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Abstract The post-exercise period is associated with

hypotension, and an increased risk of syncope attributed to

decreases in venous return and/or vascular resistance.

Increased local and systemic vasodilators, sympatholysis,

and attenuated baroreflex sensitivity following exercise are

also manifest. Although resting cerebral blood flow is

maintained, cerebrovascular regulation to acute decreases

in blood pressure has not been characterized following

exercise. We therefore aimed to assess cerebrovascular

regulation during transient bouts of hypotension, before

and after 40 min of aerobic exercise at 60 % of estimated

maximum oxygen consumption. Beat to beat blood pres-

sure (Finometer), heart rate (ECG), and blood velocity in

the middle cerebral artery (MCAv; transcranial Doppler

ultrasound) were assessed in ten healthy young humans.

The MCAv-mean arterial pressure relationship during a

pharmacologically (i.v. sodium nitroprusside) induced

transient hypotension was assessed before and at 10, 30,

and 60 min following exercise. Despite a significant

reduction in mean arterial pressure at 10 min post-exercise

(-10 ± 6.9 mmHg; P \ 0.05) and end-tidal PCO2

(10 min post: -2.9 ± 2.6 mmHg; 30 min post: -3.9 ±

3.5 mmHg; 60 min post: -2.7 ± 2.0 mmHg; all P \
0.05), neither resting MCAv nor the cerebrovascular

response to hypotension differed between pre- and post-

exercise periods (P [ 0.05). These data indicate that

cerebrovascular regulation remains intact following a

moderate bout of aerobic exercise.

Keywords Exercise � Syncope � Post-exercise

hypotension � Cerebral autoregulation � Cerebral blood flow

Introduction

The period following aerobic exercise typically exhibits

arterial hypotension (Piepoli et al. 1993), orthostatic

intolerance (Murrell et al. 2007), and in some cases, loss of

consciousness (syncope) (Gratze et al. 2008a, b). Although

syncope is fundamentally due to inadequate cerebral per-

fusion, cerebrovascular regulation during dynamic changes

in blood pressure has been subject of limited study.

Regardless of the efficacy of cerebrovascular control per

se, cardiovascular control is clearly implicated in the

aetiology of syncope, as a significant drop in perfusion

pressure will produce cerebral hypoperfusion. The numer-

ous changes to cardiovascular function following exercise

have been well documented. Both cardiac and vascular

baroreflex sensitivities are reduced (Halliwill et al. 1996a,

b) with concomitant vascular sympatholysis (Halliwill

2001, Halliwill et al. 1996a); widespread local and sys-

temic release of a diverse array of vasodilators such as

nitric oxide, prostaglandins and histamine manifest
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(Charkoudian et al. 2005b; Green et al. 2010; Halliwill

2001, 2003; Rudas et al. 1999); and, there is likely an

attenuated myogenic response to increased arterial shear

stress (Dawson et al. 2008). Whether these vascular

changes are also manifest in the cerebrovasculature is

unknown.

The cerebrovasculature is endowed with intrinsic reg-

ulatory mechanisms that serve to maintain adequate brain

perfusion in the face of changing perfusion pressure

(Lucas et al. 2010; Paulson et al. 1990). Cerebral auto-

regulation (CA), the term for this apparent regulation, is

likely a regulatory amalgamation of metabolic (Ogoh and

Ainslie 2009), myogenic (Chan et al. 2011; Tzeng et al.

2011), and neurogenic mechanisms (Ainslie 2009) that

produce alterations in cerebrovascular resistance/conduc-

tance (Ainslie and Tzeng 2010) and/or compliance (Tzeng

et al. 2011). Cerebral autoregulation shows plasticity or

impairment under physiological stress [e.g., exposure to

high altitude (Subudhi et al. 2009, 2010, 2011), exercise

(Ogoh and Ainslie 2009)], or with pathology [e.g., stroke

(Aries et al. 2010) and vascular dementia (Claassen and

Zhang 2011)].

