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ABSTRACT

FADEL, P. J. Arterial Baroreflex Control of the Peripheral Vasculature in Humans: Rest and Exercise. Med. Sci. Sports Exerc., Vol. 40,
No. 12, pp. 2055–2062, 2008. Arterial baroreceptors originating in the carotid arteries and aorta play a pivotal role in the rapid reflex

adjustments that accompany acute cardiovascular stressors. There is now ample evidence to indicate that the arterial baroreflex remains

functional during exercise by resetting in direct relation to the intensity of exercise from rest to maximum. Moreover, there is

convincing evidence that a properly functioning arterial baroreflex is requisite for an appropriate neural cardiovascular response to

exercise. Importantly, an understanding of the underlying means by which the baroreflex responds to changes in blood pressure has

been elucidated. In this regard, both at rest and during exercise, alterations in stroke volume do not appear to contribute to the

maintenance of arterial blood pressure (ABP) by the carotid baroreceptors (CBR), and therefore, any reflex-induced changes in cardiac

output are the result of CBR-mediated changes in heart rate (HR). More importantly, it appears that CBR-induced changes in ABP are

primarily mediated by alterations in vascular conductance with only minimal contributions from cardiac output. Therefore, the capacity

of the CBR to regulate ABP depends critically on its ability to alter vascular tone both at rest and during exercise. Indeed, studies have

clearly indicated that active and inactive skeletal muscle vascular beds contribute to mediating CBR-induced changes in ABP. The

purpose of this review is to describe the mechanisms by which the CBR responds to alterations in ABP both at rest and during exercise

in humans with a particular emphasis on the importance of baroreflex-mediated vascular responses. Key Words: BLOOD PRESSURE,

STROKE VOLUME, CARDIAC OUTPUT, VASCULAR CONDUCTANCE, CAROTID BAROREFLEX

Arterial baroreceptors originating in the carotid
arteries and aorta play a pivotal role in the rapid
reflex adjustments that accompany acute cardio-

vascular stressors. As early as 1863, Marey (27) described
the inverse relationship that exists between heart rate (HR)
and arterial blood pressure (ABP) establishing the funda-
mental tenet of arterial baroreflex control. Subsequently,
numerous animal and human investigations have been
performed in an effort to identify the components of the
baroreceptor reflex arc, establishing the basis for our current
understanding of arterial baroreceptor anatomy, neural
processing, and overall function (Fig. 1) (26,46,48).

The carotid and aortic baroreflexes are composed of
unencapsulated free nerve endings located at the medial–
adventitial border of arteries in the carotid sinus bifurcation

and aortic arch (46,48). These mechanoreceptors function
as the sensors in a negative feedback control system (17).
Alterations in ABP cause a conformational change in the
baroreceptors leading to changes in afferent neuronal firing.
A branch of the glossopharyngeal nerve, the Hering nerve,
carries impulses from the carotid baroreceptors (CBR),
whereas small vagal branches carry impulses from the aortic
baroreceptors. These afferent signals converge centrally
within the nucleus tractus solitarius of the medulla
oblongata. When ABP is elevated, the baroreceptors are
stretched, and this deformation causes an increase in
afferent neuronal firing that results in a reflex-mediated
increase in parasympathetic nerve activity and decrease in
sympathetic nerve activity (SNA). Conversely, when ABP
is lowered, afferent firing is reduced, resulting in a decrease
in parasympathetic nerve activity and an increase in SNA.
In both cases, the neural adjustments will affect both the
heart and the blood vessels in the appropriate fashion to
return ABP to its original pressure (17).

