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exchanger (Engstrom Edith 1000%) significantly increased mean
esophageal temperature by 0.4°, (range 0.2°-1.2° C) behind the tra-
chea (i.e, site of best heart and breath sounds).* In another study,
esophageal temperature measured distally was not affected by even
extreme changes in airway temperature unlike that measured more
proximally.*

Temperature in some patients reported by Sessler ¢t al. could have,
in spite of their positioning the probe at the site of best heart sounds,
therefore, still been influenced both by position of the temperature
probe, which could result in artifactually cooler temperatures in the
control group, and by warming of the esophagus by heated airway
gases, which could result in artifactually warmer temperature in the
temperature-controlled group. If these influences were operating,
esophageal temperatures in these two groups would be skewed in op-
posite directions.

In studies of thermoregulation, there is a premium on recording
the best and least controversial measurement of core temperature. For
this purpose, we suggest either the tympanic membrane or another
site with a temperature that correlates as closely with core temperature.
As Cork et al. have shown, this would include nasopharyngeal tem-
perature.®

* Siegel MN, Gravenstein N: Use of heat and moisture exchanger
significantly influences esophageal temperature monitoring. Submitted
for publication.
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In Reply:—Dr. Loubser’s comments provide a welcome opportunity
to discuss thermoregulatory vasoconstriction in detail. Metabolic heat
is lost primarily via convection and radiation from the skin surface.!
Decreasing cutaneous blood flow reduces environmental heat loss and
is the most consistently used thermoregulatory mechanism.? In 1931,
Grant and Bland observed that total digital skin blood flow is divided
into capillary and arteriovenous shunt components, and subsequent
studies have confirmed that peripheral skin has a dual blood supply.®

Thermoregulatory vasoconstriction is believed to occur primarily
in the cutaneous arteriovenous shunts.* As Dr. Loubser notes, these
shunts are concentrated in the fingers and toes so that blood flow to
distal extremities during cold exposure is more affected than flow to
more proximal skin (e.g., forearm).? It is precisely this distribution that
makes finger and toe temperatures useful indices of thermoregulatory
vasoconstriction. Forearm temperature js minimally affected by ther-
moregulatory vasoconstriction (e.g., forearm and core temperatures
are well correlated).® In contrast, cold exposure decreases shunt flow,
which decreases peripheral skin-surface temperature.

The decrease in peripheral flow that we observed is almost com-
pletely centrally mediated and does not result from changes in local am-
bient temperature.? The pattern of vasoconstriction indicates that pe-
ripheral cooling does not result from passive central cooling: if pe-
ripheral cutaneous flow decreased passively, the gradients would
increase smoothly as central temperature decreased. Instead, the skin
temperature gradients remained ~ —1° C until vasoconstriction, and
then increased rapidly to values = 4° G (see figure 3 in reference 6).
In studies using other anesthetics (which inhibit thermoregulation more
than halothane), we have observed patients with central temperatures
~ 32° C who maintained negative skin-surface temperature gradients.
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Central-finger tip gradients are frequently used to evaluate periph-
eral vasoconstriction because they correlate well with plethysmography,”
and thermal and helium dilution.® Since forearm temperature is ~3°
C below core temperature,® a central-finger tip gradient of 7° C is
comparable to a forearm-finger tip gradient of 4° C. When the ther-
moregulatory threshold during halothane anesthesia is determined us-
ing central-finger tip gradients, the results are similar (34.43 + 0.24°
C) to those we reported previously using skin-surface gradients (34.44
+0.28° C).8 Furthermore, the duration of anesthesia preceding a find-
ing of significant vasoconstriction with each method differed by less
than 10 min.

Since thermoregulatory vasoconstriction produces a rapid, 5-10-
fold decrease in peripheral flow, it is easily detected by both central-
finger tip and forearm-finger tip gradients. Comparing two skin-surface
temperatures (rather than central and skin temperatures) has the ad-
vantage of eliminating confounding factors caused by differences in
equipment design, skin texture, core temperature, and ambient tem-
perature, Adequate and consistent contact between skin and the ther-
mocouples is easily maintained using self-sticking Mon-a-Therm®
probes.