Our understanding of cerebral hemodynamics in the

period immediately post-exercise is very limited—three

studies have found no change in CA following endurance

exercise, and two studies have reported impaired CA fol-

lowing short high-intensity exercise. Following mountain

marathons, Murrell et al. (2007, 2009) reported unaltered

CA as assessed by transfer function analysis (TFA). Ogoh

et al. (2007) found maintained CA using TFA following

10 min of moderate intensity cycling. Conversely, a recent

study reported impaired CA following maximal exercise,

as assessed by the rate of regulation during suprasystolic

thigh-cuff release (Bailey et al. 2011). This is broadly

consistent with Ogoh et al. (2005) who reported augmented

TFA gain, indicative of impaired CA, following brief

(6–8 min) heavy cycling exercise to exhaustion. The dis-

parate findings between these studies could be due to dif-

ferent methods of CA assessment, or the different types of

exercise utilized, but regardless, the state of cerebrovas-

cular regulation following exercise remains equivocal.

The aim of the present study was to assess CA during a

rapid pharmacologically induced decrease in mean arterial

pressure following an exercise bout of intensity and dura-

tion consistent with daily physical activity guidelines

(Warburton et al. 2010). CA was indexed as the middle

cerebral artery velocity (MCAv)–blood pressure relation-

ship (Tzeng et al. 2010c). We sought to evaluate CA before

exercise and during the hypotensive phase following aer-

obic exercise. Given the propensity for syncope (Gratze

et al. 2008a, b) and peripheral vascular regulatory changes

manifest after exercise, we hypothesized that CA would be

impaired following 40 min of moderate intensity cycling.

Methods

Subjects

The study was approved by the New Zealand Central

Regional Ethics Committee and conformed to the standards

set by the Declaration of Helsinki. 12 healthy subjects [6

male; aged 25.2 ± 6.0 (mean ± SD) range 17–36; body

mass index 22.8 ± 3.0 kg m-2] were recruited to the

study. All subjects were screened for carotid stenosis, and

were excluded for any history of cardiovascular, respira-

tory or endocrine diseases, medications, or smoking. Based

on a self-reported questionnaire, all participants were

recreationally active, and typically engaged in low (e.g.,

walking) to moderate (e.g., jogging, cycling) intensity

aerobic activities 2–3 days/week. The possible risks of the

experimental procedures were explained to each participant

prior to their giving written informed consent. Approxi-

mately 2.5 h prior to arriving in the laboratory volunteers

ate a light meal. They abstained from any alcohol con-

sumption at least 24 h prior to the experiment, and had no

caffeine on the day of testing.

Study design

This study was designed to assess changes in cardiovagal

baroreflex sensitivity (BRS) and cerebrovascular regulation

following exercise. As part of a larger study, the former

BRS data have been previously published (Willie et al.

2011); therefore, while avoiding any overlap of data pre-

sentation, the findings presented herein are the cerebral

hemodynamic results.

Measurements

Electrocardiogram, respiratory flow (Hans Rudolph Heated

Pneumotach, HR 800), PETCO2 sampled from a facemask

(gas analyzer model CD-3A, AEI Technologies, Pitts-

burgh, PA), non-invasive beat-to-beat blood pressure via

finger photoplethysmography (Finometer, TNO-TPD Bio-

medical Instrumentation), and middle cerebral artery blood

velocity (MCAv) (Transcranial 2.5 MHz pulsed Doppler

ultrasound; Spencer Technologies, Seattle, WA) were

acquired continuously at 1 kHz per channel via an analog-

to-digital converter (Powerlab/16SP ML795; ADInstru-

ments, Colorado Springs, CO, USA). Beat-to-beat RRI,

HR, and values for systolic (SBP), diastolic (DBP), and

mean arterial blood pressure (MAP) were, respectively,

determined from the recorded ECG and arterial blood

pressure waveforms. To account for potential drift, finger

blood pressure measures were verified at the brachial artery

in the contralateral arm by sphygmomanometry. All off-

line data processing was done using custom written
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software in LabView 10 (National Instruments, Texas,

USA) on a Macintosh 2.26 GHz MacBook Pro computer.

Experimental protocol

All measurements were completed in the supine position

in a temperature-controlled laboratory (22–23 �C). Sub-

jects rested supine for 15 min following insertion of a

venous cannula in the right or left anticubital vein, and

placement of measurement apparatus. 5 min of baseline

measurements were recorded prior to one or two bolus

injections of sodium nitroprusside (SNP; see ‘‘Evaluation

of cerebral autoregulation’’, below). Subjects were moved

to an upright stationary bike for 40 min at 60 % predicted

VO2max (Swain et al. 1994); this duration and intensity

are sufficient to induce a period of post-exercise hypo-

tension (Charkoudian et al. 2003, 2005a; Halliwill et al.

