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Purpose: ~ compare distal oesophageal (reference) temperature with "deep-sternal," "deep-forehead," and 
tracheal temperatures, establishing the accuracy and precision of each. 
Methods:  We studied 20 patients undergoing general anaesthesia for gynaecological surgery. Their lungs were 
mechanically ventilated with a circle systgm, at a fresh-gas flow rate of 6 L-min -~ Respiratory gases were not 
warmed or humidified. Tracheal temperatures were recorded from a Trachelon e tube inserted =21 cm. Deep- 
body temperatures were measured at the sternum and forehead Using a Coretemp | thermometer. The princi- 
ple of the method is to null thermal flux through a cutaneous dgk, thus obliterating thermal gradients between 
the sides of the disk, skin surface, and subcutaneous tissues. Distal oesophageal temperatures were measured 
from thermocouples incorporated into oesophageai stethoscopes. Tracheal and deep-tissue temperatures were 
compared with oesophageal temperature using regression and Bland and Altman analyses. 
Results: Tracheal, sternal, and forehead temper:atums correlated similarly with distal oesophageal temperature, 
correlation coefficients (r 2) being 0.7 in each case. The offset (oesophageal temperature minus study site) was 
considerably larger for tracheal temperature (0.7~ than for the other sites (0.2~ However, the precision was 
only 0.3~ at each site. 
Conclusion: Our data suggest that tracheal temperatures may not be an adequate substitute for conventional 
core-temperature monitoring sites, In contrast, the accuracy and precision of deep-tissue temperature monitor- 
ing at the sternum and forehead was sufficient for clinical use. 

Ob jec t i f  : Comparer la temperature oesophagienne distale (rEfErence) avec la temperature sternale profonde, 
frontale profonde et trachEale, darts le but de verifier !'exactitude et la precision de chacune des m&hodes. 
M & h o d e s  : Vingt patientes subissant un i'nteruention gyn&ologique ont EtE EtudiEes. Elles &aient ventilEes 
m&aniquement ~ I'aide d'un circuit circulaire, av, ec un debit de'gaz frais de 6 L.min-'. Les gaz respiratoires n'&aient 

e ni r&hauff& r,i humidifies. La temp&ature trach~ale &ait enregistr& sur un tube Trachelon insErE ~ =21 cm. Les 
temperatures corporelles profondes Etaient mesure'es au sternum et sur le front avec un thermomEtre Coretemp e. 
Le principe de la m&hode est d'annuler le flux thermique ~ travers un disque cutanE, et d'oblitErer ainsi les gradients 
thermiques ertre les c6t& du disque, la surface cutanEe et le tissu sous<utanC La temperature oesophagienne dis- 
tale Etait mesur& ~ raide de thermocouples incorpor& dans des stethoscopes oesophagiens. La temperature tra- 
chEale et celle des tissus profonds &aient comparEes par analyse de regression et par la m&hode de Bland et Altman. 
R~sttltats : Les temperatures distale, stemale et frontale &aient en correlation identique avec la temperature 
oesophagienne distale, le coefficient de correlation (r 2) Etant 017 dans chaque cas. La temperature diff&entielle (la tem- 
perature oesophagienne moins celle du site Etudi6)~tait beaucoup plus importante pour la temperature oesophagi- 
enne (0,7~ clue pour les autres sites (0,2~ Cependant, -~ chacun des sites, la precision n'&ait que de 0,3~ 
Conclusion : Nos donn&s suggErent que la.tempErature trachEale pourrait ne pas &re un substitut valable 
pour le monitorage des sites conventionnels de la temperature centrale. Par contre, I'exactitude et la precision du 
monitorage tissulaire profond au niveau du front et du sternum sont suffisants pour I'usage clinique. 
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p ERIOPERATIVE thermal disturbances are 
common during anaesthesia, with up to 80% 
of unwarmed surgical patients becoming 
hypothermic (core temperature <36~ I 

Intraoperative hypothermia prolongs drug action 2 by 
decreasing metabolism, 3 causes protein wasting, 4 
impairs platelet s and clotting-cascade enzyme function, 6 
and triggers postanaesthetic shivering. 7 More impor- 
tantly, core temperatures olfly 2~ below normal are 
associated with adverse patient outcomes including pro- 
longed postanaesthetic recovery, s increased bleeding 
and transfusion requirement, 9 myocardial ischaemia, 1~ 
and reduced resistance to surgical wound infection and 
prolonged hospitalization. H Conversely, hyperthermia 
can indicate infectious fever, allergic reactions, and 
skeletal muscle hypermetabolism. I2 

To detect thermal perturbations, continuous core 
temperature monitoring is now routine when general 
anaesthesia is administered for more than 30 min. 
Temperature monitoring is also appropriate when 
regional anaesthesia is used for large operations because 
hypothermia is also common during spinal and epidur- 
al anaesthesia, is Because even small changes in core 
temperature are associated with major adverse out- 
comes as described above, there is renewed interest in 
quantifying the accuracy and precision of both com- 
monly-used and proposed temperature-monitoring 
sites and methods. 

