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Background: Initial anesthetic-induced hypothermia results
largely from core-to-peripheral redistribution of heat. Nife-
dipine administration may minimize hypothermia by inducing
vasodilation well before induction of anesthesia. Although
vasodilation would redistribute heat to peripheral tissues,
thermoregulatory responses would maintain core tempera-
ture. After equilibration, the patient would be left vasodilated,
with a small core-to-peripheral temperature gradient. Minimal
redistribution hypothermia may accompany subsequent in-
duction of anesthesia, because heat flow requires a tempera-
ture gradient. In contrast, similar vasodilation concurrent with
anesthetic-induced vasodilation may augment redistribution
hypothermia. Accordingly, the authors tested the hypothesis
that nifedipine treatment for 12 h before surgery would min-
imize intraoperative redistribution hypothermia, whereas ni-
fedipine treatment immediately before induction of anesthesia
would aggravate hypothermia.

Metbods: Patients undergoing hip arthroplasty were ran-
domly assigned to: (1) 20 mg long-acting nifedipine orally 12
h before surgery, and 10 mg sublingually 1.5 h before surgery
(n = 10); (2) nifedipine 10 mg sublingually just before induc-
tion of anesthesia (n = 10); and (3) no nifedipine (control, n
= 10). Anesthesia was maintained with isoflurane and 60%
nitrous oxide. Administered intravenous fluids were heated,
but the patients were not otherwise actively warmed.
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Results: Core temperature decreased 0.8° C in the first hour
of surgery in the patients given nifedipine the night before
and the morning of surgery, which was significantly less than
in the control group (1.7° C in the first hour). In contrast,
core temperature decreased 2.0° C in the first hour of surgery
in the patients given nifedipine immediately before induction
of anesthesia, During the subsequent 70-130 min of anesthesia,
core temperature decreased at roughly comparable rates in
each group. After 130 min of anesthesia, core temperature in
the two nifedipine-treated groups differed by 1.6° C, and the
temperatures in all three groups differed significantly.

Conclusions: Vasodilation induced by nifedipine well before &
induction of anesthesia minimized redistribution hypothu’-
mia, presumably by decreasing the core-to-peripheral tissue 3
temperature gradient. In contrast, redistribution hypothermia ;
was aggravated by administration of the same drug immedi- S
ately before induction of anesthesia. Drug-induced modulation X
of vascular tone thus produces clinically important alterations 3 8
in intraoperative core temperature. (Key words: Brain: hy-
pothalamus. Calcium-channel blockers: nifedipine. Hypo-
thermia. Temperature, regulation: setpoint; threshold; vaso-
constriction. Thermoregulation. Vasodilator.)
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INDUCTION of general anesthesia increases cutancous
heat loss' and decreases metabolic heat production.?
However, the rapid decrease in core temperature typ-g
ically observed during the first hour of anesthesia can-g
not be explained simply by changes in total body heatg
balance. Instead, much of this hypothermia results from<
an internal core-to-peripheral redistribution of bodyc
heat.! Redistribution hypothermia does not trigger 'm-D
tonomic compensations during surgery, because g,er\-;g
eral anesthesia impairs central thermoregulation.*=® =
The calcium-channel blocker nifedipine is an arterialg
vasodilator that presumably increases cutaneous heat
loss. Therefore, in a preliminary study, we tested the
hypothesis that vasodilation induced by chronic nifed-
ipine treatment would decrease intraoperative Core
temperature relative to an untreated control group.®
Surprisingly, the treated patients developed consider-
ably less hypothermia than those in the control group.
Further reflection indicated that initial hypothermia in
patients chronically given nifedipine may have been
prevented because they already were vasodilated.
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Drug-induced vasodilation would facilitate redistri-
bution of core heat to peripheral tissues. Core tem-
perature, however, remains well regulated in the ab-
sence of anesthesia. Consequently, thermoregulatory
responses would generate or conserve sufficient heat
to maintain core temperature. After equilibration, the
patient would be left vasodilated, with a small core-
to-peripheral tissuc temperature gradient. In this sce-
nario, subsequent induction of general anesthesia
would produce minimal redistribution hypothermia,
because heat flow requires a temperature gradient.