1996a, b; Somers et al. 1985; Willie et al. 2011). Fol-

lowing exercise, subjects promptly resumed the supine

position. SNP injections were conducted at 10, 30, and

60 min post-exercise cessation. Changes in blood pressure

often induce concomitant ventilatory changes, and there-

fore subjects breathed to a metronome during the SNP

trials; PETCO2 was maintained within 2 mmHg through-

out SNP trials in all subjects. In our experience, paced

breathing by rate only does not significantly alter heart

rate, SBP, MAP, DBP, tidal volume, or PETCO2 com-

pared to spontaneous breathing (Tzeng et al. 2009), and

as such no restrictions were imposed on subjects’ tidal

volume.

Evaluation of cerebral autoregulation

The relationship between blood pressure and MCAv mean

was assessed during bolus SNP injections (Tzeng et al.

2010b) performed on each subject both before and after

exercise, as detailed previously (Willie et al. 2011). Briefly,

the test consisted of a 50–250 lg i.v. bolus injection of

SNP, followed 1-min later by a 150–300 lg bolus of

phenylephrine hydrochloride. The regression slope of the

MAP–MCAv relationship, where MAP was decreasing

linearly, as identified statistically using piecewise linear

regression (Taylor et al. 2011), was taken as an index of

CA. Because selection of the linear portion of the curve is

done automatically, as opposed to visual delineation by the

investigator, this method of slope calculation removes

investigator bias from analysis of CA gains. To account for

respiratory-induced oscillations in MAP, blood pressure

was binned over 2 mmHg increments, and the MAP–

MCAv relationship plotted in-phase as this yielded the

greatest correlation coefficients. This analysis gives gain

(G) values, where G = 0 indicates perfect buffering of

blood flow, whereas G = 1 indicates a purely pressure

passive relationship, and G [ 1, where MCAv falls more

rapidly than MAP, and therefore a severely reduced CA

capacity. We have previously demonstrated that this

method of CA quantification produces similar results as CA

assessed with a sit to stand maneuver, and is correlated

with CA quantified using the rate of regulation (Aaslid

et al. 1989) or autoregulatory index (Tiecks et al. 1995)

following rapid deflation of suprasystolic thigh-cuffs

(Tzeng et al. 2010c). Moreover, this method has the

advantage of not inducing pain, as does the thigh-cuff

inflation/deflation method.

Statistics

Based on the previous studies of large reductions in BRS

following exercise (Charkoudian et al. 2003; Halliwill

2001; Willie et al. 2011) and assuming similar magnitu-

dinal changes in CA, we estimated that a sample of 10

would provide 80 % power to detect a significant differ-

ence at an alpha of 0.05.

All data were assessed for parity with a normal distri-

bution using Shapiro–Wilks test. There were no statistical

differences in CA values between males and females;

therefore, data were pooled for statistical analysis. One

way repeated measures ANOVA were used to assess dif-

ferences across conditions (Greenhouse–Geiser corrected).

The Fisher transformation was used on the coefficients of

determination (R2) for MAP–MCAv regression (CA) gains

prior to ANOVA. A priori defined comparisons between

pre and post-exercise values were made using the Dunnets

test. Alpha was set to 0.05. Statistical analyses were

completed with SPSS 16.0.2 (SPSS Inc.) and Prism 4.0

(Graphpad Software, Inc., La Jolla CA, USA).

Results

Subjects

In one female subject, a drop of *15 mmHg MAP was not

attainable before exercise even with increased SNP doses;

and, one male subject did not respond to SNP at 30 min

post-exercise. Both subjects were excluded and the analysis

was based on n = 10 (5 females).

Hemodynamics

Mean resting values over the 15 s preceding each SNP

bolus are shown in Table 1. Following exercise, HR was

increased and remained elevated through 60 min post-

exercise. Although DBP did not change following exercise,

both SBP (at 10 and 30 min) and MAP were reduced at

10-min post-exercise (P \ 0.05).
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Cerebrovascular hemodynamics

Figure 1 and Table 2 show baseline and post-exercise CA;

coefficients of determination are also shown in Table 2.

CA gain was not different from the pre-exercise mean

(0.60 ± 0.17 cm s-1 mmHg-1) at any point (P = 0.262).

