nasopharynx would be optimal placement for the probe. The 

temperature di�erences between the upper nasopharynx and the 

other two sites were evaluated, and the nasal temperatures were 

compared with the esophageal temperature.

Statistical analysis

�e sample size was predetermined by ANOVA sample size 

test using SigmaPlot 12.5 (Systat Software Inc., San Jose, CA, 

USA) based on the assumption that the minimum detectable 

difference in means and expected standard deviation of the 

residuals were 0.1oC and 0.2oC, respectively. This assumption 

ascertained that 77 patients were required for a signi�cance level 

of 0.05 (α = 0.05) and a desired power of 0.8 (β = 0.2). To allow 

for attrition, the sample size was increased to 80.

Parametric data including demographic data and tempera-

tures are expressed as mean ± SD. �e temperature di�erences 

according to probe placement are expressed as median and 

95% confidence interval (CI). Data were analyzed using one-

way repeat measured analysis of variance (ANOVA) and one-

way ANOVA. The Holm-Sidak method was used for multiple 

comparisons a�er ANOVA tests. A P value of less than 0.05 was 

considered statistically signi�cant. 

Results

Of the 80 enrolled surgical patients, of whom 45 were fe-

male and 35 were male, three patients were excluded from data 

analysis because two patients experienced epistaxis during the 

temperature probe insertion that obstructed nasendoscopic 

examination and one patient had a malfunctioning probe. �e 

remaining 77 patients (male: 34, female: 43) were analyzed. �e 

average age, height, and weight were 61 ± 15 years, 160 ± 10 

cm, and 61 ± 13 kg, respectively. �e depths of the temperature 

probes from the nares to the nasal cavity, upper portion of the 

nasopharynx, and the oropharynx are presented in Table 1.

�e average time between baseline temperature measurement 

and endotracheal intubation was 7.5 ± 3.4 minutes. Operations 

were performed on average 13.3 ± 6.6 minutes a�er measuring 

the baseline temperature. �e baseline temperatures of the upper 

nasopharynx were significantly higher than those of the nasal 

cavity (36.4 ± 0.4oC vs. 36.1 ± 0.5oC, P < 0.001), but no di�erence 

was found compared with the oropharyngeal temperature (P = 

0.986). In the baseline temperatures, the temperature di�erences 

compared with the esophagus were significantly greater at the 

nasal cavity 0.32 (95% CI; 0.27–0.37)oC than at the nasopharynx 

0.02 (0.01–0.04)oC, or oropharynx 0.02 (−0.01 to 0.05)oC. �e 
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Fig. 3. Changes in body temperature were measured at four different 
sites. *Represents that the temperatures measured in the nasal 
cavity were significantly lower than at the upper nasopharynx (NP), 
oropharynx, and the esophagus (P < 0.05). There were no significant 
temperature differences among the upper NP, oropharynx, and the 
esophagus.

Table 1. Depth of the Temperature Probes from the Nares (cm)

P values

Nasal cavity

    Female 5.3 ± 0.7
< 0.001

    Male 6.1 ± 1.0

Upper nasopharynx

    Female 9.8 ± 0.5
0.007

    Male 10.2 ± 0.8

Oropharynx

    Female 13.1 ± 1.5
< 0.001

    Male 14.3 ± 1.6
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temperature measured at the nasal cavity was signi�cantly lower 

than at the upper nasopharynx, oropharynx, and the esophagus 

over the study period, and these temperature differences were 

maintained constantly (Fig. 3). �ere were no signi�cant di�er-

ences between the upper nasopharyngeal temperatures and the 

oropharyngeal temperatures at any time point. 

�e number of patients who showed a temperature di�erence 

of 0.2oC or more compared with the esophageal temperature at 

baseline were 3, 15, and 58 at the upper nasopharynx, orophar-

ynx, and the nasal cavity, respectively (P < 0.001). Furthermore, 

20 patients showed a 0.5oC or greater temperature di�erence be-

tween the nasal cavity and the esophagus, but a more than 0.5oC 

di�erence was not seen at the nasopharynx or the oropharynx. 

At 60 minutes a�er baseline temperature measurement, 6 and 48 

patients showed < 35oC and 35–36oC esophageal temperatures, 

respectively.

Discussion 

In the current study, the temperatures measured at the naso-

pharynx, oropharynx, and the esophagus were very similar, but 

the temperature at the nasal cavity was lower than at the other 

sites. Body temperatures were decreased by 0.6–0.7oC at the �rst 

one hour a�er intubation, unless the patients were not actively 

warmed. �e appropriate position of the nasopharyngeal tem-

perature probe is the upper portion of the nasopharynx, which 

is in close proximity to the internal carotid artery [12]. The 

depth from the nostril to the upper portion of the nasopharynx 

was approximately 10 cm. 

