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Crandall, C. G. Carotid baroreflex responsiveness in
heat-stressed humans. Am J Physiol Heart Circ Physiol 279:
H1955-H1962, 2000.— The effects of whole body heating on
human baroreflex function are relatively unknown. The pur-
pose of this project was to identify whether whole body
heating reduces the maximal slope of the carotid baroreflex.
In 12 subjects, carotid-vasomotor and carotid-cardiac barore-
flex responsiveness were assessed in normothermia and dur-
ing whole body heating. Whole body heating increased sub-
lingual temperature (from 36.4 *+ 0.1 to 37.4 = 0.1°C, P <
0.01) and increased heart rate (from 59 = 3 to 83 = 3
beats/min, P < 0.01), whereas mean arterial blood pressure
(MAP) was slightly decreased (from 88 * 2 to 83 + 2 mmHg,
P < 0.01). Carotid-vasomotor and carotid-cardiac responsive-
ness were assessed by identifying the maximal gain of MAP
and heart rate to R wave-triggered changes in carotid sinus
transmural pressure. Whole body heating significantly de-
creased the responsiveness of the carotid-vasomotor barore-
flex (from —0.20 = 0.02 to —0.13 *= 0.02 mmHg/mmHg, P <
0.01) without altering the responsiveness of the carotid-
cardiac baroreflex (from —0.40 = 0.05 to —0.36 = 0.02
beats'min '-mmHg !, P = 0.21). Carotid-vasomotor and
carotid-cardiac baroreflex curves were shifted downward and
upward, respectively, to accommodate the decrease in blood
pressure and increase in heart rate that accompanied the
heat stress. Moreover, the operating point of the carotid-
cardiac baroreflex was shifted closer to threshold (P = 0.02)
by the heat stress. Reduced carotid-vasomotor baroreflex
responsiveness, coupled with a reduction in the functional
reserve for the carotid baroreflex to increase heart rate dur-
ing a hypotensive challenge, may contribute to increased
susceptibility to orthostatic intolerance during a heat stress.

hyperthermia; baroreceptor; orthostatic intolerance

IN HUMANS whole body heating increases heart rate
(HR), cardiac output and contractility, splanchnic and
renal vascular resistances, and muscle sympathetic
nerve activity (4, 18, 21, 31). These responses, coupled
with increases in cutaneous vascular conductance, re-
sult in skin blood flow increasing upward to 7 1/min
during a heat stress (12, 18, 29). Each of the aforemen-
tioned variables contributes to the regulation of blood
pressure. Thus, during a hypotensive challenge in an

individual exposed to heat, the functional reserve to
further increase HR, cardiac output, and so forth, may
be reduced, which could contribute to a predisposition
for syncope. Alternatively, because baroreflexes can
rapidly reset (3, 7, 8, 33), it is possible that during a
heat stress, resetting occurs such that the capacity to
regulate these variables is maintained.

Relatively few studies have been performed to inves-
tigate the effects of heat stress on baroreflex function.
Investigators studying hyperthermic rats (35) and ba-
boons (10) reported that baroreceptor modulation of
HR is either increased or not changed, respectively,
compared with normothermic conditions. Gorman and
Proppe (10) clearly showed that in heat-stressed ba-
boons, the baroreflex curve was shifted upward to ac-
commodate the elevation in HR that accompanied the
heat stress. It may be inappropriate to extend these
findings to humans because physiological responses to
heat stress are different, and in some cases opposing,
among humans, rats, or baboons (12, 30). With respect
to human-based studies, Yamazaki et al. (38) quanti-
fied the effects of carotid baroreceptor loading and/or
unloading on vagally mediated changes in HR before
and during whole body heating. They found that the
maximal gain of this baroreflex was not altered, but
the baroreflex curve was elevated, which was likely an
adaptation to the increase in HR that occurred during
the heat stress. Moreover, in a follow-up study,
Yamazaki and Sone (39) calculated the slope of the
relationship between spontaneous changes in blood
pressure and corresponding baroreceptor-mediated
changes in HR in normothermic and heat-stressed hu-
mans and found that the heat stress did not alter this
method of assessing arterial baroreflex control of HR.