Table 2 also shows the changes in MCAv, PETCO2, and

MAP incurred with SNP administration. None were dif-

ferent before or after exercise with the exception of a

blunted drop in MAP at 10 min post-exercise (-13.8 ±

5.1 mmHg at 10 min post-exercise, versus -19.3 ± 4.9,

-17.6 ± 3.4, and -17.8 ± 5.5 mmHg pre-exercise, 30

and 60 min post-exercise, respectively). Despite hypoten-

sion and maintained reductions (P \ 0.05) in PETCO2 fol-

lowing exercise, MCAv was not significantly different at

any point (Table 1). A linear regression of the percentage

change from baseline values at each time point following

exercise between MCAv with PETCO2 and between CA

and MAP yielded no significant relationships (P [ 0.05).

The two subjects with the greatest CA (see Fig. 1) at

10 min post-exercise were both young females, with low

resting MAP. They were not statistically significant outli-

ers, and their removal from the data set did not change any

of the values or relationships described above. Conse-

quently, they were included in the dataset.

Discussion

In this study, we aimed to characterize the cerebrovascular

response to pharmacologically induced transient hypoten-

sive episodes before and within 1 h after aerobic exercise.

In contrast to our hypothesis, we found that CA was not

impaired following exercise. Interestingly, we observed

that resting MCAv was well maintained during the post-

exercise period despite two factors that are known to

reduce CBF: hypotension and hypocapnia.

Cerebral perfusion following exercise

Few studies have explicitly assessed brain perfusion or CA

following exercise (Smith et al. 2010). Murrell et al. (2007,

2009) studied cardiovascular control and orthostatic toler-

ance following a mountain marathon using TFA to assess

CA. Although time to syncope was reduced post-exercise,

there was no difference in transfer function gain or phase

following the marathon. A critical consideration, however,

is that end-tidal CO2 was not measured, and was likely

decreased with hyperventilation during upright tilt (Imm-

ink et al. 2006). Hypocapnia has two important implica-

tions, a direct reduction in cerebral blood flow (Ainslie and

Duffin 2009) and a potentially enhanced CA (Aaslid et al.

1989). Both of these factors will influence the time to

syncope, making interpretation of these data in the context

Table 1 Summary of cardiovascular and respiratory variables immediately preceding CA measurement in each condition

Variable Pre-exercise 10 min post-exercise 30 min post-exercise 60 min post-exercise ANOVA

HR, beats/min 63 ± 14 88 ± 12* 77 ± 13* 76 ± 13* \0.01

MAP, mmHg 82 ± 9 72 ± 13* 73 ± 9 78 ± 13 0.031

SBP, mmHg 136 ± 12 112 ± 14* 116 ± 13* 129 ± 17 \0.01

DBP, mmHg 62 ± 9 55 ± 12 56 ± 8 59 ± 11 0.096

MCAv, cm s-1 81 ± 13.2 78 ± 16.5 76 ± 19.0 76 ± 19.8 0.452

PETCO2, mmHg 39.8 ± 3.6 36.9 ± 5.0* 35.9 ± 4.3* 37.1 ± 4.6* 0.005

CVR, mmHg-1 cm s-1 1.1 ± 0.24 1.0 ± 0.28 1.0 ± 0.35 1.1 ± 0.35 0.347

CVC, cm s-1 mmHg-1 0.98 ± 0.22 1.1 ± 0.38 1.0 ± 0.29 0.98 ± 0.27 0.239

Values are mean ± SD; n = 10

HR heart rate, MAP mean arterial pressure, SBP systolic blood pressure, DBP diastolic blood pressure, MCAv middle cerebral artery blood

velocity, PETCO2 end-tidal carbon dioxide, CVR cerebrovascular resistance, CVC cerebrovascular conductance

* P \ 0.05 versus pre-exercise

Fig. 1 Mean (squares; ± SD) and individual (circles, hatched lines)

dynamic cerebral autoregulatory gain values assessed during tran-

siently falling blood pressure following bolus venous sodium

nitroprusside injection. *Differences from pre-exercise; P \ 0.05
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of post-exercise cerebrovascular regulation difficult. Con-

sidering that cerebral blood flow changes 3–5 % for each

1 mmHg change in PaCO2 (Ainslie and Duffin 2009) and

that PETCO2 was reduced by *4 mmHg at 30 min post-

exercise, CBF was well maintained following exercise. Our

data are broadly supported by Scott et al. (2008) who

observed that PEH did not contribute to orthostatic chal-

lenge-associate changes in cerebral tissue oxygenation.

