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Moderate Hypothermia Depresses Arterial
Baroreflex Control of Heart Rate during, and Delays
Its Recovery after, General Anesthesia in Humans
Makoto Tanaka, M.D.,* Go Nagasaki, M.D.,† Toshiaki Nishikawa, M.D.‡

Background: Effects of hypothermia on arterial baroreflex
function during, and on its recovery after, general anesthesia
were examined in humans.

Methods: Twenty healthy volunteers were randomly assigned
to a normothermic group (n 5 10 each, active forced-air warm-
ing) or to a hypothermic group (no active warming) during
anesthesia. Measurements of R-R intervals and systolic blood
pressure were made at conscious baseline and at 20, 60, and
120 min after the induction and 20, 60, 120, and 180 min after
emergence from general anesthesia with sevoflurane for 2 h.
Ventilation was mechanically controlled, and end-tidal sevoflu-
rane concentration was maintained at 2% during anesthesia.
Baroreflex responses were triggered by bolus intravenous in-
jections of phenylephrine and nitroprusside. The linear por-
tions of the baroreflex curves relating R-R intervals and systolic
blood pressure were determined to obtain baroslopes.

Results: During anesthesia, the mean lowest tympanic tem-
perature of the hypothermia group (33.9 6 0.5°C [mean 6 SD])
was significantly lower than that of the normothermia group
(36.1 6 0.7°C, P < 0.001). The baroslopes of the pressor and
depressor tests were decreased by 19–39% during and by 27–
53% after general anesthesia in the hypothermia group, com-
pared with the normothermia group (P < 0.05). The baroslopes
of the normothermia group returned to the baseline values at
60 min after anesthesia, whereas the pressor test sensitivity of
the hypothermia group was significantly less than that of the
normothermia group for the entire course of recovery.

Conclusions: The results indicate that moderate hypothermia
enhances anesthesia-induced depression of baroreflex function
in anesthetized humans and delays its recovery after general
anesthesia.

PERIOPERATIVE hypothermia produces undesirable
manifestations of adrenergic responses, including in-
creased norepinephrine release, peripheral vasoconstric-
tion, hypertension, and myocardial ischemia.1,2 Hypo-
thermia also predisposes patients to shivering with
associated increases in metabolic demand and cardiac
output.3 These hemodynamic consequences may be ex-
plained by a direct effect of hypothermia per se on the
cardiovascular and central nervous system4 or failure of
baroreflex function, which is an important short-term
neural control system for maintaining cardiovascular sta-
bility during hemodynamic perturbations.

In animals, baroreflex sensitivity may be enhanced,5

attenuated,6,7 or unchanged8 by moderate hypothermia
to 25–30°C, depending on the species and experimental
models. In awake, unmedicated humans, skin surface
cooling by air (18°C) elicited parasympathetic activation
but did not alter baroreflex sensitivity assessed by the
spontaneous sequence method.9 In another human
study, skin surface cooling resulted in augmentation of
the sympathetic vasoconstrictor efferent activity.10 How-
ever, in both studies, core temperature was not deter-
mined. Hypothermia has also been reported to depress
aortic (depressor) nerve activity in rabbits,6 increase
cardiac muscarinic receptor affinity to agonists in rats,11

and modify sinus node electrophysiologic activity in the
isolated dog atrium.12 Furthermore, hypoxia-induced
ventilatory response is markedly depressed during mild
hypothermia (35°C) via the central nervous system in-
volving nucleus tractus solitarius in piglets.13 These re-
sults suggest that hypothermia may modulate arterial
baroreflex function at multiple sites of the reflex arc,
including the central nervous system. However, the ex-
tent to which core hypothermia influences arterial
baroreflex function during and after general anesthesia
has not been studied in humans.

Accordingly, the purpose of the current study is of
twofold. First, we have determined whether moderate
hypothermia to a degree that may be encountered dur-
ing general anesthesia modifies arterial baroreflex con-
trol of heart rate (HR) in healthy volunteers anesthetized
with sevoflurane. Second, whether hypothermia alters
the recovery profile of baroreflex control of HR has also
been investigated.