A limitation of our preliminary study was that patients
were not randomly assigned to nifedipine treatment.
Consequently, it remains likely that the two groups
were not entirely comparable, and that observed dif-
ferences in core temperatures may have resulted from
confounding factors, perhaps including the underlying
pathology initially prompting nifedipine treatment.
Furthermore, our previous study did not distinguish
the effects of chronic nifedipine treatment from those
produced by acute administration; just as vasodilation
initiated well before induction of anesthesia may min-
imize redistribution hypothermia, similar vasodilation
concurrent with anesthetic-induced vasodilation may
augment the rate or magnitude of redistribution hy-
pothermia. Accordingly, we tested the hypothesis that
nifedipine treatment for 12 h before surgery would
minimize intraoperative redistribution hypothermia,
whereas nifedipine treatment immediately before in-
duction of anesthesia would aggravate hypothermia.

Materials and Methods

With approval from our local Ethics Committee and
informed consent, we studied 30 ASA Physical Status 1
and 2 patients undergoing clective total hip arthro-
plasty. None was obese, febrile, was taking vasodilators
or medications likely to alter thermoregulation, or had
a history of smoking, thyroid disease, dysautonomia,
or Raynaud’s syndrome.

Protocol

Patients were randomly assigned to one of three
groups: (1) ten were given 20 mg long-acting nifedi-
pine (Bayer, Munich, Germany) orally 12 h before sur-
gery and 10 mg sublingually 1.5 h before surgery; (2)
ten were given 10 mg sublingually just before induction
of anesthesia; and (3) ten were not given nifedipine
(control group).
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All patients received 100 mg oral hydroxyzine 1 h
before surgery. Ancsthesia was induced by administra-
tion of 5 mg/kg sodium thiopental, 2 ug/kg fentanyl,
and 0.1 mg/kg vecuronium. The patients’ tracheas were
intubated, and ventilation mechanically controlied to
maintain end-tidal P¢o, near 35 mmHg. The fresh gas
flow was maintained at 2 1/min and administered vic
a semiclosed circle system without airway heating 01§
humidification.

Anesthesia was maintained with fentanyl, isoflurane
and 60% nitrous oxide. Fentanyl was administered pe
clinical routine, in 50-ug increments, to treat increases
in blood pressure. Supplemental vecuronium was ads
ministered as needed to maintain one to two twitches
in response to supramaximal stimulation of the ulna
nerve at the wrist. At least 10 ml- kg™ < h™' of fluid wag
given intravenously, and blood products were admin
istered to maintain the hematocrit between 25 and 32%g
All administered fluids were warmed to 37° C. Patient$
were not actively warmed during anesthesia, and pa
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sive insulation was restricted to a single layer of surgicak
drape.’ 2
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Monitoring =
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Ambient temperature was measured by a thcrmocou§
ple positioned at the level of the patient, well awag
from any heat-producing e¢quipment. Core tcmpcra%
ture, before induction of anesthesia, was measured ag
the tympanic membrane. The aural probe was inserte@
until the patients felt the thermocouple touch the tymg
panic membrane; appropriate placement was con%
firmed when they easily detected a gentle rubbing og
the attached wire. The probe was then securely tapc%‘%
in place and the aural canal was occluded with cottong
Tympanic membrane temperatures correlate well with
distal esophageal temperatures during anesthesia.
After induction of anesthesia, core temperature was re
corded from the distal esophagus.

Mean skin temperature was calculated from four sitess
0.3« (Teness + Tarm) + 0.2+ (Tiign + Tewr) ' Fingertipy
blood flow was evaluated using the forearm minus fin-
gertip, skin-surface temperature gradient. There is an
excellent correlation between skin-temperature gra-
dients and volume plethysmography.'' All temperatures
were measured using Mon-a-Therm thermometers and
thermocouples (Mallinckrodt Anesthesiology Products,
St. Louis, MO).