Collectively, these data support the notion that CA is

unaltered into the post-exercise hypotensive phase.

Cardiovascular control following exercise

Following exercise, there are numerous cardiac and vas-

cular alterations that affect the control of blood pressure,

particularly in response to an orthostatic challenge. Fol-

lowing 30–60 min of aerobic exercise, normotensive indi-

viduals exhibit a drop in MAP of 5–10 mmHg lasting

almost 2 h; these reductions may be more marked and last

for longer in hypertensive individuals (Halliwill 2001). This

period is associated with attenuated sympathetic vascular

BRS (Halliwill et al. 1996a), decreased total sympathetic

outflow (Kulics et al. 1999; Piepoli et al. 1993), and blunted

transduction of efferent vascular sympathetic nerve activity

into peripheral vasoconstriction (Halliwill et al. 1996a).

This sympatholysis (and consequent drop in total peripheral

resistance) is not fully compensated for by increased heart

rate and cardiac output, and also yields a reduced ability to

maintain CVP with an orthostatic challenge. Indeed, Mur-

rell et al. (2007) found that stroke volume was significantly

reduced following a mountain marathon, yielding a

5 ± 21 % transient decrease in cardiac output upon initial

standing versus the 20 ± 19 % increase observed before

exercise. The resultant decreased time to syncope during a

tilt-test was also found to be unrelated to the magnitude of

post-exercise hypotension (Murrell et al. 2010), suggesting

the post-exercise disposition to syncope is related to the

post-exercise period, not the hypotensive state per se. A

number of investigators have reported an independent

relationship between cardiac output and stroke volume with

CBF, which may be of particular relevance to the cerebro-

vasculature in the context of transient hypotension.

Whereas increased cerebral perfusion pressure can be

attenuated through increased resistance/reduced conduc-

tance, if perfusion pressure falls too much, no amount of

cerebrovascular dilation will maintain brain perfusion.

Nonetheless, in the present study, where SNP was utilized

to drive acute decreases in blood pressure, the cerebrovas-

culature itself retains its regulatory capabilities.

Technological considerations

Assessment of CA

We aimed to assess the cerebral hemodynamic response

during falling blood pressure. Previous studies have

observed both altered (Ogoh et al. 2005) and unaltered

(Ogoh et al. 2007) post-exercise CA assessed using TFA.

However, the physiological meaning of TFA parameters is

equivocal—they provide metrics that describe the temporal

and amplitudinal relationship between cerebral perfusion

pressure and flow; to what extent transfer function coher-

ence, gain, and phase reflect CA (Zhang et al. 2009; Tzeng

et al. 2011) or alter the risk of syncope is unclear. Fur-

thermore, these TFA measures cannot dissociate the cere-

brovascular response to rising and falling blood pressure—

this is problematic because data indicate CA may be more

sensitive to rising than falling arterial blood pressure

(Aaslid et al. 2007; Tzeng et al. 2010a); reduced CA effi-

cacy during falling blood pressure is likely of particular

relevance to the study of syncope. The present study was

designed to investigate CA to falling blood pressure per se,

and is the only study that has done so. As such, our findings

of no post-exercise change in CA are likely more robust

than other studies utilizing spontaneous methods of CA

quantification (e.g. Murrell et al. 2007; Ogoh et al. 2005).

Table 2 Variable summary with bolus injection of sodium nitroprusside relative to pre-injection values (n = 10)

Change with SNP

Variable Pre-exercise 10 post 30 post 60 post ANOVA

DMAP, mmHg -19.3 ± 4.9 -13.8 ± 5.1* -17.6 ± 3.4 -17.8 ± 5.5 0.038

DMCAv, cm/s -6.8 ± 4.1 -3.9 ± 4.8 -6.8 ± 3.9 -5.8 ± 4.7 0.208

DPETCO2, mmHg 0.41 ± 0.9 1.08 ± 1.3 1.4 ± 2.0 1.39 ± 2.2 0.43

CA gain, cm s-1 mmHg-1

[R2 ± SD]

0.60 ± 0.17

[0.76 ± 0.09]

0.74 ± 0.44

[0.83 ± 0.10]

0.60 ± 0.25

[0.84 ± 0.10]

0.51 ± 0.26

[0.80 ± 0.12]

0.262

[0.303]