Methods

Twenty volunteers who were classified as American
Society of Anesthesiologists physical status I and aged
22–27 yr were studied. Subjects who consumed alco-
holic beverages daily or smoked cigarettes and those
with a history of cardiovascular, pulmonary, or neuro-
logic disorders or who had taken medication in the
2 weeks before the study were excluded. Also, these
volunteers did not drink caffeine-containing beverages
for at least 24 h before the study. The study protocol was
approved by the Human Research Committee of the
University of Akita, School of Medicine (Akita-city, Ja-
pan), and informed written consent was obtained from
each subject. All subjects arrived at the operating room
after an 8- to 10-h fast, without premedication.
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An electrocardiograph monitor (lead II), a peripheral
intravenous catheter, an arterial (radial) blood pressure
catheter, and a beat-to-beat basic HR monitor (tachome-
ter) were placed in each subject while the subject
breathed room air supplemented with 2 l/min oxygen
via a face mask and was in the supine position. Electro-
cardiographic data, HR, and systolic blood pressure
(SBP) were continuously recorded on a polygraph. Tym-
panic temperature was measured throughout the study
period. Pressor and depressor tests were performed us-
ing intravenous bolus injections of phenylephrine (100–
200 mg) and nitroprusside (100–250 mg) to increase and
decrease SBP by 15–30 mmHg, respectively, before the
induction of general anesthesia (Awake). Pressor test
was always performed first. These doses were chosen
based on a previous study as well as our pilot study of
a similar age group.14 A period of stabilization, usually
5 min, between the pressor and depressor tests allowed
HR and SBP to return to the pretest values 6 5%.14

The volunteers were then randomly assigned to the
normothermia or hypothermia group (n 5 10 each). The
normothermia group received whole-body forced-air
warming set to 38°C during anesthesia to maintain con-
scious baseline temperature, whereas the hypothermia
group received no active warming. All subjects were
allowed to wear only a short-sleeved cotton shirt and
trousers. The ambient temperature was set to 20°C dur-
ing and to 25–30°C after general anesthesia to avoid
postanesthesia shivering. A circulating water mattress
and blanket were not used at any time during the study.
General anesthesia was induced in all subjects using
5% sevoflurane (inspiratory) in air (5 l/min) and oxygen
(1 l/min), and a laryngeal mask airway was inserted
without any other adjuvant. Their lungs were mechani-
cally ventilated (tidal volume 10–12 ml/kg at a respira-
tory rate of 8–10 breaths/min). Anesthesia was main-
tained with 2% end-tidal sevoflurane in air and oxygen
(fraction of inspired oxygen [FIO2] 5 34%) while end-
tidal carbon dioxide tension was maintained at 35 mmHg
throughout the anesthesia period. To ensure anesthetic
equilibration, end-tidal sevoflurane concentration was
maintained at 2% for 20 min by frequently adjusting
inspiratory sevoflurane concentrations before the sec-
ond set of pressor and depressor tests was performed
(Anesthesia-20). These tests were repeated in a similar
manner after maintaining the desired sevoflurane con-
centration for 60 and 120 min (Anesthesia-60 and -120,
respectively). Sevoflurane was then discontinued, and
after confirming the return of adequate spontaneous
respiration and responses to verbal commands, the la-
ryngeal mask airway was removed. The volunteers were
left undisturbed with supplemental oxygen 2 l/min via a
face mask. The pressor and depressor tests were re-
peated at 20, 60, 120, and 180 min after removal of the
laryngeal mask airway (Recovery-20, -60, -120, and -180,
respectively). Each set of tests was preceded by deter-

mination of end-tidal sevoflurane concentration through
a cannula advanced 2–3 cm into a naris and by having
subjects take 5 or 6 deep and regular breaths separated
by 2–3 s. Arterial blood samples were collected for
measurements of arterial blood gas tensions, plasma con-
centrations of potassium, sodium, ionized calcium, and
glucose before each set of tests. Balanced salt solution
containing 5% dextrose was administered to all subjects
at a rate of 2 ml · kg21 · h21 throughout the study. Fluid
temperature was 20°C for both groups. No other anes-
thetics, sedatives, or narcotics were used during the
study.