Although the importance of the arterial baroreflex for
beat-to-beat ABP control under resting conditions has never
been refuted, the functional role of the arterial baroreflex
during exercise has been a question of considerable debate.
Indeed, several early studies reported that the arterial
baroreflex was not necessary for the cardiovascular
responses to exercise, or the sensitivity of the reflex had
been significantly attenuated by exercise (25,36). These
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studies questioned the importance of the arterial baroreflex
during exercise. However, other investigators indicated that
the baroreflex functions normally during exercise. As early
as 1966, Bevegard and Shepherd (3) reported that carotid
baroreflex regulation of ABP was unaltered during exercise.
Subsequently, in an attempt to more completely define
arterial baroreflex function during exercise, Melcher and
Donald (28) constructed full stimulus–response curves for
ABP and HR of the isolated carotid baroreceptors in
chronically instrumented exercising dogs. These investiga-
tors were the first to demonstrate that the baroreflex
function curve was reset by exercise without a change in
reflex sensitivity. Later, Potts et al. (38) confirmed these
findings in humans, demonstrating that the carotid barore-
flex is reset during exercise to functionally operate around
the prevailing pressure elicited by the exercise workload.
Additional studies have shown that this resetting occurs in
direct relation to the intensity of exercise from rest to
maximum (29,34,35). Moreover, there is now convincing
evidence that a properly functioning arterial baroreflex is
requisite for an appropriate neural cardiovascular response
to exercise (6,18,45,47,51).

This review will focus on describing recent work
emphasizing the importance of changes in vascular con-
ductance to overall arterial baroreflex control of ABP both at
rest and during exercise. Because of its unique ability in
providing a means for examining arterial baroreflex-mediated
vascular responses in humans, studies using the variable
pressure neck chamber will be highlighted. Lastly, to provide
a more comprehensive understanding of vascular control via

the baroreflex, differences in baroreflex-mediated vasomotor
responses between active and inactive skeletal muscle beds
during exercise will be discussed. It should be noted that
there are an immense number of animal and human studies
regarding baroreflex control, and therefore, it would be
impossible to discuss and reference all of the research within
this area. To partially rectify this situation, several reviews
have been cited in an attempt to direct the reader to research
that was beyond the scope of this brief review or may have
been inadvertently omitted.

ASSESSING BAROREFLEX-MEDIATED
VASCULAR RESPONSES

The variable pressure neck chamber has provided an
invaluable research tool for the assessment of carotid
baroreflex (CBR) function in human investigations
(3,9,11,13,40,41). This technique is particularly important
for the study of vascular control where traditional pharma-
cological approaches (i.e., modified Oxford technique) do
not allow for the assessment of baroreflex-mediated
vascular responses because the vasculature is being phar-
macologically manipulated. As such, the majority of studies
covered in this review will use the application of neck
pressure (NP) and/or neck suction (NS) to perturb the
carotid baroreceptors and measure the ensuing vascular
reflex responses. Therefore, a brief explanation of the
variable pressure neck chamber technique will be provided.

The development of the variable pressure neck chamber
in 1957 by Ernsting and Parry (11) initiated a long line of
experiments dedicated to ascertaining an understanding of
CBR control in humans. This technique allows for the

FIGURE 1—A schematic representation of the afferent and efferent
neural baroreflex responses to a systemic hypotensive or hypertensive
challenge. A fall in arterial blood pressure (ABP) causes the carotid
and aortic baroreceptors to detect a hypotensive stimulus leading to
decreases in afferent baroreceptor nerve firing. This reduction in
neural input to the brainstem causes a decrease in parasympathetic
nerve activity to the heart and an increase in sympathetic outflow to
the heart and vasculature. The converse occurs with increases in ABP
exposing the arterial baroreceptors to a hypertensive challenge. HR
indicates heart rate; SV, stroke volume; TVC, total vascular con-
ductance. Adapted with permission from Fadel et al. (13).

FIGURE 2—A schematic representation of the afferent and efferent
neural baroreflex responses to the application of neck pressure (NP)
and neck suction (NS). The application of NP decreases carotid sinus
transmural pressure, which is perceived by the carotid baroreceptors
as a hypotensive stimulus, thereby causing carotid sinus nerve firing to
decrease. This reduction in neural input to the brainstem causes
baroreflex-mediated decreases in parasympathetic nerve activity to
increase heart rate (HR) and reflex-mediated increases in sympathetic
nerve activity to decrease total vascular conductance (TVC) and
increase HR. These reflex autonomic adjustments are designed to
correct the decrease in pressure sensed by the carotid baroreceptors.
The converse occurs with the application of NS, which exposes the
carotid baroreceptors to a hypertensive stimulus by increasing CSTP.
MAP indicates mean arterial pressure; SV, stroke volume. Adapted
with permission from Fadel et al. (13).

http://www.acsm-msse.org2056 Official Journal of the American College of Sports Medicine