Little is known regarding the effects of heat stress on
carotid baroreceptor control of arterial blood pressure
in humans. On perturbing the carotid baroreceptors by
increasing or decreasing pressure within a chamber
placed on the subject’s neck, the appropriate changes
in blood pressure are observed (1, 2, 24, 26, 32). These
changes in blood pressure have been attributed pri-
marily to reflex alterations in peripheral vascular re-
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sistance (26). Assessment of the carotid-vascular
baroreflex may provide insight into the effects of heat
stress on baroreflex regulation of blood pressure. Thus
the primary purpose of this study was to assess the
effects of whole body heating on carotid baroreceptor
control of arterial blood pressure in humans.

METHODS

Subjects. Twelve subjects (9 male and 3 female) partici-
pated in the study. The subjects’ average age was 29 + 2 yr,
and all were of normal height (178 *= 2 cm), weight (73 = 2
kg), and health. A written, informed consent from each sub-
ject was obtained before subject participated in this institu-
tionally approved study.

Instrumentation. Each subject was instrumented for the
measurement of sublingual temperature with a thermocou-
ple placed under the tongue, and mean skin temperature was
derived from the electrical average of six thermocouples
attached to the skin. The subject was then dressed in a
tube-lined suit that permitted the control of skin tempera-
ture by changing the temperature of the water perfusing the
suit. Arterial blood pressure was continuously recorded, non-
invasively, from a finger (Finapres) while beat-by-beat mean
arterial pressure (MAP) was calculated by integrating indi-
vidual blood pressure waveforms. Verification of Finapres-
obtained blood pressure was confirmed in both normothermia
and during the heat stress via auscultation. Beat-by-beat HR
was obtained from the electrocardiogram (ECG).

Experimental protocol. After they were instrumented, each
subject underwent a familiarization period where they were
exposed to multiple neck pressure-suction ramps. The sub-
ject then rested in the supine position for 20-30 min before
baseline hemodynamic and temperature data were obtained.
Carotid baroreflex responsiveness was assessed via multiple
neck pressure-suction ramps. Each ramp was separated by a
minimum of 2 min. Skin temperature was then elevated by
perfusing the tube-lined suit with warm water (46°C). Once
sublingual temperature was substantially elevated, baseline
hemodynamic and temperature data were once again re-
corded. Carotid baroreflex responsiveness was again ob-
tained via multiple neck suction-pressure ramps. After the
final carotid baroreflex ramp was completed, skin and sub-
lingual temperatures were returned to preheat stress levels
by perfusing the suit with cold water.

Carotid baroreflex assessment. Carotid-cardiac and ca-
rotid-vasomotor responses were assessed using stepped
changes in neck suction and neck pressure (34). This was
accomplished by placing a silicon-lined collar around the
anterior two-thirds of the subject’s neck. At end expiration,
the subject held his/her breath, and a pressure of 40 mmHg
was delivered to the chamber for four consecutive R waves of
the subject’s ECG. With each successive R wave, the pressure
in the collar was then sequentially stepped to —65 mmHg in
15-mmHg steps. Each pressure-suction step was applied in a
stair-step manner (i.e., without venting the collar to atmo-
spheric pressure for each change in collar pressure). Each
pressure step was triggered 50 ms after the R wave of the
ECG. The ramp did not begin until the differences in R-R
intervals between three consecutive beats were <30 ms. In
both thermal conditions, six to eight neck pressure-suction
ramps were performed. Beat-by-beat changes in the R-R
interval, HR, and MAP that occurred in response to changes
in neck pressure-suction were recorded and used to calculate
carotid-cardiac and carotid-vasomotor reflex responsiveness.
Because of the defined lag time in blood pressure in response
to pulse changes in carotid sinus pressure (24, 32), MAP was
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offset by two to four beats to align this response with the
estimated carotid sinus pressure. Quantification of this blood
pressure offset was identified for each ramp by counting the
number of heartbeats before the maximal elevation in MAP
during the initial carotid hypotensive stimulus (.e., 40
mmHg neck pressure). This offset was typically larger (i.e.,
more beats) during the heat stress when HR was elevated.
Estimated carotid sinus pressure (ECSP) was calculated
from the difference between MAP and neck chamber pres-
sure.