Although thermoregulatory vasoconstriction is believed to occur
primarily in the cutaneous arteriovenous shunts, capillary flow also
decreases.* Capillary flow can be determined using the laser Doppler
perfusion monitor which correlates well with **Xe washout,? and dy-
namic capillaroscopy.'® We have recently demonstrated a good cor-
relation between the laser Doppler perfusion index and skin-surface
temperature gradients (Doppler index = —7.9«Gradient + 67, r?
= 0.63).% We also have used multiple peripheral skin-surface monitors
to demonstrate that the pattern of vasoconstriction during anesthesia
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36T for this approach, because it is now known that integrated input from
the entire body determines thermoregulatory responses. Evidence in
. animals and birds indicates that multiple, redundant thermal inputs
T o8 from nearly every part of the body are integrated by both the spinal
o3 cord and hypothalamus.!* It is likely that thermal sensing is similar in
s T humans.
R Thus, the most useful approach to temperature monitoring is to
°. :3: . recognize that temperatures of different tissues are *real,” but that
Esophageal .. | 303: ¢ the physiological and practical significance of each varies. Fortunately,
Temperature .:: * “central” (e.g., tympanic membrane, distal esophageal, and rectal)
. 3333 . temperatures are similar in general surgical patients, so measurements
32 <4 ‘:%3 at any one of these sites reflects the bulk of the thermal input to the
. central regulatory system.
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F1G. 1. The correlation between distal esophageal and tympanic
membrane temperatures in five patients electively donating a kidney
to a relative. The regression equation is: Tympanic = 0.95* (Esoph-
ageal) + 1.56, r? = 0.98. These data indicate that a thermometer
carefully placed in the distal esophagus is a valid measure of central
body temperature.

is similar to that in cold-exposed volunteers.® These data indicate that
thermoregulatory vasoconstriction decreases both capillary and shunt
flow and is easily detected using either technique. However, the laser
Doppler monitor is expensive and fragile; it also is very sensitive to
patient movement, thus poorly suited for postoperative use. Our other
studies, in progress and in press, further characterize centrally mediated
thermoregulatory vasoconstriction using different measures of cuta-
neous perfusion. Specifically, using skin-surface gradients to identify
centrally mediated thermoregulatory vasoconstriction, we are now
quantifying the extent to which regional changes in skin circulation
decreases heat loss to the environment.

Dr. Siegel ¢t al. are concerned that esophageal temperature may
not adequately reflect central body temperature. Because several studies
document temperature gradients in the esophagus,'! we carefully po-
sitioned the combined esophageal stethoscope/thermocouples. In each
patient, the range of maximal heart sounds was identified (by the same
investigator) and the probe placed at the far end of this range. This
technique assured that the thermocouple was in the distal quarter of
the esophagus, a site that most authors agree is an excellent indicator
of central body temperature.!!"!? To validate this technique in our
patients, we compared distal esophageal and tympanic membrane tem-
peratures in five kidney donors, The excellent correlation (r = 99)
between these measurement sites is shown in figure 1.

Respiratory gas humidification and/or heating does slightly increase
(i.e,, 0.4° C) proximal esophageal temperature. However, as noted by
Dr. Siegel and colleagues, distal esophageal temperatures are unaffected
by inspired gas conditioning in adults.!® Because our measurements
were made in the distal esophagus, they are certainly valid reflections
of central temperature. In any case, overestimating central temperature
by several tenths of a degree in the patients given additional warming
would not account for the 2° C difference between the groups. Nor
would it influence interpretation of the study.

Dr. Siegel and colleagues suggest that, in studies of thermoregulation,
the “best and least controversial” temperature should be recorded. In
doing so, they imply that tympanic membrane (e.g., hypothalamic)
temperature is the "‘gold standard.” There is little physiological support
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