BA
SI
C
SC

IE
N
C
ES



Copyright @ 200  by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.8

noninvasive assessment of CBR function by altering carotid
sinus transmural pressure (Fig. 2). The application of NP
increases pressure within the neck chamber and causes a
decrease in carotid sinus transmural pressure, which
compresses the carotid baroreceptors, thereby exposing
them to a hypotensive stimulus evoking reflex-mediated
increases in HR and ABP. Neck suction, on the other hand,
increases carotid sinus transmural pressure, which stretches
the carotid baroreceptors and effectively delivers a hyper-
tensive stimulus eliciting reflex-mediated decreases in HR
and ABP. Aside from being noninvasive, the variable-
pressure neck chamber provides several advantages for
human studies including the following: 1) the ability to
precisely control the rate, intensity, timing, and duration of
the pressure stimulus; 2) it is nonpharmacologic; 3) a full
CBR stimulus–response curve can be constructed; and 4) it
can be applied under various experimental conditions (e.g.,
exercise or tilt table testing). Importantly, with respect to
the neck chamber, careful consideration should be given to
ensure that the collar is capable of surrounding the carotid
sinus because of a significant anatomical variation in the
location of the carotid sinus in healthy humans (39). In
addition, to maintain the selectivity of NP and NS for
isolating CBR-mediated responses, the stimulus should be
brief, thereby avoiding any adaptation of the carotid
baroreceptors or counteraction from the extracarotid baror-
eceptors (i.e., aortic and cardiopulmonary) (8,32,38).
Typically, CBR function is assessed by applying two to
four trials of random-ordered single 5-s pulses of NP and
NS ranging from +40 to j80 torr (i.e., +40, +20, j20,
j40, j60, and j80 torr) with the peak responses at each
pressure being averaged to provide a mean response
(13,38). In this way, one CBR stimulus–response curve is
derived from the averaged data points at each level of NP
and NS to effectively assess overall CBR function.

INITIAL BAROREFLEX–VASCULAR STUDIES
AT REST

Perhaps the first evidence highlighting the importance of
vascular responses to the arterial baroreflex control of blood
pressure at rest were derived by Ernsting and Parry in 1957
(11). These investigators, using the application of NS to
stimulate the CBR, noted that abolition of CBR-mediated
heart rate responses with vagal blockade (atropine sulfate
administration) had no effect on the decrease in ABP
evoked by NS. In other words, removal of the HR response
did not influence the ability of the CBR to regulate ABP,
thereby indirectly demonstrating that alterations in vaso-
motion are primarily responsible for the CBR-mediated
control of ABP. Interestingly, because decreases in blood
flow in the forearm, hand, and calf were observed with the
application of NS, it was suggested that these changes in
peripheral flow were due to a mechanical effect and that it
was likely that splanchnic vasodilation was the primary
cause of the CBR-induced decrease in ABP with the

application of NS (11). In this regard, the work of Abboud
et al. (1) indicated that the CBR was capable of evoking
significant splanchnic vasoconstriction with minimal influ-
ence on forearm constriction, whereas the cardiopulmonary
baroreceptors primarily affected forearm vascular resistance
with only a minor influence on splanchnic resistance.
However, others have indicated that the CBR does not
affect vascular resistance in the splanchnic region (12). In
general, initial findings examining the arterial baroreflex
control of the peripheral vasculature reported equivocal
results, with studies identifying significant (10), minimal
(7), or no (44) changes in vascular resistance at rest.
Nevertheless, these early studies suggested that changes in
vascular resistance were capable of contributing to the CBR
control of ABP under certain conditions.

INITIAL BAROREFLEX–VASCULAR STUDIES
DURING EXERCISE

In 1966, using the variable pressure neck chamber,
Bevegard and Shepherd (3) made the first observations in
man of preserved baroreflex control during exercise.
Although primarily cited for the maintained HR and ABP
responses to NS, these investigators were also the first to
report a clear contribution of alterations in vascular
resistance to the CBR-mediated control of blood pressure
during exercise that were similar to those observed at rest.
A few years later, Epstein et al. (10), studying seven
coronary artery disease patients with implanted electrical
stimulators in the carotid sinus nerves (CSN), supported
these initial findings by demonstrating significant decreases
in total peripheral resistance to CSN stimulation when
applied both at rest and during exercise. Interestingly, these
authors noted that the small contribution of cardiac output
(Q̇) to the ABP response elicited by CSN stimulation
applied at rest was not present during exercise. Thus, the
decrease in ABP to CSN stimulation during exercise
resulted exclusively from a fall in peripheral vascular
resistance. Collectively, these early studies provided strong
support for the importance of changes in vascular resistance
in contributing to baroreflex-mediated changes in ABP
during exercise.