Heart rate was monitored continuously using three-
lead electrocardiography. Blood pressure was deter-
mined oscillometrically at 5-min intervals. Respiratory
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gas concentrations were quantified using a calibrated
end-tidal gas analyzer (Datex Medical Instrumentation,
Helsinki, Finland). All other data were recorded at 10-
min intervals, starting immediately before induction of
anesthesia (“initial”’ values).

Data Analysis

As in previous studies, we considered a gradient
of 4° C to indicate significant thermoregulatory vaso-
constriction. The distal esophageal temperature trig-
gering significant vasoconstriction was considered to
be the thermoregulatory threshold.

Data such as blood pressure and end-tidal isoflurane
concentrations were recorded at the specified intervals
and then averaged, first within each patient and then
within each group. Morphometric data and results in
the two treatment groups were compared to values in
the control patients using a one-way ANOVA and Dun-
nit’s or Student—Newman-Keuls tests. As recom-
mended by Mathews et al.,"! core and mean skin tem-
peratures in each group after 60 and 130 min of anes-
thesia were compared using one-way ANOVA. All values
are expressed as means + SD; differences were consid-
ered significant when P < 0.05.

12,13

Results

The gender, age, weight, and height of the patients
in cach group did not difter significantly. The ambient

Table 1. Morphometric and Anesthetic Data

Control PM/AM Preinduction

Age (yr) 61 +14 64 + 7 62 +13
Weight (kg) 70 +12 70 +13 65 + 7
Height (cm) 1656 + 6 161 + 9 160 =+ 11
Gender (M/F) 4/6 5/5 6/4
Ambient

temperature (° C) 189+ 15 184+ 14 188+ 14
End-tidal

isoflurane (%) 09+ 04 11+ 04 10+ 05
Administered

fentanyl (ug) 255 +72 130 +63 194 +50
Fluid replacement (1) 24+ 06 20+ 05 21+ 03

Results are expressed as means = standard deviations.

Age, weight, height, gender, ambient temperature, end-tidal isoflurane concen-
tration, and volume of administered fiuid did not differ significantly from those
in the control group in the patients given nifedipine both the night before and
the morning of surgery (Pm/am) or in those given nifedipine immediately before
induction of anesthesia (preinduction). The administered fentanyl doses differed
significantly in all three groups; however, the differences were not clinically im-
portant.
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Fig. 1. Intraoperative core temperature decreased most in pa-€
tients given nifedipine only immediately before induction ofg
anesthesia (Preinduction) and least in those given nifedipine}
both the night before and the morning of surgery (PM/AM) 2
The core temperatures at 60 and 130 elapsed min differed sigd
nificantly in each of the three groups. Data are presented as
mean + SD.
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operating room temperature, end-tidal isoflurane cony
centration, and fluid replacement volume also did no@
differ significantly in the three groups. The adminisg
tered fentanyl doses differed significantly in all thrccé
groups, but the differences were not clinically imporZ
tant (table 1). Surgery lasted at least 130 min in eachg
patient.

The heart rate and blood pressure were similar in thc(%)
three groups. Preinduction core temperature was also3
similar in the three groups. Vasoconstriction occurreds
in only two patients during the study, and both were
in the group that was given nifedipine immcdiatcly‘é
before induction of anesthesia. Vasoconstriction ocg
curred after 90 and 110 min of anesthesia, at core tcm;og
peratures of 34.6 and 35.2° C, respectively. E

During the first hour of anesthesia, core temperaturd3
decreased significantly Iess in the patients given nifed-
ipine both the night before and the morning of surgery
than in the control group. In contrast, core temperature
decreased significantly more in the patients given ni-
fedipine immediately before induction of anesthesia
than in the control patients. Consequently, the de-
creases in core temperature in each of the treatment
groups differed significantly 1 h after induction. During
the subsequent 70-130 min of anesthesia, core tem-
perature decreased at comparable rates in each group
(fig. 1). Core temperature in the two nifedipine-treated
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groups differed by 1.2° C after 60 min of anesthesia,
and by 1.6° C after 130 min.