Tympanic membrane, nasopharyngeal, oesophageal, 
and pulmonary artery temperatures are generally con- 
sidered reliable.14,~s The mouth, axilla, bladder, and rec- 
tum are suitable under some circumstances, although 
these sites are less accurate than generally appreciat- 
ed)  6-1s Core temperature is frequently monitored in 
the distal oesophagus during general anaesthesia, that 
site having proved convenient, safe, and reliable. ~s 
However, tracheal temperature has been proposed as an 
easier alternative in patients requiring endotracheal 
intubation) 9;~ Although this method has been used 
during cardiopulmonary bypass, 21 experience during 
routine anaesthetic practice remains limited. 

Distal oesophageal temperature is suitable during 
endotracheal anaesthesia. However, core-temperature 
monitoring remains problematic in patients whose tra- 
cheas are not intubated, including those having 
regional anaesthesia or general anaesthesia adminis- 
tered with a laryngeal mask. Fortunately, thermody- 
namic theory supports substituting "deep-tissue" 
temperature for conventional core-temperature moni- 
toring sites. 22,2s Deep tissue temperature monitoring 
was developed by Fox 22,24 and subsequently refined by 
other investigators. 2s,2s The basis of the method is to 
null thermal flux through a cutaneous disk, thus oblit- 

erating thermal gradients between the sides of the 
disk, skin surface, and subcutaneous tissues. In prac- 
tice, this consists of heating the upper surface of  an 
insulated disk such that its temperature equals that of 
the lower surface. Under conditions of zero flux, tem- 
peratures of  the upper and lower disk surfaces equal 
that of the adjacent subcutaneous ("deep") tissue. 

Although studies indicate that this technique corre- 
lates well with core temperature, 2s,26 experience 
remains restricted. Accordingly, we compared distal 
oesophageal (reference) temperature with "deep-ster- 
nal," "deep-forehead," and tracheal temperatures, 
establishing the accuracy and precision of  each. 

Methods 
With approval of  the Ethics Committee of  the 
Yamanashi Medical University Hospital, we studied 20 
ASA physical status 1 and 2 patients undergoing 
lower-abdominal gynaecological surgery scheduled to 
last at least two hours. Preanaesthetic medication con- 
sisted of 0.5 mg atropine ira, and 1.5-2.0 mg mida- 
zolam ira. General anaesthesia was induced with 
5 mg.kg -1 of thiamylal and 0.1 mg.kg -1 ofvecuronium 
bromide iv was given to facilitate tracheal intubation. 
A Trachelon | endotracheal tube (Terumo Corp., 
Tokyo, Japan), was inserted and positioned using 
standard clinical criteria (cuff passed 1 cm through the 
vocal cords under direct visualization). The tracheal 
cuff was inflated, as usual, with 5 ml air, sufficient to 
prevent loss of  pulmonary gas at a sustained pressure 
of  30 cm H20. Anaesthesia was maintained with 
se~coflurane at an end-tidal concentration of  1.0-3.0% 
and 66% nitrous oxide in oxygen. 

Additional vecuronium was administered, as need- 
ed, to maintain one to two twitches in response to 
supramaximal train-of-four electrical stimulation of  
the ulnar nerve at the wrist. The lungs were mechani- 
cally ventilated using a partially re-breathing circle sys- 
tem (Modulus CD | Ohmeda, Liberty Corner, NJ, 
USA), at a fresh-gas flow rate of 6 L.min -l, to main- 
tain end-tidal PCO 2 near 35 mmHg. Respiratory 
gases were not warmed or humidified. A full-length 
circulating-water mattress heated to 38~ was posi- 
tioned under each patient. Intravenous fluids were 
warmed to 37~ and ambient room temperature was 
maintained near 25~ A single layer of  standard sur- 
gical draping covered each patient. 