These landmark studies examining arterial baroreflex
control both at rest and during exercise largely demonstrate
that the CBR is indeed capable of altering vascular
resistance in humans. Although the reason for the equivocal
results derived from these early studies, particularly under
resting conditions, is unclear, several methodological con-
siderations should be considered. First, the majority of these
studies used long-lasting stimuli to activate the barorecep-
tors (95 s). Although necessary because of the use of
venous occlusion plethysmography to measure limb blood
flow and/or dye–dilution techniques to measure Q̇ or
splanchnic blood flow, adaptation of the baroreceptors or
counteraction by the aortic baroreceptors may have influ-
enced the results. Second, in general, these studies used
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only a single intensity of carotid baroreceptor stimulation,
and therefore, the full range of response remained unclear.
Third, these early studies all used resistance to assess
vascular responsiveness, whereas it has been reported that
changes in conductance far better reflect the importance of
vascular responses to blood pressure regulation than do
changes in regional resistance (see references (4,23,30) for
review). Lastly, because Doppler ultrasound technology
was unavailable at the time of the majority of these studies,
the acquisition of beat-to-beat measurements was not
possible. This becomes quite important because of the
profound ability of the arterial baroreflex to modulate blood
pressure on a moment-to-moment basis. The remainder of
this review will focus on the extension of these initial
findings with a particular emphasis on the beat-to-beat
regulation of ABP via the baroreflex and the contribution of
Q̇ versus vascular responses.

MECHANISMS BY WHICH THE CAROTID
BAROREFLEX RESPONDS TO CHANGES IN
BLOOD PRESSURE

The CBR can respond to alterations in mean arterial
pressure (MAP) by affecting three primary physiological
variables [HR, stroke volume (SV), and total vascular
conductance (TVC)] in accordance with the following
equation:

MAP ! "HR# SV$= TVC

Numerous studies have investigated CBR control of HR
and MAP and have collectively identified key attributes that
need to be considered when evaluating overall CBR
function. For example, at rest, at the time of the peak HR
response to NP or NS, which typically occurs in 3–4 s, the
CBR-mediated change in MAP is only approximately 2–3
mm Hg (15,33,37,41). In fact, the largest change in MAP
typically does not occur until after the NP and NS pulses
are turned off, which corresponds to approximately 6–8 s
from the start of the application of a 5-s pulse of NP or NS
(Fig. 3) (15,33,41). The timing profile of this MAP
response, as depicted in Figure 3, is thought to be due to
the latency of the CBR-mediated change in muscle SNA of
approximately 1.2 to 1.5 s and the transduction time of
approximately 5.5 s from the burst of muscle SNA to a
subsequent change in vascular resistance and alteration in
ABP (16,52). Therefore, the changes in MAP induced by
alterations in carotid sinus transmural pressure with NP and
NS have been used to assess carotid–vasomotor responses
at rest and during exercise on the basis of the suggestion
that the CBR-induced changes in MAP were a function of
changes in vascular smooth muscle tone brought about by
reflex alterations in SNA. Although this rationale was
clearly justified, it had not been directly tested until
recently. First, several studies demonstrated that the
changes in MAP induced by NP and NS were directly
related to reflex-mediated changes in muscle SNA at rest

and during exercise (14,21,42). Thus, the CBR was capable
of altering efferent neural output to the skeletal muscle
vasculature both at rest and during exercise. The next key
variable that was acquired to demonstrate the importance of
CBR-mediated changes in vascular conductance was stroke
volume (SV).