Initial mean skin-surface temperature was less in the
control patients than in the other two groups, but the
difference was not statistically significant. During sur-
gery, skin temperatures were comparable in the two
treatment groups, and significantly higher than those
in the control patients (table 2).

Discussion

Intraoperative hypothermia is common and poten-
tially dangerous.'> " It typically develops in three
phases: (1) an initial rapid decrease in core tempera-
ture, largely caused by an internal core-to-peripheral
redistribution of body heat;' (2) a slower, linear de-
crease in core temperature, apparently resulting when
heat loss exceeds metabolic heat production;? and (3)
a core temperature plateau resulting from decreased
cutancous heat loss® and constraint of metabolic heat
to the core thermal compartment,?' observed in pa-
ticnts becoming sufficiently hypothermic to trigger
thermoregulatory vasoconstriction,'**?

The importance of redistribution hypothermia is il-
lustrated by studies in which cutaneous warming is ad-
ministered only before induction of anesthesia. Such
warming minimatly alters core temperature (which re-
mains well regulated), but does increase peripheral
tissue temperature and total body heat content. The
resulting small core-to-periphery temperature gradient
minimizes redistribution hypothermia when general
anesthesia is subsequently induced.?%*

A similar mechanism apparently minimized hypo-
thermia in the patients given nifedipine both the night
before and the morning of surgery. In this case, vaso-
dilation induced by nifedipine well before induction
of anesthesia reduced the core-to-peripheral tissue
temperature gradient. Subsequent redistribution was
then minimal, because heat flow requires a tcemperature
gradient. The temperature difference between this
group and the control patients was 0.8° C after 60 min
of anesthesia, and 1.1° C after 130 min. These tem-
perature differences are probably sufticient to provoke
hypothermia-related complications, including post-
operative shivering.?®

[ Sheffield CW, Sessler DI, Hunt 'TK, Scheuenstuhl H: Mild hypo-
thermia during halothane anesthesia decreases resistance to S, Aures
dermal infection in guinea pigs. Journal of Wound Healing and Re-
generation (in press).
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Table 2. Hemodynamic Data and Temperatures

Contro}

PM/AM Preinduction

Heart rate (beats/min) 68 +13
Mean blood pressure

72 =19 77 =17

(mmHg) 100 =17 97 +19 99 =16
Initial core o
temperature (° C) 3.8+ 02 367+ 02 367x 0132
Initial skin S
temperature (° C) 323+ 07 332+ 10 330+ 102
Hypothermia in 1st h g
) 1.7+ 02 08x 02 20% 023
Hypothermia from 70 i
to 120 min (° C) 1.0+ 0.2 09+ 0.2 1.1+ 0.1 §
Core temperature Y
after 60 min (° C) 351+ 01 359+ 01 347 0.25
Skin temperature g
after 60 min (° C) 309+ 08 320+ 12 319z 0.6§
Core temperature 2
after 130 min (° C) 338+ 0.1 349+ 02 333 0.33
Skin temperature Fy
after 130 min (° C) 306+ 1.0 316+ 1.0 313 0.6§
*i

Values are expressed as means + standard deviations.

The decrease in core temperature during the 1st h of surgery, the core tem-g
perature at 60 elapsed min, and the core temperature after 130 min differed<
significantly in each of the three groups. After 60 min of anesthesia, skin tem-S
peratures were significantly less in the control patients than in the two treatment%
groups; after 130 min of anesthesia, only control and preinduction values differed s
significantly. The rate at which hypothermia developed during the 2nd h of surgeryy
was similar in all three groups.

