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Abstract

Background: Intraoperative temperature management is one of the important aspects in successful outcome of the surgical
patient. Both anesthesia and surgery significantly have an impact on internal thermoregulation of the human body. We conducted
this study to correlate nasopharyngeal temperature with transcutaneous carotid artery temperature of adult patients under
general anesthesia (GA) in our rural institution.

Methodology: After approval of institutional ethical committee, a written informed consent was obtained from patients and this
study was conducted on a sample of 40 patients. The sample size was calculated using previous study’s correlation coefficient of
.53. This correlation study was carried out at a rural teaching tertiary care hospital. After connecting monitoring system, GA was
induced and maintained to all subjects as per institutional protocol. A nasopharyngeal probe and a skin probe were applied
immediately after intubation. The carotid artery was palpated on right side and the cutaneous temperature probe was kept over
the area where maximum impulse was felt. The sensor was covered with the gauze piece so that the ambient operating room
temperature did not affect the reading. To equilibrate the temperature to surrounding tissue, after 5 min the first reading was
noted and then every 15 min for one hour. The operating room temperature and humidity were kept constant.

Results: The transcutaneous skin temperature over the carotid artery showed statistically significant lower values than
simultaneously measured nasopharyngeal temperature. This comparison was done with paired t-test (p < 0.05) and showed
statistical significance. Pearson’s correlation test showed both temperature measurements were strongly in correlation at 0 min,
15 min, 30 min, 45min and 60 min time interval.

Conclusion: The transcutaneous carotid temperature was low in comparison to nasopharyngeal temperature for one hour post-
induction. There is a strong correlation between the trans-nasopharyngeal and transcutaneous temperature measured over the
carotid artery in adult patients undergoing elective surgery in the later phase.
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. lead to perioperative complications. Both anesthesia
1. Introduction and surgery significantly have an impact on internal
thermoregulation of the human body. Therefore,
temperature monitoring is now considered mandatory
during surgical intervention under anaesthesia.
Ideally, the core temperature monitoring is preferred

With the improvement in medical research various
safety technology are invented. The patient safety is
the main concern in any treatment. It is not uncommon
to see that unmonitored patient body temperature may
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than peripheral temperature. The core thermal
compartment is composed of highly perfused tissues
whose temperature is uniform and higher compared to
the rest of the body. This core temperature monitoring
can be done at several sites viz., nasopharynx,
esophagus, tympanic membrane, and the pulmonary
artery.?

Most of these techniques are invasive in nature. Both
nasopharyngeal and esophageal temperatures are
favored as primary indicators of intraoperative
temperature status due to their proximity to the internal
carotid artery and great vessels and heart,
respectively.> The peripheral sites of temperature
monitoring like axillary, forehead, and abdominal skin
are also utilized but they have poor reliability than the
core temperature.* A recent study in infants has shown
that skin temperature over the carotid artery T skin carotid)
is found to be highly correlated to nasopharyngeal
temperature Tqaso) during perioperative management
of infants.®

The temperature measurement is essential in any
patient undergoing surgery, especially when surgery is
of long duration. Our hypothesis was that the
temperature readings between the nasopharyngeal and
transcutaneous temperature will have similar findings.
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2. Methodology

After approval of institutional ethical committee, a
written informed consent was obtained from patients.
This correlation study was conducted on 40 patients at
our rural tertiary care teaching hospital.

Inclusion criteria were, patients of both sexes, ages
between 20 to 45 y, ASA physical status | and II,
undergoing surgery under general anesthesia (GA) for
at least 1.5 h long procedure post-induction. Patients
excluded were; unwilling to give consent, patients with
known carotid artery pathology, surgeries where large
amount of fluid shift was expected, suspected nasal
deformity or nasal bone injuries, laparoscopic
surgeries and patients having an episode of fever.
Figure 1 depicts Consort diagram of the study
population.

After connecting routine monitors for ECG, non-
invasive BP, SpO;, end tidal carbon dioxide (EtCO,),
pre-oxygenation was done with 100% oxygen for 3
min. All patients were pre-medicated with inj. fentanyl
2 pg/kg, inj midazolam 0.05 mg/kg intravenously.
They were then induced with inj. thiopentone 5 mg/kg
and inj vecuronium 0.1 mg/kg administered
intravenously. After 3 min, the trachea was intubated
with appropriate endotracheal tube size and connected
to ventilator in a circle system. Anesthesia was
maintained with oxygen and nitrous oxide 1:1, with
isoflurane keeping end tidal concentration of 0.8. The
nasopharyngeal probe and the skin probe were applied
immediately after intubation.

A nasopharyngeal temperature probe was inserted
through one of the nostrils and fixed at depth which
was equivalent to external distance between nares and
the tragus. The left carotid artery was palpated and the
cutaneous temperature probe was kept over the area
where maximum impulse was felt. The sensor was
covered with the gauze piece so that the external
operating room temperature did not affect the
recording (Figure 2).

To equilibrate the temperature to surrounding tissue,
the first reading was noted after 5 min; then every 15
min for one hour. The operating room temperature and
humidity was also recorded. The primary outcome was
to collect the temperature recording data as mentioned
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Figure 2: Position of temperature sensor over carotid
artery

earlier and correlate nasal and transcutaneous carotid
artery temperature.

2.1. Statistical analysis

The sample size was calculated by using android app
“P-value: A statistical tool Vs, 1.3 based on a previous
study.® The Pearson correlation of previous study was
0.53 and based on it, the sample size obtained was 26.
Here the standard normal deviate alpha is 1.9 (Za),
beta (Zp) is 0.842. The formula used was N = [(Za
+ZB)/C] 2 +3 =26. Considering our case load in the
hospital we collected data of 40 patients. The values
between the sites measured at different time intervals was
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studied by using paired t-test using the ‘GraphPad
InStat” software.