The placement of a nasopharyngeal temperature probe is 

important for accurate core temperature measurement. How-

ever, it is not easy for anesthetists to place the nasopharyngeal 

temperature probe optimally because of a lack of knowledge 

about optimal placement and the blind placement of the probe. 

In a previous study, more than half of blindly-placed nasopha-

ryngeal temperature probes in clinical practice were found to be 

sub-optimal [12]. Great temperature di�erences were expected 

at the nasal cavity or oropharynx compared with the upper na-

sopharyngeal temperature. Although temperatures measured at 

the nasal cavity showed great di�erences when compared with 

the upper nasopharyngeal temperature, there were no signifi-

cant differences between the oropharyngeal and upper naso-

pharyngeal temperatures during general anesthesia unlike the 

authors’ hypothesis. �erefore, super�cial insertion of the probe 

placed in the nasal cavity is less accurate than deep insertion of 

the probe placed at the oropharynx if the probe is not placed 

optimally at the upper nasopharynx. It might be caused by the 

increased blood flow in the oropharyngeal mucosa caused by 

the vasodilatory e�ect of volatile anesthetic during general an-

esthesia, although there is no great vessel near the oropharynx. 

However, the temperature measured at the nasal cavity was low-

er than the temperature measured at the other sites. �e lower 

temperature at the nasal cavity may be caused by the e�ects of 

ambient temperature, because the inserted depth of the probe 

was more superficial than at the other sites, and some probes 

were not attached to the nasal mucosa and thus were suspended 

in the nasal cavity. 

In a volunteer study, the core temperature decreased 1.6oC 

in the �rst hour of anesthesia due to the internal redistribution 

of heat [13]. In the current result, the esophageal and nasopha-

ryngeal temperatures declined by 0.6–0.7oC for 1 hour. The 

ambient temperatures were similar (≈ 22oC) and the subjects 

were not warmed actively in either study. �e patients had cloth 

draped over the chest and extremities in the current study, but 

the volunteers were minimally clothed and fully exposed to the 

operating room temperature in the previous study. �e extremi-

ties are important peripheral thermal compartment that can 

induce core hypothermia via heat redistribution during the �rst 

hour after anesthesia induction [13,14]. The great decrease in 

core temperature in previous study could be direct results of full 

exposure to ambient temperature without an operation drape. 

Although a nasopharyngeal temperature probe can be in-

serted through the inferior or middle meatus in the nasal cavity, 

probes were inserted through the inferior meatus in the current 

study. �e average depths of the optimally placed probe from the 

nares were 9.8 cm in females and 10.2 cm in males. In the pre-

vious study, a 9.5–10.0 cm probe depth was recommended for 

optimal placement, as in the present results [12]. �e tempera-

ture probe should be attached to the nasopharyngeal mucosa to 

re�ect the blood temperature. �e probe can be in�uenced by 

the ambient temperature if the probe is suspended in the nasal 

cavity. �erefore, appropriate depth and mucosal contact are im-

portant for the optimal placement of the nasopharyngeal tem-

perature probe. �e authors speculated that some temperature 

probes in the nasal cavity were suspended and more a�ected by 

the ambient temperature than the nasopharyngeal or oropha-

ryngeal probes. However, nasopharyngeal and oropharyngeal 

probes can be suspended although the possibility was lower 

than the nasal cavity in the anatomical aspect. If the probe was 

not attached to the mucosa at the nasopharynx or oropharynx, 

the measured temperature may be lower than the temperature 

as measured by a probe with mucosal contact. �e esophageal 

temperature was measured as the other standard of core tem-

perature because an esophageal temperature probe can maintain 

more stable mucosal contact than a nasopharyngeal probe. 

�ere are several limitations in the current study. First, pa-

tients were not actively warmed during the study period. Peri-

operative hypothermia is associated with adverse clinical e�ects. 

Although six patients’ esophageal temperatures decreased to 

lower than 35oC at 60 minutes a�er temperature measurement, 
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all patients’ body temperatures were kept at 36–37oC by a forced 

air warming unit after the study period. Second, the mucosal 

contact of the probes in the nasal cavity and oropharynx was not 

evaluated. If the temperatures were compared according to mu-

cosal contact, the cause of the temperature di�erence could be 

clearer. �ird, subjects were limited to patients who underwent 

open abdominal surgeries. In general, loss of body heat is greater 

in open abdominal surgery due to the larger amount of evapora-

tion from abdominal contents compared to extremity surgery. 

Consequently, it is di�cult to extrapolate the present results to 

all types of surgery, because of physiological and surgical di�er-

ences. 

In conclusion, the temperatures measured at the upper na-

sopharynx and the oropharynx reflect the core temperature 

during general anesthesia, but the temperature from the nasal 

cavity does not. Therefore, the authors recommend that the 

probe should be placed at the nasopharynx (≈ 10 cm depth from 

the nares) or at the oropharynx (≈ 14 cm depth) with mucosal 

attachment for accurate nasopharyngeal temperature measure-

ment.
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