Using a rapid pulse train NP/NS protocol (i.e., brief (500
ms) pulses of NP/NS from +40 to j65 torr), Levine et al.
(24) reported that SV changes minimally during acute
carotid baroreceptor stimulation. Considering the brevity of
the stimulus to the carotid baroreceptors, whether the
minimal changes observed reflected the lack of CBR
influence on SV or was a consequence of the short response
time with such a protocol remained unclear. To address this
issue, 5-s pulses of NP and NS have been used to allow for
ample time to observe any potential influence of the CBR
on SV (33). However, the application of NP and NS from
+40 to j80 torr did not cause any significant changes in SV
over a 5-s period, despite the expected CBR-mediated
changes in HR and MAP. Thus, at rest, alterations in SV do
not seem to contribute significantly to the maintenance of
ABP by the carotid baroreceptors. This indicates that any
reflex-induced changes in Q̇ are the result of CBR-mediated
changes in HR. More importantly, by obtaining SV
measurements the percentage contribution of Q̇ and TVC
to the CBR-mediated change in MAP could be calculated
(33). By proportioning the reflex-mediated MAP response
between Q̇ and TVC, it was determined that, under resting
conditions, alterations in TVC were the primary means by
which the CBR responded to acute changes in carotid sinus
transmural pressure.

FIGURE 3—A temporal depiction of the heart rate (HR) and mean
arterial pressure (MAP) responses to 5 s of +40 torr NP and the
calculated contributions of cardiac output and total vascular con-
ductance (TVC) to the carotid baroreflex (CBR)-mediated increase in
MAP. The latency of the HR response to NP/NS is faster than that of
the MAP response. Typically, changes in HR occur on a beat-to-beat
basis with the greatest change occurring around 2–4 s (i.e., before the
termination of the stimulus) and returning to baseline by the peak of
the MAP response. This temporal pattern leads to a large contribution
of cardiac output (Q̇) to the initial reflex-mediated change in MAP (i.e.,
at the time of the peak HR response) but at the time of the peak MAP
response, when HR has returned to baseline, the dominant contribu-
tion to the CBR-mediated change in MAP is reflex-induced alterations
in TVC. Redrawn with permission from Ogoh et al. (33).
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To examine more accurately the origin of the changes in
MAP induced by NP and NS, calculations of the percentage
contribution of Q̇ and TVC to the CBR-mediated change in
MAP have been made at two distinct time points. Taking
into consideration that the peak changes in HR occur early
in response to the neck pressure pulse (i.e., 3–4 s; when
MAP only changes 2–3 mm Hg) and returns to baseline at
the time of the peak MAP response, the percentage
contributions of Q̇ and TVC have been calculated not only
at the time of the peak MAP response but also at the time
of the peak HR response (Fig. 3) (33). Evaluation of the
data in this way has indicated that the rapid changes in HR
cause subsequent changes in Q̇ (SV is unaltered) that are
solely responsible for the initial reflex-mediated change in
MAP (i.e., at the time of the peak HR response). At the
same time, TVC changed minimally or responded in the
opposite direction expected for baroreflex responses during
these first few seconds. This profile changed dramatically at
the time of the peak MAP response (i.e., 6–8 s from
initiation of the stimulus), where the change in MAP
evoked by NP and NS was primarily the consequence of
alterations in TVC. Collectively, these data demonstrate that
the application of NP and NS does not alter SV. Therefore,
the HR response is a true representation of the reflex-
mediated changes in Q̇. Furthermore, alterations in TVC
predominate over Q̇ in mediating CBR changes in MAP,
validating the use of the carotid–MAP response as a
measure of carotid vasomotor responsiveness.

Although these data clearly demonstrate that, under
resting conditions, the CBR does not alter SV, questions
remained as to whether the baroreflex adjusts its ability to
alter SV during exercise. This becomes important because
of the known increases in SV that occur with exercise.
However, recently, Ogoh et al. (34) reported that alterations
in SV did not contribute to the CBR-mediated changes in
MAP during mild to heavy exercise. Thus, similar to rest,
CBR-mediated alterations in Q̇ were solely due to the reflex
changes in HR during exercise. In fact, a decrease in the
carotid–HR response range during moderate to heavy
exercise reduced the contribution of Q̇ to the CBR-mediated
change in MAP. However, it should be noted that this
diminution of the contribution of Q̇ primarily affected the
MAP response at the time of the peak HR response, because
at the time of the peak MAP response, the small contribution
of Q̇ observed at rest was eliminated even with mild exercise
(Fig. 4) (34). Hence, the predominance of alterations in
TVC to the CBR-mediated change in MAP seen at rest was
maintained during exercise. Thus, the capacity of the CBR
to regulate ABP depends critically on its ability to alter TVC
both at rest and during exercise. Similar findings indicating
the dominance of alterations in TVC contributing to CBR-
mediated changes in blood pressure have also been
identified in the dog using bilateral carotid occlusion at rest
and during treadmill exercise (5,31). Collectively, these
findings demonstrate that CBR-induced changes in MAP
are primarily mediated by changes in vasomotion.