Data collection and statistics. HR and blood pressure data
were sampled at 1,000 Hz, whereas temperature data were
sampled at 20 Hz. A customized computer program con-
trolled the neck collar device. This program also detected and
recorded the R-R intervals, HR, and MAP on a beat-by-beat
basis before, during, and after each ramp. Only those ramps
with a linear correlation coefficient between neck chamber
pressure and HR of >0.80 were accepted (24). A minimum of
four acceptable ramps were obtained and averaged for each
condition, although for most subjects five to six acceptable
ramps were obtained.

Carotid-cardiac and carotid-vasomotor responses were
evaluated by plotting the R-R intervals, HR, or MAP against
ECSP (Fig. 1). For each subject and in each thermal condi-
tion, the stimulus-response curves were fit to a four-param-
eter logistic function model as described by Kent et al. (14),
using the following equation

MAP, HR, or R-R interval
=A1'{1 + e[Az(ECSP*Ag)]}*l +A4

where A; is the range of the response (maximum — mini-
mum), A, is the gain coefficient, A is the ECSP at maximum

Operating

)
[]
14
k=4
©
(]
I .
5 point
o
2 Maximal
7] X1 R .
8 . . ) esponding
£ Centering point gain range
T
(o]
o
Q
@
1%)
c
g ECSP at
2 max gain
14
R Minimum
response

Estimated Carotid Sinus Pressure (mmHg)

Fig. 1. Schematic illustrating the primary variables identified by the
logistic function analysis. Maximal gain is the maximal slope of the
relationship between estimated carotid sinus pressure (ECSP) and
the response (i.e., heart rate or blood pressure) within the linear
portion of the curve. This variable was used as an index of carotid
baroreflex responsiveness. The responding range is the range of the
response relative to changes in ESCP. The operating point is the
response (i.e., heart rate or blood pressure) when pressure in the
chamber is zero. The centering point is the response (i.e., heart rate
or blood pressure) at the point of maximal gain of the reflex. Mini-
mum response is the lowest heart rate or blood pressure during the
hypertensive phase of the carotid sinus ramp. ECSP at maximum
(max) gain is the ECSP at the point of maximal gain of the response.
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gain, and A, is the minimum response. From this model, the
operating point (defined as the response when neck chamber
pressure is zero) and centering point (defined as the response
at maximal gain of the reflex) were calculated. The centering
point and ECSP at maximum gain were used to identify the
horizontal and vertical shifts, respectively, of the baroreflex
curve (see Fig. 1). The gain of the response was identified
from the first derivative of the logistic function and was used
as the index of carotid baroreflex responsiveness. The loca-
tion of the operating point relative to the responding range
was also calculated as follows

(operating point — minimum response) -
1.100

A paired t-test was used to compare differences in responses
between normothermic and whole body heating trials. Data
are expressed as means *= SE. The level of significance was
set at P = 0.05.

responding range ~

RESULTS

Whole body heating significantly increased sublin-
gual temperature (36.4 + 0.1t0 37.4 = 0.1°C, P < 0.01)
and HR (59 * 3 to 85 = 3 beats/min, P=0.01), whereas
MAP decreased slightly (88 =2 to 83 =2 mmHg, P <
0.01).

The heat stress significantly attenuated the max-
imum gain of the carotid-vasomotor baroreflex (Fig.
2 and Table 1). Whole body heating shifted this
baroreflex curve to a lower MAP (i.e., downward
shift) to accommodate the slight reduction in MAP
due to the heat stress. This shift was evidenced by a
significant decrease in the centering point from 86 =
2 to 81 = 2 mmHg (P < 0.01). However, ECSP at
maximal gain of the response was not significantly
altered by the heat stress (98 = 4 to 101 + 4 mmHg,
P = 0.28). Thus the heat stress did not shift the
carotid-vasomotor reflex curve to a lower ECSP, as
would be expected when blood pressure is reduced.
The location of the operating point relative to the
range of the response tended to increase by the heat
stress (P = 0.08). A shift in the operating point in
this direction would reduce the functional reserve to
buffer decreases in carotid-sinus pressure through
increasing blood pressure.