Power analysis based on a previous similar study and
our pilot study showed that eight patients would provide
a power greater than 0.8 (P 5 0.05) for 50% difference
in temporal baroslope changes and baroslopes of regres-
sion lines between groups.14 Data from the pressor and
depressor tests were analyzed using least-square regres-
sion analysis on the linear portion of the sigmoid relation
between SBP and R-R interval, when each R-R interval
was plotted as a function of the preceding SBP. We used
7–12 pairs of corresponding SBP and R-R intervals to
analyze each test result. The square values of all corre-
lation coefficients were greater than 0.8. Data are pre-
sented as mean 6 SD throughout the article. Changes in
baroreflex sensitivities during various stages were first
analyzed by two-way analysis of variance for repeated
measurements, and, if significant difference was de-
tected with respect to time or group, it was followed by
the Scheffé’ F test as a post hoc test to compare pretest
hemodynamic data and baroslopes between and within
groups. The chi-square test and unpaired t test were
used to compare demographic data of volunteers be-
tween groups. A P value less than 0.05 was considered
statistically significant.

Results

There were no significant differences in volunteers’
demographic data, Awake pretest SBP and HR, and
Awake tympanic temperature between the groups (table
1). All three female volunteers were in the luteal phase.
The temperature of the normothermia group decreased
significantly compared with the Awake value from An-
esthesia-20 to Anesthesia-60, whereas that of the hypo-
thermia group decreased significantly from Anesthe-
sia-20 to Recovery-60. There were significant differences
in the tympanic temperature from Anesthesia-60 to Re-
covery-60 between groups (table 1). The mean lowest
temperature of the hypothermia group (33.9 6 0.5°C)
was significantly lower than that of the normothermia
group (36.1 6 0.7°C, P , 0.001). However, no signifi-
cant difference was observed in end-tidal sevoflurane
concentration, pHa, arterial carbon dioxide tension
[PaCO2], arterial oxygen tension [PaO2], or sodium, po-
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tassium, ionized calcium, or blood glucose concentra-
tions between groups at any time during the study (data
not shown).

Pretest SBP values were significantly lower during an-
esthesia than the Awake values in both groups (table 1).
Compared with the Awake period, HR significantly in-
creased during anesthesia in the normothermia group,
whereas HR was unchanged in the hypothermia group.
Throughout the recovery period, SBP remained un-
changed compared with the Awake value in the normo-
thermia group but was significantly increased at Recov-

ery-20 and -60 periods in the hypothermia group. There
were no significant differences in the pressor and de-
pressor test sensitivities (baroslope) during the Awake
period between groups (fig. 1). Compared with Awake
values, both sensitivities decreased significantly during
general anesthesia in both groups (P , 0.001 by two-
way analysis of variance for repeated measurements with
respect to time). The pressor and depressor test sensi-
tivities of the hypothermia group were significantly less
than those of the normothermia group during general
anesthesia (P 5 0.02 and 0.04, respectively, by two-way
analysis of variance for repeated measurements with
respect to temperature). Conversely, both sensitivities of
the normothermia group returned to the conscious base-
line levels at Recovery-60, whereas the pressor test sen-
sitivities of the hypothermia group remained depressed
from Recovery-20 to Recovery-180 compared with the
baseline value and those of the normothermia group
(P 5 0.003–0.04 by Scheffé F test). The depressor test
sensitivity of the hypothermia group returned to the
baseline value at Recovery-120. Significant difference in

Table 1. Demographic Data, Pretest Systolic Blood Pressure
and Heart Rate, Tympanic Temperature, and End-tidal
Sevoflurane Concentration

Normothermia Hypothermia

Sex (male/female) 9/1 8/2
Age (yr) 23 6 1 24 6 1
Weight (kg) 65 6 9 62 6 8
Height (cm) 171 6 7 170 6 7
Awake

Pretest SBP (mmHg) 123 6 10 126 6 10
Pretest HR (beats/min) 59 6 8 60 6 4
Temperature (°C) 36.4 6 0.6 36.3 6 0.3
ETsevo 0.00 6 0.00 0.00 6 0.00

Anesthesia—20 min
Pretest SBP (mmHg) 91 6 6† 88 6 4†
Pretest HR (beats/min) 66 6 7† 65 6 10
Temperature (°C) 36.0 6 0.8† 35.1 6 0.5†
ETsevo 2.02 6 0.04 1.99 6 0.03