CAROTID BAROREFLEX CONTROL OF LEG
VASCULAR CONDUCTANCE IN EXERCISING
SKELETAL MUSCLE

Of note, the contribution of the vasomotor component in
these previous human studies was based on calculated
values of TVC without a direct measure of local blood flow.
This is an important distinction because CBR-mediated
alterations in local vascular conductance may differ
between rest and exercise due to the drastic changes in the
local distribution of blood flow and the potential for a
metabolically mediated modulation of vascular control
within the exercising tissue (43). Indeed, skeletal muscle
blood flow can increase by 100-fold over resting values
during exercise (20). In addition, the normal ability of
sympathetic activation to cause vasoconstriction is attenu-
ated in active muscles, in part due to an effect of muscle
metabolites to diminish the vasoconstrictor response to
>-adrenergic receptor activation. Such modulation, termed
functional sympatholysis (2,4,19,43,50), may alter the
ability of the CBR to respond to changes in blood pressure
via vasoconstriction in active muscle. Clearly, these robust
increases and modulatory changes that occur in exercising
skeletal muscle make it imperative to examine vascular
responses directly within the active muscle. Therefore, an
understanding of the responsiveness of the local vasculature
to CBR stimulation is an important question.

Initially, Strange et al. (49) examined the importance of
the arterial baroreflex in maintaining vasoconstriction
within active skeletal muscle during moderate to severe
upright cycling exercise by measuring femoral venous
blood flow via constant infusion thermal dilution before
and during the application of NS and calculating leg
vascular conductance (LVC) responses. These investigators
reported significant increases in LVC to NS during exercise
at intensities eliciting 40–70% V̇O2max, demonstrating a

FIGURE 4—The percentage contribution of cardiac output (Q̇) and
total vascular conductance (TVC) to the carotid baroreflex (CBR)-
mediated changes in mean arterial pressure (MAP). This figure shows
the percentage contribution of Q̇ and TVC to the CBR-mediated
change in MAP at the time of the peak MAP response at rest and
during moderate cycling exercise. These data demonstrate the
dominant contribution of reflex-induced alterations in TVC to the
CBR-mediated change in MAP both at rest and during exercise.
Redrawn with permission from Ogoh et al. (34).
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clear capacity of the CBR to modulate blood flow in the
exercising vasculature. However, it should be noted that, at
a higher workload (88% V̇O2max), despite a maintained
CBR-mediated reduction in ABP, NS did not alter vascular
conductance in the exercising leg. Thus, the importance of
the active skeletal muscle bed in mediating CBR responses
may be reduced at high intensities of exercise. This suggests
that perhaps other ‘‘inactive’’ vascular beds may become
more important for the CBR control of ABP. Also, whether
these results apply to hypotensive challenges were unclear,
because the CBR–LVC responses to NP were not examined.

To begin to address this issue, Doppler ultrasound
technology has been used in combination with an estab-
lished one-legged knee extension exercise protocol to allow
for the assessment of beat-to-beat alterations in blood flow
not only within exercising but also in nonexercising skeletal
muscle (21,22,53). Leg blood flow measured at the
common femoral artery and calculated LVC responses to
5-s pulses of NP and NS were determined at rest and during
one-legged knee extension in the exercising and nonexer-
cising leg (21,22). Interestingly, although CBR-mediated
changes in MAP were similar between rest and exercise, the
CBR-mediated decreases in LVC to NP expressed as a
percentage change were attenuated in the exercising leg
compared with rest and the nonexercising leg, whereas the
absolute change in LVC was augmented. It is apparent from
these data that alterations in LVC play a significant role in
mediating CBR-induced changes in ABP both at rest and
during exercise (Fig. 5). More importantly, despite alter-
ations in CBR-mediated changes in LVC during exercise,
CBR control of blood pressure was well maintained
(21,22). Thus, a balance seems to exist between CBR
control of the vasculature and exercise-induced inhibition of
sympathetically mediated responses within the active
skeletal muscle. This likely provides for the precise
regulation of skeletal muscle blood flow to meet the
metabolic demands of the exercising muscle while at the
same time allowing for the continued regulation of blood
pressure during exercise.