When the dependent variable was expressed as HR,
the maximal gain of the carotid-cardiac baroreflex was
unaffected by the heat stress (see Table 2); however,
the curve shifted to a higher HR (i.e., upward shift) to
accommodate the elevation in HR observed during the
heat stress (Fig. 3). This shift was statistically verified
by a significant increase in the centering point from
58 + 3 to 82 * 3 beats/min (P < 0.01). This baroreflex
curve did not shift to lower ECSP (i.e., leftward shift)
during the heat stress, as evidenced by a lack of change
in ECSP at maximal gain (91 = 4 to 95 = 2 mmHg, P =
0.15), despite a significant decrease in blood pressure
during the heat stress. The location of the operating
point relative to the range of the response was signif-
icantly elevated during the heat stress (P = 0.02). A
shift in the operating point in this direction reduces the
functional reserve to buffer decreases in carotid sinus
pressure via increasing HR.
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Fig. 2. Carotid-vasomotor baroreflex responses in normothermic
(solid lines and circles) and heat-stressed (dashed lines and squares)
humans. Top: baroreflex curve in both thermal conditions. Bottom:
gain of the baroreflex in normothermia and during the heat stress.
Whole body heating significantly reduced the gain of this baroreflex,
shifted the baroreflex curve downward to lower blood pressures, and
tended to move the operating points (open symbols) closer to thresh-
old (P = 0.08; see Table 1). MAP, mean arterial blood pressure.

When the dependent variable of the carotid-cardiac
baroreflex was expressed as the R-R interval, the max-
imal gain of this response and operational range were
significantly attenuated by the heat stress (see Fig. 4
and Table 3). Moreover, the heat stress shifted the
baroreflex curve to a lower R-R interval (decrease in
the centering point from 1,030 = 55 to 716 * 26 ms,
P < 0.01), whereas the location of the operating point
relative to the responding range was unaffected by the
heat stress (P = 0.14).

DISCUSSION

The primary finding of this study was that whole
body heating significantly attenuated carotid barore-
ceptor control of blood pressure. This conclusion was
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Table 1. Carotid-vasomotor responses

Normothermia Heat Stress P Value

Maximal gain,

mmHg/mmHg —-0.20+0.02 —0.13%x0.02 <0.01
Responding range, mmHg 9.4+1.0 7.4+1.0 <0.01
ECSP at maximum gain,

mmHg 98+4 1014 0.28
Operating point, mmHg 88+2 83+2 <0.01
Centering point, mmHg 862 81+2 <0.01
Minimum response,

mmHg 81+2 77+2 0.03
Operating point relative to

responding range, % 71+3 764 0.08

Data are expressed as means = SE. ECSP, estimated carotid sinus
pressure; responding range, range of the response to changes in
ECSP; operating point, blood pressure when pressure in the chamber
is zero; centering point, blood pressure at maximal gain of the reflex;
minimum response, lowest blood pressure during the hypertensive
phase of the carotid sinus ramp. The operating point relative to
responding range identifies the location of the operating point rela-
tive to the entire baroreflex curve, calculated as (operating
point — minimum response)-responding range*-100.

based on the observation that the maximal gain of the
carotid-vasomotor baroreflex was reduced ~35% by the
heat stress. In contrast, the maximal gain of the carot-
id-cardiac baroreflex was unaffected by the heat stress
when the dependent variable was expressed as HR.
Expressing these same data as R-R intervals revealed
a ~50% reduction in the maximal gain of the response.
Finally, the carotid-vasomotor response was shifted to
a lower MAP (i.e., downward shift), whereas the carot-
id-cardiac baroreflex curve was shifted to a higher HR
(i.e., upward shift) to accommodate the hemodynamic
changes that occur during the heat stress.
Interpretation of the effects of heat stress on the
carotid-cardiac baroreflex is conflicting depending on
whether the dependent variable is expressed as HR or

Table 2. Carotid-cardiac responses when dependent
variable is expressed as heart rate