Deep body temperatures were measured both at the 
middle of the sternum and mid-forehead using a 
Coretemp | "deep-tissue" thermometer (Terumo 
Corp.). The sensor elements, 2.5 cm in diameter were 
affixed securely with tape at the time of anaesthetic 
induction. Tracheal temperatures were monitored from 
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thermistors incorporated into endotracheal tubes. 
Distal oesophageal temperatures were measured from 
thermocouples incorporated into oesophageal stetho- 
scopes (MallJnckrodt Anaesthesiology Products, Inc., 
St. Louis, MO, USA). The stethoscopes were posi- 
tioned at the point of maximal heart sounds. All tem- 
peratures were recorded at 15-min intervals, starting 15 
�9 in after induction of anaesthesia. 

Distal oesophageal temperature was considered the 
reference value. Temperatures at the other three sites 
were compared ~ith oesophageal temperature using 
regression and Bland and Altman analyses. 27 We deter- 
mined, a priori, an accuracy (mean difference between 
reference and test temperatures) and precision (stan- 
dard deviation of'flae difference) of 0.5~ to be clini- 
cally adequate. The limit of 0.5~ was chosen because 
this variation is typical for other commonly-used tem- 
perature measuring sites such as the axilla and 
mouth.] 7 Results are expressed as mean • SD. 

Results 
The patients' height was 157 • 6 cm, weight 54 • 6 kg, 
and age 48 • i4 yr. One hundred and sixty-nine tem- 
perature sets were recorded. Oesophageal temperatures 
ranged from 34.5 to 37~ 

Tracheal, sternal, and forehead "deep" tempera- 
tures correlated similarly with distal oesophageal tem- 
perature, correlatkm coefficients (t a) being 0.7 in each 
case. The offset (oesophageal temperature minus 
study site) was considerably larger for tracheal tem- 
perature (0.7~ than for the other sites (0.2~ 
However, the standard deviations of the differences 
were comparable and relatively small (0.3~ at each 
site (Table, Figures 1, 2). 

Discuss ion  
The major finding of this study was that tracheal, 
"deep sternal", and. "deep forehead" temperatures cor- 
related similarly with distal oesophageal temperature. 
The offset (oesophageal temperature minus study site) 
was considerably larger for tracheal temperature 

TABLE. Comparison of Distal Oesophageal Temperature with 
"Deep Sternal," "Deep Forehead," and Tracheal Temperatures. 

Sternum Forehead Trachea 

Regression 

Bland & Altman 

t a 0.74 0.69 0.67 
Slope 0.91 0.90 1.00 

Mean (~ 0.1 0.2 0.7 
SD (~ 0.3 0.3 0.3 
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FIGURE IA Regression comparison of distal oesophageal tem- 
perature with "deep sternal" (A), "deep forehead" (B), and tra- 
cheal (~ temperatures. The correlation coefficients were 0.74, 
0.69, and 0.67, respectively. 
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F I G U R E  2 Bland and A l tman  compar i son  o f  distal oesophagea l  

t empera tu re  wi th  "deep  s te rna l"  (A), "deep  fo rehead"  (B), and  

tracheal  (C)  t empera tures .  The  vert ical  axis is the difference 

be tween  oesophagea l  and  the tes t  site. M e a n  t empera tu re  on  the 

hor i zon ta l  axis refers to  the average be tween  oesophagea l  and  tes t  

t empera tu re s  at  each m e a s u r e m e n t  t ime.  The  mean  offsets were  

0.1,  0.2,  and  0 .7~  respectively. Howeve r ,  the s tandard  devia t ions  

were  0 .3~  in each case. 
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(0.7~ than for the other sites (0.2~ Therefore, we 
are able to rely on and we foresee the trend of  core 
temperature monitoring with "deep" sternal, and fore- 
head temperatures. However, because of  the larger 
positive offset for tracheal temperature, hyperthermia, 
an important symptom of  malignant hyperthermia, 
could be underestimated. 

The oesophagus remains among the most common 
core-temperature monitoring sites during general 
anaesthesia. However, oesophageal temperature probes 
are difficult to position in patients receiving lung venti- 
lation via laryngeal mask airways. Furthermore,  
oesophageal stethoscopes - once routine - have been 
partially supplanted by end-tidal PCO 2 monitoring. 
Finally, the extent of  hypothermia during regional 
anaesthesia has received increasing recognition. Patients 
undergoing regional anaesthesia are presumably also 
susceptible to most hypothermia-induced complica- 
tions. These factors have prompted a search for alterna- 
tive core-temperature monitoring methods. 