Values are mean ± SD; n = 10

MAP mean arterial pressure, MCAv middle cerebral artery blood velocity, PETCO2 end-tidal CO2, CA cerebral autoregulation

D indicates change relative to pre-SNP injection values

* Change from pre-exercise values (P \ 0.05)
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The physiological processes that comprise CA are

incompletely understood, and subject to constant debate

amongst researchers. Cerebral autoregulation is conven-

tionally held to refer to changes in resistance at the level of

the pial arterioles; however, there are likely other processes

that serve to maintain cerebral perfusion. Because we

measured the linear segment of the MAP–MCAv rela-

tionship, this value does not necessarily reflect the ability

of the cerebrovasculature to actively dilate in response to

hypotension, but is rather an index of resistive flow gain.

This value does not give a complete description of cerebral

autoregulation, but, indeed, there is no ‘‘gold-standard’’

metric of CA; the present method correlates well with other

methods of dynamic CA quantification. However, it is

nonetheless difficult to interpret any metric of CA because

of this mechanistic ambiguity with respect to the physiol-

ogy of CA. The meaning of the high dispersion of CA at

10 min post-exercise is similarly equivocal. That the

magnitude of the post-exercise change in CA gain was not

related to the change in MCAv, PETCO2 or MAP suggests a

high-degree of inter-subject variability of cerebrovascular

regulation following exercise. Thus, future studies

attempting to identify the mechanisms of post-exercise

syncope need to take this variation into consideration, and

must have the means to directly assess the cerebral vessels;

neck vascular ultrasound and high-resolution magnetic

resonance imaging are likely methodological candidates to

address these questions in humans.

Experimental considerations

TCD only gives a reliable index of flow if the MCA diameter

does not change; a direct effect of SNP on the cerebrovas-

culature is a possible confounder. It has been reported,

however, that sodium nitroprusside administered during

craniotomy did not directly produce changes in MCA

diameter (Paulson et al. 1990; Rapela et al. 1967; Robinson

et al. 2003). Two studies have found regulation of resistance

vessels within the cerebrovasculature to be nitric oxide

independent (Joshi et al. 1997; Lavi 2003), indicating there is

likely no direct effect of SNP on downstream cerebrovas-

cular resistance. Moreover, BP manipulation with drugs

avoids other confounders. Other studies have utilized release

of suprasystolic thigh cuffs to elicit a transient hypotension.

Thigh-cuff release is likely confounded by pain and associ-

ated sympathetic activation, which has been implicated in

the cerebrovascular response to hypotension (Ogoh et al.

2008). In our experience, thigh-cuff release does not produce

a reliably consistent BP drop. The design of the present study

required that the transient hypotension be of a similar mag-

nitude, and at the same time point following exercise in each

subject; in this respect we have had previous success with the

technique (Tzeng et al. 2010a).

We chose an exercise paradigm sufficient to induce

post-exercise hypotension, which is consistent with

numerous studies assessing BRS during the post-exercise

hypotensive phase, and also with current recommendations

for physical activity (Warburton et al. 2010). While these

data are consequently difficult to compare with the two

studies assessing post-exercise CA, they are perhaps more

germane to post-exercise cerebrovascular function in the

normal population. Indeed, we cannot extend these findings

to aging subjects or those with cardiovascular disease, as

stiffer arteries and reduced cardiac function could yield a

different CBF response to transient hypotension.

Finally, this study did not actually test CA during post-

exercise syncope. MAP was reduced *15 mmHg and no

subject lost consciousness during any of the SNP injec-

tions. Thus, while these data elucidate CBF regulation

during hypotension following exercise, it is possible that

CBF control is differentially altered during syncope per se.

Future study of the BP–CBF relationship during actual

syncope would address this question.

Conclusion/perspectives

Given its high metabolic demand, reliance on aerobic

metabolism and inability to store significant energy sub-

strate, efficacious mechanisms of brain perfusion regula-

tion are quite necessary. Indeed, this regulation is certainly

not isolated to mechanisms above the neck: peripheral

vascular control serves to maintain blood pressure, cardiac

filling and output, each necessary for maintained perfusion

pressure to the head. And, while these peripheral regulatory

mechanisms have received ample attention during and after

exercise, few studies have focused on cerebrovascular

regulation post-exercise. The present data indicate that

unlike the peripheral vasculature, cerebrovascular function

is maintained following exercise.
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