Normothermia Heat Stress P Value

Maximal gain,

beats'min '*mmHg ' —-0.40+0.05 —0.36*+0.02 0.21
Responding range,

beats/min 12+1 13+1 0.13
ECSP at maximum

gain, mmHg 91+4 95+2 0.15
Operating point, beats/

min 60+3 85+3 <0.01
Centering point, beats/

min 58 +3 82+3 <0.01
Minimum response,

beats/min 52+2 75+3 <0.01
Operating point relative

to responding range,

% 61+7 78+4 0.02

Data are expressed as means *= SE. Operating point, heart rate
when pressure in the chamber is zero; centering point, heart rate at
maximal gain of the reflex; minimum response, lowest heart rate
during the hypertensive phase of the carotid sinus ramp. The oper-
ating point relative to responding range identifies the location of the
operating point relative to the entire baroreflex curve, calculated as
(operating point — minimum response)-responding range *-100.
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Fig. 3. Carotid-cardiac baroreflex responses in normothermic (solid
lines and circles) and heat-stressed (dashed lines and squares) hu-
mans when the dependent variable is expressed as heart rate. Top:
baroreflex curve in both thermal conditions. Bottom: gain of the
reflex in normothermia and during the heat stress. Whole body
heating did not alter the gain of this baroreflex; however, the curve
was shifted upward to higher heart rates, and the operating points
(open symbols) of the reflex were shifted closer to threshold during
the heating protocol (see Table 2). bpm, Beats/min.

as R-R intervals. Given the hyperbolic relationship
between the HR and R-R interval, coupled with a
significant increase in HR during the heat stress, the
appropriateness of expressing the carotid-cardiac re-
flex as a R-R interval may be questioned. However, the
intent of this project was not to investigate which
dependent variable should be used when assessing the
effects of heat stress on carotid-cardiac baroreflex re-
sponsiveness. For this reason, data were included that
express the carotid-cardiac baroreflex as both HR and
R-R intervals.

It is interesting to note that the carotid baroreflex
adjusts to the prevailing HR and blood pressure during
the heat stress. This is evident on observing the hori-
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Fig. 4. Carotid-cardiac baroreflex responses in normothermia (solid
lines and circles) and during whole body heating (dashed lined and
squares) when the dependent variable was expressed as R-R inter-
vals. Top: baroreflex curve in both thermal conditions. Bottom: gain
of this reflex in normothermia and during whole body heating. Heat
stress significantly attenuated the gain of this baroreflex and shifted
the baroreflex curve downward to lower R-R intervals. The location
of the operating points (open symbols) relative to the entire barore-
flex curve were not significantly altered by the heat stress.

zontal shift (i.e., change in the centering point) of the
baroreflex curves (see Figs. 2—4). Such a shift of the
baroreflex curve is necessary to appropriately buffer
changes in tension at the carotid baroreceptor when
the operating point of the baroreflex curve is changed.
Similar shifts of the carotid baroreflex curve to the
prevailing HR and/or blood pressure have been ob-
served during exercise (26), pharmacological interven-
tions (8, 33), and circadian rhythm-induced changes in
blood pressure and HR (13).

Relatively few studies have been conducted to spe-
cifically investigate the effects of heat stress on barore-
flex function. With respect to nonhuman studies, de-
pending on the technique used to assess the baroreflex
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and/or the animal model, heat stress increases or does
not change cardiac (10, 35) or vasomotor (23) baroreflex
responsiveness. To the author’s knowledge, only a few
studies have assessed the effects of heat stress on
baroreflex function in humans. Consistent with the
present study, Yamazaki et al. (38) reported that the
sensitivity of the carotid-cardiac baroreflex (expressed
as HR) was not altered during the heat stress. More-
over, in a follow-up study, Yamazaki and Sone (39)
assessed arterial baroreflex control of HR in heated
humans by quantifying the slope of the relationship
between spontaneously occurring sequences of three or
more consecutive heartbeats in which both arterial
blood pressure and interbeat intervals were simulta-
neously increasing or decreasing. On the basis of this
technique, they concluded that whole body heating did
not alter arterial baroreflex control of HR.

The mechanism resulting in impaired carotid-vaso-
motor responsiveness during the heat stress remains
unknown. One possibility is central inhibition of the
baroreflex secondary to whole body heating. The pri-
mary neural structures governing thermoregulation
are located in the hypothalamus (36), and electrical
stimulation of the hypothalamus modifies the barore-
ceptor reflex (9, 28). Thus it is possible that whole body
heating alters baroreceptor control of blood pressure
through hypothalamic modification of the baroreflex.
Such a response would likely alter efferent neural
responses associated with a change in carotid barore-
ceptor tension. However, arguing against this hypoth-
esis is the observation that the heat stress did not
change carotid-cardiac baroreflex responsiveness
(when expressed as HR). If the aforementioned hypoth-
esis is valid, it is conceivable that the heat stress would
alter efferent neural responses to both the periphery
and the heart.