[org,
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In distinct contrast to the patients given nifedipineg
both the night before and the morning of surgery, thosc§
given the drug only immediately before induction ofS
anesthesia became significantly more hypothermic thang
the control patients. These data indicate that nifcdipine-"gg
induced vasodilation combined with isoﬂuranc-ing
(3

duced vasodilation to aggravate redistribution hypo-s

12

thermia. S
., O

Independent of drug treatment, the amount of redis-S

tribution hypothermia depends critically on the initial'%
core-to-peripheral tissue temperature gradient. ThusS
core temperature differences produced by both nifed-
ipine regimens probably would have been exaggerated
had patients been maintained in a colder environment
for several hours before induction of anesthesia. Con-
versely, less drug effect would be expected had the
patients been maintained in a warmer environment be-
fore surgery.

The slow linear decrease in core temperature typi-
cally observed during the second through fourth hour
of anesthesia results from heat loss exceeding metabolic
heat production.® There is no evidence that nifedipine
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directly influences metabolic heat production, and it
is unlikely to do so based on its known pharmacology.
Furthermore, nonshivering thermogenesis does not
contribute to heat balance in anesthetized adults.?¢
Consequently, it is not surprising that core temperature
in cach of our three treatment groups decreased at
roughly comparable rates during this period.

Intraoperative heat balance is a function of cutaneous
radiative and convective loss, and of evaporative loss
from surgical incisions,?” both of which are strongly
influenced by ambient temperature.®® The rate at which
core temperature decreased in our patients during the
second hour of anesthesia would, thus, have been
greater had the ambient temperature been less or the
surgical procedures larger. However, the cooling rate
probably would have remained comparable in the three
groups.

Thermoregulatory vasoconstriction would not be ex-
pected in patients given =~1% isoflurane, 60% nitrous
oxide, and fentanyl, and was only observed in 2 of the
30 patients. Nifedipine is a more potent smooth muscle
dilator than verapamil or diltiazem.?” It is, therefore,
likely that these other calcium-channel antagonists
would alter heat balance less.

Blood pressures and heart rates were comparable in
our three treatment groups. The lack of clinically im-
portant hemodynamic effect noted in our anesthetized
patients is typical. Similarly, we have previously shown
that intraoperative thermoregulatory vasoconstriction
does not significantly increase mean arterial blood
pressure or decrease heart rate,” and we observed no
such effect in these patients.

Our patients were randomly assigned to one of the
three groups, but study personnel were not blinded to
treatment. Although differences in applied passive in-
sulation could, potentially, influence intraoperative
core temperature, insulation was strictly limited by
protocol to a single layer of surgical drape. Because
the major factor influencing core temperature during
the first hour of anesthesia is internal redistribution of
body heat, even active warming is nearly ineffective
during this period.”” Thus, subtle differences in applied
insulation are unlikely to explain observed objective
differences among the groups.

The amount of fentanyl administered intraoperatively
was not strictly controlled, and did differ significantly
among the groups. However, the differences between
the groups given the highest and lowest doses was only
125 pg—a dose that few clinicians would consider
clinically important over a 2-h period. Fentanyl has no
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direct vascular effects, but does decrease the threshold
for vasoconstriction.' Thermoregulatory vasocon-
striction during isoflurane anesthesia decreases cuta-
neous heat loss® and constrains metabolic heat to the
thermal core.?' Differences in administered fentanyl
doses might, therefore, have been important if vaso-
constriction occurred in large numbers of patients in
one group. However, vasoconstriction was observed in
only two patients in the entire study, and both were in
the group that was given an intermediate dose of fen-
tanyl.

In summary, vasodilation induced by nifedipine well
before induction of anesthesia minimized redistribu-
tion hypothermia, presumably by decreasing the core-
to-peripheral tissue temperature gradient. In contrast,
redistribution hypothermia was aggravated by admin-
istration of the same drug immediately before induction
of anesthesia. Drug-induced modulation of vascular
tone thus produces clinically important alterations in
intraoperative core temperature,

The authors wish to thank Mallinckrodt Anesthesia Products, Inc.,
for donating the thermocouples and thermometers used in this study.
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