Anesthesia—60 min
Pretest SBP (mmHg) 91 6 10† 86 6 5†
Pretest HR (beats/min) 67 6 7† 63 6 9
Temperature (°C) 36.0 6 0.8† 34.3 6 0.5*†
ETsevo 2.04 6 0.07 2.02 6 0.04

Anesthesia—120 min
Pretest SBP (mmHg) 94 6 14† 86 6 8†
Pretest HR (beats/min) 70 6 8† 63 6 10
Temperature (°C) 36.1 6 0.7 33.9 6 0.5*†
ETsevo 2.02 6 0.07 2.00 6 0.07

Recovery—20 min
Pretest SBP (mmHg) 129 6 10 138 6 13†
Pretest HR (beats/min) 72 6 12† 69 6 12
Temperature (°C) 36.3 6 0.7 34.6 6 0.6*†
ETsevo 0.15 6 0.04 0.17 6 0.05

Recovery—60 min
Pretest SBP (mmHg) 125 6 10 137 6 10†
Pretest HR (beats/min) 66 6 14 58 6 7
Temperature (°C) 36.3 6 0.6 35.4 6 0.6*†
ETsevo 0.08 6 0.02 0.10 6 0.03

Recovery—120 min
Pretest SBP (mmHg) 122 6 12 130 6 10
Pretest HR (beats/min) 62 6 9 63 6 7
Temperature (°C) 36.4 6 0.7 36.0 6 0.5
ETsevo 0.05 6 0.01 0.06 6 0.02

Recovery—180 min
Pretest SBP (mmHg) 123 6 15 129 6 13
Pretest HR (beats/min) 64 6 8 63 6 11
Temperature (°C) 36.4 6 0.6 36.4 6 0.3
ETsevo 0.03 6 0.01 0.04 6 0.01

Values are mean 6 SD or numbers.

* P , 0.05 versus the normothermia group. † P , 0.05 versus awake values.

SBP 5 systolic blood pressure; HR 5 heart rate; ETsevo 5 end-tidal sevoflu-
rane concentration.

Fig. 1. Pressor (phenylephrine) and depressor (nitroprusside)
test sensitivities of healthy volunteers before (Awake), during
(Anesthesia), and after (Recovery) sevoflurane anesthesia. The
normothermia group subjects (n 5 10) received whole-body
forced-air heat, whereas the hypothermia group (n 5 10) re-
ceived no active warming during the entire course of the study.
Values are mean 6 SD. *P < 0.05 versus the normothermia
group by Scheffé F test. †P < 0.05 versus the Awake values by
Scheffé F test.
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the depressor test sensitivity between groups was seen
only at Recovery-20 (P 5 0.01 by Scheffé F test). The
baroslopes of both tests were decreased by 19–39%
during and by 27–53% after emergence from anesthesia
in the hypothermia group compared with the normo-
thermia group.

The mean time from discontinuance of sevoflurane
administration until laryngeal mask airway removal in all
subjects was 20 6 7 min (no significant difference be-
tween groups). The mean change in SBP during the
pressor test was 23 6 5 mmHg in the normothermia
group and 21 6 6 mmHg in the hypothermia group (P 5
0.63), whereas that during the depressor test was 22 6
9 mmHg in the normothermia group and 21 6 5 mmHg
in the hypothermia group (P 5 0.81). In the hypother-
mia group, there were no significant correlations be-
tween the lowest temperature achieved and the percent
depression of the baroslopes for the pressor and depres-
sor tests during general anesthesia (R2 5 0.044 and
0.076, respectively). No ventricular or supraventricular
arrhythmia was observed at any time during the study.