An integral component of the baroreflex is the re-
sponse of a neurotransmitter at a neuroeffector junc-

Table 3. Carotid-cardiac responses when dependent
variable is expressed as R-R intervals

Heat
Normothermia Stress P Value

Maximal gain,

ms/mmHg 75*+1 3.7+0.7 <0.01
Responding range, ms 21421 12013 <0.01
ECSP at maximum

gain, mmHg 94+5 96 + 2 0.34
Operating point, ms 1,030 =55 716 =26 <0.01
Centering point, ms 1,078 £49 752+ 26 <0.01
Minimum response, ms 1,185 +t54 812+ 30 <0.01
Operating point relative

to responding range,

% 71x7 80+4 0.14

Data are expressed as means = SE. Operating point, R-R interval
when pressure in the chamber is zero; centering point, R-R interval
at maximal gain of the reflex; minimum response, highest R-R
interval (lowest heart rate) during the hypertensive phase of the
carotid sinus ramp. The operating point relative to responding range
identifies the location of the operating point relative to the entire
baroreflex curve, calculated as (operating point—minimum
response)-responding range '-100.
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tion. Kregel and Gisolfi (15) as well as Massett et al.
(17) showed that vasoconstrictor responses to a-adren-
ergic agents were significantly attenuated in heated
rats. Thus it is possible that the reduced carotid-vaso-
motor baroreflex responsiveness observed in the
present study was due to altered a-adrenergic-medi-
ated peripheral vasoconstriction. However, in the
aforementioned studies, altered a-adrenergic vasocon-
striction was not observed until the rats were heated to
core temperatures >39°C. This is in contrast to the
present study in which internal temperature did not
exceed 38°C for any subject. Moreover, it is unclear
whether the aforementioned responses observed in
heated rats also occur in heated humans. Nevertheless,
the possibility remains that the reduction in carotid-
vasomotor baroreflex function was due to impaired
peripheral vasoconstriction associated with whole body
heating.

Potts et al. (25) revealed that increasing arterial
compliance decreases the sensitivity of the carotid-
vasomotor baroreflex independently of baroreflex-me-
diated changes in HR, left ventricular contractility, or
vascular resistance. This was accomplished by increas-
ing arterial compliance approximately fourfold via in-
clusion of a hydraulic compliant chamber to the arte-
rial circulation. The effects of heat stress specifically on
arterial vascular compliance in humans are unknown.
Studies in anesthetized dogs and conscious rats sug-
gest that whole body heating either does not change or
decreases vascular compliance (6, 11, 19, 20). However,
in these animal studies, the degree of heating was
significantly more pronounced than that imposed in
the present experiment; moreover, physiological re-
sponses to a heat stress in rats and dogs relative to
humans can vary greatly (12, 30). Thus, although it is
unlikely that reduced carotid-vasomotor baroreflex re-
sponsiveness was due to an increase in arterial vascu-
lar compliance associated with the heat stress, the
present data do not permit the exclusion of this hypoth-
esis.

An alternate hypothesis leading to impaired carotid-
vasomotor baroreflex responsiveness during the heat
stress could be related to observations that the carotid
baroreflex may not have an efferent limb governing
skin blood flow (5, 37). For example, electrical stimu-
lation of the carotid sinus nerve does not consistently
decrease skin sympathetic nerve activity but decreases
muscle sympathetic nerve activity (37). This finding
suggests that the carotid baroreflex may not have an
efferent limb governing cutaneous vascular conduc-
tance. In support of this hypothesis, we were unable to
show changes in cutaneous vascular conductance in
either thermal condition during 3 min of carotid
baroreceptor unloading via 45-mmHg pulsatile neck
pressure (5). If, as these data suggest, the carotid
baroreflex does not have an efferent limb governing
cutaneous vascular conductance, then during a heat
stress, a large fraction of cardiac output is being dis-
tributed to a region (i.e., the skin) that is not under the
control of carotid baroreceptors. Therefore, when the
carotid baroreceptors are perturbed, the vasculature of
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the skin cannot be recruited to assist with the regula-
tion of blood pressure and may ultimately cause a
reduction in the responsiveness of the reflex.