An important consideration for blood pressure control
during exercise is that with the higher volume of blood
flowing through the vessels supplying active skeletal
muscles, even a reduced vasoconstriction can have a large
effect in maintaining ABP. In other words, because exercis-
ing muscle blood flow increases the CBR-mediated, absolute
change in LVC may be greater in the active muscle although
the percentage change in LVC is attenuated. Although
human studies have indeed reported a greater absolute
change in LVC to CBR stimulation during exercise (Fig. 5)
(21,22), the strongest data supporting this concept have
come from animal studies indicating that, with increasing
exercise intensity, the changes in hind limb vasculature of
an exercising dog to bilateral carotid artery occlusion
becomes significantly greater during exercise in a work-
load-dependent manner (5,31). On the basis of these animal
studies as well as their own human studies, Keller et al. (21)
presented a proposed model of baroreflex control of the
vasculature in an exercising leg (Fig. 6). In this model, a
reduced effective CBR vasoconstriction (% LVC) occurs in
the exercising leg due to functional sympatholysis at low
workloads and is maintained as exercise intensity increases.
On the other hand, as steady-state leg conductance becomes
progressively larger with increases in the exercise work-
load, the absolute changes in LVC to CBR stimulation
become progressively greater. Therefore, despite the reduced
effective vasoconstriction, the exercising leg still contributes
importantly to CBR-mediated changes in ABP with increas-
ing steady-state leg conductance. This likely contributes to
the preserved ability of the CBR to regulate ABP during
exercise as effectively as under resting conditions.

FIGURE 5—Carotid baroreflex (CBR) control of leg vascular
conductance (LVC). This figure presents CBR-mediated percentage
(left panel) and absolute (right panel) changes in LVC in response to
the application of +40 torr neck pressure (NP) and j60 torr neck
suction (NS) at rest and during one-legged knee extension exercise in
an exercising (EL) and nonexercising (NEL) leg. *Significantly differ-
ent from rest, P G 0.05. †Significantly different from NEL, P G 0.05.
Redrawn with permission from Keller et al. (22).

FIGURE 6—A proposed hypothetical model for the carotid baroreflex
(CBR) control of leg vascular conductance (LVC) in an exercising leg.
This model proposes that functional sympatholysis decreases the CBR-
mediated vasoconstrictor responses in an exercising leg (i.e., effective
CBR-vasoconstriction (% LVC); dotted line). However, as steady-state
absolute LVC increases with exercise intensity (dashed line), the CBR-
mediated changes in absolute vascular conductance become progres-
sively greater (i.e., CBR-mediated change in LVC; solid line). Thus, it
is proposed that, despite an attenuated responsiveness to sympatheti-
cally mediated vasoconstriction, the exercising leg may contribute more
to CBR-induced changes in blood pressure as steady-state leg con-
ductance increases. Redrawn with permission from Keller et al. (21).
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SUMMARY

Both at rest and during exercise, alterations in SV do not
contribute importantly to the maintenance of ABP by the
carotid baroreceptors, and therefore, any reflex-induced
changes in Q̇ are the result of CBR-mediated changes in
HR. Furthermore, the CBR-induced changes in MAP are
primarily mediated by alterations in vascular conductance,
with only minimal contributions from Q̇ to the initial reflex
MAP response. Thus, the capacity of the CBR to regulate
blood pressure depends critically on its ability to alter
vascular tone both at rest and during exercise. Indeed,
studies have clearly indicated that active and inactive
skeletal muscle vascular beds are important in mediating
CBR-induced changes in blood pressure. More importantly,

despite a clear attenuation of the CBR-mediated change in
vascular conductance in the exercising leg, CBR control of
blood pressure is well maintained during exercise. Thus, it
seems that a balance exists between CBR control of the
vasculature and exercise-induced inhibition of sympatheti-
cally mediated responses within active skeletal muscle. This
likely allows for the precise regulation of skeletal muscle
blood flow to meet the metabolic demands of the exercising
muscle while at the same time allowing for the continued
regulation of blood pressure during exercise.
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