Discussion

One of the major findings of our study is that moderate
core hypothermia depresses arterial baroreflex control
of HR during and after sevoflurane anesthesia, indicating
that temperature is an important determinant of barore-
flex function in humans. It is well-known that volatile
anesthetics, including halothane,15,16 enflurane,17,18

isoflurane,19 sevoflurane,20 and desflurane,21 all attenu-
ate baroreflex function in a concentration-dependent
manner in humans. However, neither thermal manage-
ment nor core temperatures of study subjects were re-
ported in those investigations. In our study, tympanic
temperature spontaneously decreased time-dependently
without active warming during general anesthesia, and
cardiac baroslopes of the hypothermia group were less
than those of the normothermia group by as much as
40%. These considerations raise a question of whether
the reported depressive effects of volatile anesthetics on
baroreflex function were the results of volatile agents
per se rather than the combination of volatile agents and
hypothermia. Our results also showed that the depres-
sion of the pressor test sensitivity of the hypothermia
group persisted considerably longer than that of the
normothermia group. In addition, the pressor test sensi-
tivity of the hypothermia group remained significantly
less than that of the normothermia group even after the
difference in tympanic temperatures between groups
had disappeared. Therefore, maintaining normothermia
seems to be essential to minimize the persistent, detri-
mental effect of hypothermia on the recovery character-
istics of arterial baroreflex function after general
anesthesia.

Baroreflex sensitivities of the pressor and depressor
tests were significantly depressed in the immediate re-
covery period, even in the normothermia group, and at
less than one tenth of the minimum alveolar anesthetic
concentration of end-tidal sevoflurane. Whether sub-
anesthetic concentrations of sevoflurane depress arterial
baroreflex function remains to be determined. More im-
portantly, if normothermia was maintained, 1 h was
required until full recovery of baroreflex sensitivities
occurred after sevoflurane anesthesia. This is in contrast
with a previous report in which pressor test sensitivity
but not depressor test sensitivity returned to the con-
scious baseline level within 20 min after minor surgery
performed under sevoflurane and nitrous oxide anesthe-
sia.14 Postganglionic sympathetic efferent nerve stimula-
tion has been shown to directly sensitize carotid sinus
baroreceptors in cats,22 and clinically relevant plasma
norepinephrine concentration increases impulse fre-
quency of carotid baroreceptor afferent (depressor
branch) fibers in rabbits.23 Therefore, neurologic or en-
docrinologic alterations elicited by surgery and noxious
stimulation may have accelerated recovery of the pressor
test sensitivity after surgery. Other studies suggest rapid
return of baroreflex sensitivity to preanesthesia and pre-
medicated conditions after surgeries under halothane16

and isoflurane anesthesia.18 However, the results of
these studies could be confounded by the use of mor-
phine16 and atropine18 as premedication before baseline
determinations of the baroreflex function, as well as for
patients with advanced age.18

The mechanism by which hypothermia depresses ar-
terial baroreflex control of HR is not clear from our
study. Initial bradycardia associated with hypertensive
perturbation is considered to be primarily mediated by
parasympathetic augmentation rather than sympathetic
withdrawal. Cardiac cholinergic receptor affinity to ago-
nists has been reported to increase during hypothermia
in rats,11 whereas aortic depressor nerve activity deter-
mined by impulse frequency is attenuated at a given
blood pressure by decreasing perfusate temperature.6

Conversely, the subjects in the current study were rela-
tively stress-free during the postanesthesia period as op-
posed to surgical patients; therefore, hypothermia may
have increased cardiac vagal nerve activity, which could
have counteracted HR response to hypotensive pertur-
bation.9,24 Also, one cannot exclude a possible involve-
ment of the central nervous system, i.e., interaction of
hypothalamus and the medulla, because thermal recep-
tors activate afferent fibers, which terminate in the hy-
pothalamus, and hypothalamic stimulation modifies the
HR response to baroreflex activation in cats.25 The
mechanism by which hypothermia produces persistent
depression of baroreflex function after sevoflurane anes-
thesia remains to be determined.

The results of our study should be interpreted with
caution. First, our study subjects did not undergo surger-
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ies; therefore, recovery profile of baroreflex sensitivities
may not reflect those of surgical patients. Baseline
baroreflex function and the autonomic nervous system
may be influenced by various physiologic and patho-
physiologic factors, including sex,26 age,27 and history of
cardiopulmonary disorders.27,28 Furthermore, recovery
of baroreflex function may be modulated by concomi-
tant uses of narcotics,29 sedatives,30 intravenous anes-
thetics,31 and sympathetic blockade by epidural anes-
thesia32,33 during and after anesthesia. However, we
constructed our protocol to isolate effects of a volatile
anesthetic agent, hypothermia, and their interaction by
eliminating other confounding factors. Therefore, whether
perioperative hypothermia influences the recovery profile
of baroreflex function remains to be determined in ac-
tual surgical patients. Second, we have measured end-
tidal sevoflurane concentrations after general anesthesia
through a cannula advanced into a naris and tried to
minimize the effect of dilution with room air. However,
we cannot completely exclude the possibility of under-
estimating the true value of the end-tidal sevoflurane
concentration during the recovery period. Third, conclu-
sions regarding the precise association of temperature
changes with baroreflex responses are limited because
there was no controlled steady-state temperature during
which baroreflex sensitivities were determined in the ab-
sence of time-related changes in anesthetic concentration.