The first alternative temperature monitor ing 
method we considered was the trachea. Alveolar gas is 
at core temperature but the potential difficulty with 
tracheal temperature monitoring is that the tempera- 
ture sensor may be sufficiently proximal to be cooled 
considerably respiratory gases. The critical innovation 
in tracheal temperature monitoring was to position 
the temperature sensor on the tracheal cuff periphery, 
thus keeping it in continuous contact with tracheal tis- 
sue while simultaneously shielding it from the cooling 
effects of  tracheal gases. 21 

In the absence of  respiratory gas heating and 
humidification, and at the 6 L.min -l fresh gas flow 
rate used in our analysis, the accuracy of  tracheal tem- 
perature was relatively poor whereas precision was 
adequate. Our data suggest that tracheal temperatures 
may not be an adequate substitute for conventional 
core-temperature monitoring sites. This conclusion 
differs from a previous report, 21 possibly because 
regression analysis was used in that study without a 
corresponding Bland and Altman analysis over a range 
of  core temperatures from 28 to 37~ This difference 
emphasizes how regression analysis alone (especially 
over a wide range of  values) often fails to provide all 
the information required to evaluate new technology. 
One other study evaluated the ability of  tracheal tem- 
perature to substitute for core temperature during car- 
diopulmonary bypass. 2~ A fresh gas flow of  4 L.min -l 
was used in that study, but the abstract does not spec- 
ify if airway heating and humidification were used. 
The authors found that the offset was relatively low 
(0.26~ but that the standard deviation of  the dif- 
ference was an unacceptable 0.94~ 
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The second monitoring method we evaluated was 
deep tissue temperature. In the absence of blood-borne 
convection of  heat, all tissues trader the centre of an infi- 
nitely large sensor disk would also equal core tempera- 
ture. Convection within tissues disturbs the theoretical 
equi-temperature column below the sensor disk. Our 
data nonetheless indicate that both the accuracy and pre- 
cision of  deep-tissue temperature monitoring at the ster- 
num and forehead is sufficient for clinical use. Clinicians 
can thus use whichever site is more convenient, depend- 
ing upon the position of the patient and the site of  
surgery. This finding confirms previous work. 2s,26,2s 

The core temperature range evaluated in this study 
spanned only 2~ However, most surgical patients 
are maintained within this range to prevent hypother- 
mia-induced complications. A potential difficulty with 
deep tissue tempe.rature monitoring is that producing 
an equilibrium between the disk surfaces and tissue 
layers generally requires 15 min, depending on the site 
measured, ambient temperature, and initial tissue tem- 
perature. We cont;equently recorded our first measure- 
ments 15 min after the sensor was positioned. We 
made no effort ~:o establish the time course of  this 
equilibration, as it is already known to be exponential. 

Intraoperative core temperature monitoring became 
routine in the 1970s, following recognition that malig- 
nant hyperthermia was a major cause of  preventable 
anaesthetic mortality. 12 Temperature monitoring con- 
tinues to facilitate diagnosis of  the syndrome, although 
end-tidal PCO 2 monitoring - now required by the 
American Society of  Aaaesthesiologists to document 
adequate ventilation - is more sensitive. 29 Inadvertent 
hypothermia, however, is far more common than malig- 
nant hyperthermia. Even mild hypothermia adversely 
may influences patient outcome, s-~~ In addition, hyper- 
thermia is not the first sign of  malignant hyperthermia. 
However, increased core temperature indisputably facil- 
itates interpretation of  other nonspecific signs of  the 
syndrome, such a,; tachycardia and hypercarbia. Other 
causes of intraoperative hyperthermia also need to be 
detected and appropriately treated. 

In summary, we compared distal oesophageal tem- 
perature with "deep-sternal," "deep-forehead," and 
tracheal temperatures in 20 patients undergoing gen- 
eral anaesthesia for gynaecological surgery. The accu- 
racy of  tracheal temperature was relatively poor under 
the conditions of' our study, whereas precision was 
adequate. Our data suggest that tracheal temperatures 
are not an adequate substitute for conventional core- 
temperature monitoring sites. In contrast, the accura- 
cy and precision of  deep-tissue temperature 
monitoring at the sternum and forehead was sufficient 
for clinical use. 
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