Independently of changes in carotid baroreflex re-
sponsiveness, whole body heating significantly shifted
the operating point of the carotid-cardiac baroreflex
away from the centering point and closer to threshold,
whereas a tendency for this shift was revealed for the
carotid-vascular baroreflex (P = 0.08). A shift of the
operating point in this direction effectively decreases
the functional reserve of the carotid baroreceptors to
buffer decreases in blood pressure via elevating HR
and vascular resistance.

Potential limitations of the interpretation of the re-
sults. Transmission of pressure and suction from the
neck collar to the carotid sinus is incomplete (16, 27).
In the present experiment, ECSP was not adjusted to
account for this phenomenon. The intent of this study
was to assess differences in carotid baroreflex respon-
siveness between normothermic and heat stress condi-
tions. It was presumed that the neck collar pressure-
suction transmission characteristics were unaffected
by the heat stress, and thus it became unnecessary to
correct for incomplete pressure-suction transmission.
In support of this hypothesis, Querry et al. (27) re-
cently reported that neck collar pressure-suction trans-
mission characteristics during dynamic exercise were
similar to those measured during resting conditions.
Although unreported, it is reasonable to conclude that
exercise in the aforementioned study was sufficient to
increase neck skin blood flow to a level similar to that
achieved during passive heating. Thus it is doubtful
that the heat stress changed the characteristics of the
tissue of the neck sufficiently to alter the transmission
of pressure and suction from the collar to the carotid
baroreceptors. Therefore, it is wunlikely that the
changes observed in carotid-vasomotor baroreflex re-
sponsiveness in the present study would have been
altered by correcting for incomplete transmission of
pressure-suction across the tissue of the neck, because
identical adjustments would have been performed on
the data collected in both thermal conditions.

In the present study, after a period of sustained
carotid sinus hypotension, carotid sinus pressure was
changed on a beat-by-beat basis by rapidly applying
pressure or suction to a collar placed on the subject’s
neck. Recently, studies (22, 26) have been performed in
which neck collar pressure and suction were held for a
duration of 5 s at each of seven neck chamber pressures
while the subsequent maximal response was obtained,
usually within the next 5 s. One may argue that a
more-complete baroreflex response could be obtained
using the latter method, being that this method has a
longer time window in which to identify a maximal
response to a change in ECSP. Such an argument may
be valid, particularly because others (1, 2, 26) have
shown that the time required to elicit a maximal blood
pressure response to carotid sinus perturbations is
between 5 and 10 s after the perturbation. In the
present method to assess carotid-vasomotor baroreflex
sensitivity, the blood pressure responses were offset by
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only 2—4 heartbeats relative to the chamber pressure
and thus may underestimate the maximal response to
a given neck chamber pressure or suction. However, to
the author’s knowledge, no direct comparison has been
performed between the beat-by-beat and sustained
techniques to assess carotid-vasomotor baroreflex
function. Furthermore, the range of the blood pressure
response in normothermia with the present technique
was quantitatively similar to that reported in resting
subjects by Potts et al. (26), where the carotid-vascular
response was assessed using the aforementioned 5-s
sustained neck suction/pressure technique. Neverthe-
less, the possibility cannot be excluded that differing
responses could have been obtained had the sustained
neck suction-pressure technique been used to assess
carotid baroreflex function.

In summary, whole body heating decreased the re-
sponsiveness of the carotid-vasomotor baroreflex with-
out altering the responsiveness of the carotid-cardiac
baroreflex when this reflex was expressed as HR. How-
ever, these curves were shifted to a lower blood pres-
sure (i.e., downward shift) and to a higher HR (.e.,
upward shift), respectively, to accommodate the de-
crease in blood pressure and increase in HR that ac-
companied the heat stress. Reduced carotid-vasomotor
baroreflex responsiveness, as well as a reduction in the
functional reserve for the carotid baroreflex to increase
HR during a hypotensive challenge, may contribute to
increased susceptibility to orthostatic intolerance dur-
ing a heat stress.
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