Conclusion

In conclusion, moderate hypothermia amplified sevoflu-
rane-induced depression of arterial baroreflex control of
HR determined by the pressor (phenylephrine) and de-
pressor (nitroprusside) tests in healthy volunteers not
undergoing surgery. Recovery of both the pressor and
the depressor test sensitivities to the conscious baseline
levels occurred within 60 min after sevoflurane anesthe-
sia in subjects with normothermia but was considerably
prolonged in those with hypothermia. Further study is
warranted to determine the mechanism of prolonged
depressive effect of hypothermia on the recovery char-
acteristics of arterial baroreflex control of HR in humans.

References

1. Frank SM, Higgins MS, Breslow MJ, Fleisher LA, Gorman RB, Sitzmann JV,
Raff H, Beattie C: The catecholamine, cortisol, and hemodynamic responses to
mild perioperative hypothermia: A randomized clinical trial. ANESTHESIOLOGY 1995;
82:83–93

2. Frank SM, Fleisher LA, Breslow MJ, Higgins MS, Olson KF, Kelly S, Beattie C:
Perioperative maintenance of normothermia reduces the incidence of morbid
cardiac events: A randomized clinical trial. JAMA 1997; 277:1127–34

3. Ralley FE, Wynands JE, Ramsay JG, Carli F, MacSullivan R: The effects of
shivering on oxygen consumption and carbon dioxide production in patients

rewarming from hypothermic cardiopulmonary bypass. Can J Anaesth 1988;
35:332–7

4. Heistad DD, Abboud FM, Mark AL, Schmid PG: Interaction of thermal and
baroreceptor reflex in man. Am J Physiol 1973; 35:581–6

5. Zheng F, Kidd C, Bowser-Riley F: Effects of moderate hypothermia on
baroreflex and pulmonary chemoreflex heart rate response in decerebrate fer-
rets. Exp Physiol 1996; 81:409–20

6. Jennifer E, Angell J: The responses of aortic arch and right subclavian
baroreceptors to changes of non-pulsatile pressure and their modification by
hypothermia. J Physiol 1971; 14:201–23

7. Papanek PE, Wood CE, Fregly MJ: Role of the sympathetic nervous system
in cold-induced hypertension in rats. J Appl Physiol 1991; 71:300–6

8. Kaul SU, Beard DJ, Millar RA: Preganglionic sympathetic activity and barore-
ceptor responses during hypothermia. Br J Anaesth 1973; 45:433–9

9. Kinugasa H, Hirayanagi K: Effects of skin surface cooling and heating on
autonomic nervous activity and baroreflex sensitivity in humans. Exp Physiol
1999; 84:369–77

10. Bini G, Hagbarth KE, Hynninen P, Wallin BG: Thermoregulatory and
rhythm-generating mechanisms governing the sudomotor and vasoconstrictor
outflow in human cutaneous nerves. J Physiol 1980; 306:537–52

11. Phan NT, Wei JW, Sulakhe PV: Temperature dependent alterations in the
cardiac muscarinic receptor conformation. Eur J Pharmacol 1980; 67:497–8

12. Kobayashi M, Godin D, Nadeau R: Sinus node responses to perfusion
pressure changes, ischemia and hypothermia in the isolated blood-perfused dog
atrium. Cardiovas Res 1984; 19:20–6

13. McCormick A, Suguihara C, Huang J, Devia C, Hehre D, Bruce JH, Bancalari
E: Depressed ventilatory response to hypoxia in hypothermic newborn piglets:
Role of glutamate. J Appl Physiol 1998; 84:830–6