3. Results

In the present study, 40 patients were included (Figure 2).
Of these, 22 (55%) were female and 18 (45%) were males.
The patients operated for general surgery, obstetrics and
orthopedic procedures were 14 (35 %), 15 (37.5%) and 11
(27.5%) respectively. The operating room temperature
was maintained at 22°C and humidity at 50.

Table 1 shows the comparison of the temperature
measurements between the two sites. Statistically (paired
t-test) there was a significant difference in temperatures
measured between the two sites. The trans-cutaneous
carotid temperatures were lower in comparison with
trans-nasopharyngeal = temperatures at all  the
measurement time intervals i.e. 0, 15, 30, 45 and 60 min.

Table 2 shows the correlation between the temperature
measurements between the two monitoring sites. The
results show extremely significant correlation between
the two monitoring sites at all the measured intervals
except at 30 min, which shows there is a high correlation.

Figure 3 shows the Bland—-Altman plot in which the
distribution of mean temperature difference between
trans-nasopharyngeal and  transcutaneous  carotid
temperature at different time intervals i.e. 0, 15, 30, 45
and 60 min is depicted.

Table 1: Comparison of trans-nasopharyngeal and transcutaneous carotid temperature

Mean * SD
0 min Nasopharyngeal 35.51+1.1 35.13 35.89
11.23 39 <0.0001
Transcutaneous Carotid 33.84+1.5 33.34 34.35
15 min Nasopharyngeal 3529+1.3 34.87 35.71
10.17 39 <0.0001
Transcutaneous Carotid 3418+ 1.4 33.73 34.63
30 min Nasopharyngeal 35.13+1.2 34.74 35.51
4.19 39 0.0002
Transcutaneous Carotid 33.77+23 33.03 34.52
45 min Nasopharyngeal 34.64+0.9 34.32 34.96
8.89 39 <0.0001
Transcutaneous Carotid 34.1+0.99 33.78 34.42
60 min Nasopharyngeal 347+1.1 34.39 35.12
8.21 39 <0.0001
Transcutaneous Carotid 341+1.2 33.7 34.48

Test applied: paired t test,

< 0.0001 = extremely significant, 0.0002 = highly significant, SD = standard deviation, df = degrees of freedom
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Table 2: Correlation of transnasopharyngeal and transcutaneous carotid temperature

O min Nasopharyngeal 3551+1.1 35.13 35.89
0.80 39 <0.0001
Transcutaneous Carotid 33.84+15 33.34 34.35
15 min Nasopharyngeal 35.29+1.3 34.87 35.71
0.87 39 <0.0001
Transcutaneous Carotid 34.18+1.4 33.73 34.63
30 min Nasopharyngeal 35.13+1.2 34.74 35.51
0.48 39 0.0013
Transcutaneous Carotid 33.77+23 33.03 34.52
45 min Nasopharyngeal 34.64+0.9 34.32 34.96
0.92 39 <0.0001
Transcutaneous Carotid 34.1+0.99 33.78 34.42
60 min Nasopharyngeal 347+1.1 34.39 35.12
0.90 39 <0.0001
Transcutaneous Carotid 34.1+£1.2 33.7 34.48

Test applied : Pearson’s correlation test,

< 0.0001 = extremely significant, 0.0013 = highly significant, SD = standard deviation, df = degrees of freedom
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Figure 6: Bland—Altman plot at 45 min
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Figure 7: Bland—Altman plot at 60 min

4. Discussion

The present study shows that skin temperature over the
carotid artery can be used as a non-invasive method for
estimating core body temperature like nasopharyngeal
temperature in adult patients who are undergoing
elective general surgery. Whenever a technique of
monitoring is chosen, it is desirable to prefer a non-
invasive, accurate, safe, continuous and easy
procedure. In our study none of the patients in carotid
group had any skin lesion. We chose carotid artery for
this study as it is a large artery, easily approachable and
near to the heart.

The data were collected and correlation between the
nasopharyngeal and transcutaneous carotid body
temperature was done using Bland—Altman analysis.
In the present study, it was shown that the method of
measuring skin temperature over carotid artery had an
acceptable accuracy in comparison with the
nasopharyngeal temperature. It is also important to
note that the cutaneous temperature over carotid artery
is lower than nasopharyngeal temperature till one hour
post induction. Hence this technique should not be
considered for the surgeries of one hour duration.
Similar studies have been conducted in infants and
children where the skin temperature over carotid is
comparable with the rectal temperature.” In another
study, the author concluded that skin temperature over
carotid is comparable with  nasopharyngeal
temperature with correction factor of +0.52° C.5 Our
results are in agreement with the study conducted by
Venkatesh et al.®2 Since the transcutaneous carotid
temperature monitoring is a non-invasive technique
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with acceptable accuracy in core temperature
monitoring this can routinely be used. The problems
related to invasive techniques e.g., trauma or cross
infection can easily be avoided.

5. Limitations

Patients undergoing laparoscopic surgery and in which
large hemodynamic shifts were expected, were not
included. Hence, further studies involving such cases
may be conducted. Though we included only the young
patients in our study, preoperative assessment of the
status of the carotid artery is warranted, which may act
as a confounding factor. Further studies may also be
required in prolonged surgeries to know how the
temperature monitoring correlates.

6. Conclusion

The transcutaneous carotid temperature was low in
comparison to nasopharyngeal temperature for one
hour post-induction. There is a strong correlation
between the trans-nasopharyngeal and transcutaneous
temperature measured over the carotid artery in adult
patients undergoing elective surgery in the later phase.
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