14. Tanaka M, Nishikawa T: Sevoflurane speeds recovery of baroreflex control
of heart rate after minor surgical procedures compared with isoflurane. Anesth
Analg 1999; 89:284–9

15. Duke PC, Fownes D, Wade JG: Halothane depresses baroreflex control of
heart rate in man. ANESTHESIOLOGY 1977; 46:184–7

16. Carter JA, Clarke TNS, Prys-Roberts C, Spelina KR: Restoration of barore-
flex control of heart rate during recovery from anaesthesia. Br J Anaesth 1986;
58:415–21

17. Morton M, Duke PC, Ong B: Baroreflex control of heart rate in man awake
and during enflurane and enflurane-nitrous oxide anesthesia. ANESTHESIOLOGY

1980; 52:221–3
18. Takeshima R, Dohi S: Comparison of arterial baroreflex function in hu-

mans anesthetized with enflurane or isoflurane. Anesth Analg 1989; 69:284–90
19. Kotrly KJ, Ebert TJ, Vucins E, Igler FO, Barney JA, Kampine JP: Barorecep-

tor reflex control of heart rate during isoflurane anesthesia in humans. ANESTHE-
SIOLOGY 1984; 60:173–9

20. Ebert TJ, Harkin CP, Muzi M: Cardiovascular responses to sevoflurane: a
review. Anesth Analg 1995; 81:S11–22

21. Muzi M, Ebert TJ: A comparison of baroreflex sensitivity during isoflurane
and desflurane anesthesia in humans. ANESTHESIOLOGY 1995; 82:919–25

22. Sampson SR, Mills E: Effects of sympathetic stimulation on discharges of
carotid sinus baroreceptors. Am J Physiol 1970; 218:1650–3

23. Tomomatsu E, Nishi K: Increased activity of carotid sinus baroreceptors by
sympathetic stimulation and norepinephrine. Am J Physiol 1981; 240:H650–8

24. Fleisher LA, Frank SM, Sessler DI, Cheng C, Matsukawa T: Thermoregula-
tion and heart rate variability. Clin Sci 1996; 90:97–103

25. Gebber GL, Snyder DW: Hypothalamic control of baroreceptor reflexes.
Am J Physiol 1970; 218:124–32

26. Mohamed MK, El-Mas MM, Abdel-Rahman AA: Estrogen enhancement of
baroreflex sensitivity is centrally mediated. Am J Physiol 1999; 276:R1030–7

27. Gribbin B, Pickering TG, Sleight P, Peto R: Effect of age and high blood
pressure on baroreflex sensitivity in man. Circ Res 1971; 29:424–31

28. Patakas D, Louridas G, Kakavelas E: Reduced baroreceptor sensitivity in
patients with chronic obstructive pulmonary disease. Thorax 1982; 37:292–5

29. Kotrly KJ, Ebert TJ, Vucins EJ, Roerig DL, Kampine JP: Baroreceptor reflex
control of heart rate during morphine sulfate, diazepam, N2O/O2 anesthesia in
humans. ANESTHESIOLOGY 1984; 61:558–63

30. Taneyama C, Goto H, Kohno N, Benson KT, Sasao J, Arakawa K: Effects of
fentanyl, diazepam, and the combination of both on arterial baroreflex and
sympathetic nerve activity in intact and baro-denervated dogs. Anesth Analg
1993; 77:44–8

31. Ebert TJ, Muzi M: Propofol and autonomic reflex function in humans.
Anesth Analg 1994; 78:369–75

32. Takeshima R, Dohi S: Circulatory responses to baroreflexes, Valsalva ma-
neuver, coughing, swallowing, and nasal stimulation during acute cardiac sym-
pathectomy by epidural blockade in awake humans. ANESTHESIOLOGY 1985; 63:
500–8

33. Baron JF, Decaux-Jacolot A, Edouard A, Berdeaux A, Samii K: Influence of
venous return on baroreflex control of heart rate during lumbar epidural anes-
thesia in humans. ANESTHESIOLOGY 1986; 64:188–93

55BAROREFLEX AND HYPOTHERMIA

Anesthesiology, V 95, No 1, Jul 2001

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/95/1/51/652212/0000542-200107000-00013.pdf by guest on 10 April 2024


