
THE ROLE OF THE BAROREFLEX IN 


DIVING BRADYCARDIA 




THE ROLE OF THE BAROREFLEX. IN 

DIVING BRADYCARDIA 

By 

GINA KAREN LAFRENIERE 

A Thesis 
Submitted to the School of Graduate Studies 
in Partial Fulfilment of the Requirements 

for the Degree 
Master of Science 

McMaster University 

Septe.11 ber 1984 

http:Septe.11


MASTER OF SCIENCE (1984) McMASTER UNIVERSITY 
(Adapted Hunan Biodyn~ics) Hamilton, Ontario 

TITLE: The Role of the Baroreflex in 
Diving Bradycardia 

AUTHOR: Gina Karen Lafreniere, B. Sc. (University of Waterloo) 

SUPERVISOR: Dr. J. D. MacDougall 

NUMBER OF PAGES: xii, 155 

-ii­



ABSTRACT 

Large inter-individual differences exist in the degree of 

bradycardia induced by breath-hold facial immersion. The purpose 

of this study was to examine baroreceptor sensitivity in subjects 

who exhibit a strong response and in those who exhibit a minimal 

response. Thirty-nine healthy volunteers. were screened with 

three trials of breath-hold facial immersion during mild 

steady-state cycling. The six subjects displaying the greatest 

bradycardia were selected as responders and the six showing the 

least as non-responders. Baroreceptor sensitivity was estimated 

in each subject by examination of the heart rate and blood 

pressure responses to a controlled Valsalva manoeuvre and to 

isometric handgrip exercise. Regression lines for changes in 

systolic blood pressure over time showed a flatter response in 

the responders both during iso~etric handgrip exercise (p(.05) 

and over the 25 s L~mediately following release (p(.Ol). One 

interpretation of these findings is that the non-responders are 

less able to maintain a resting level of arterial blood 

pressure. As well, regression lines for the change in diastolic 

blood pressure over the period 25 to 55 s post-release of 

isometric handgrip exercise had different slopes in the two 

groups (p(.OS). A positive mean slope calculated for the 

responders and a negative mean slope calculated for the 



non-responders, when plotted with the average intercepts, 

suggested an undershoot in diastolic blood pressure upon release 

in the responders. This may represent an atteupt to regain 

resting levels of arterial blood pressure through peripheral 

vasodilitation. Direct measures by arterial catheter~ in a 

sub-sample of four subjects, suggested that the blood pressure 

overshoot during the recovery phase of the Valsalva manoeuvre may 

not have been large enough to demonstrate group differences in 

baroreceptor sensitivity. 
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CHAPTER 1 

INTRODUCTION 

Submersion in water results in an ~ediate slowing of 

heart rate and constriction of peripheral blood vessels in most 

mammals (Andersen, 1966) (Figure 1a p. 2). Attempts to under­

stand the physiol·ogical mechanisms which ca':lse these responses in 

man have focused on the role of temperature receptors in the face 

and of arterial chemoreceptors (Figure 1b p. 4). Brick (1966) 

demonstrated the i~portance of facial immersion to the quick 

initiation of diving bradycardia. Moreover, the magnitude of the 

heart rate response to facial immersion has been found to 

increase with colder water temperatures (Paulev, 1968; Whayne and 

Killip, 1967). Blood gas changes reach levels capable of 

intensifying the heart rate response between 28 s (Kawakami et 

al, 1967) and 95 s (Moore et al, 1973; Hong et al, 1971) after 

the initiation of breath-hold facial immersion. 

The heart rate response to breath-hold facial immersion 

may also be directly related to the baroreceptor reflexes 

(Figure 1b p. 4). Breath-hold after a maximal inspiration 

results in an increase in intrathoracic pressure which is 

transmitted to the arterial system (Paulev, 1968). Kawakami et 

~ (1967) reported an initial transient decrease in blood 

pressure both with simple breath-hold and with breath-hold facial 

1 
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Figure la. The efferent sympathetic and parasympathetic pathways 
involved in the diving response. 
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It is not known whether sympathetic control of heart rate 
plays a role in the diving response in man (Finley et al, 
1979; Heistad et al, 1968). 
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Figure lb. 	The afferent pathways for the three mecbanis~s 

involved in the discussion of diving bradycardia; 
arterial chemoreceptors, arterial and cardiopulmonary 
baroreceptors and facial temperature receptors. 
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i~mersion. Whether this reflects a decrease in cardiac output as 

a result of the increased pressure within the chest is unknown. 

Alternatively, these changes may be a baroreceptor-mediated 

response to increases in arterial blood pressure. Following any 

initial decrease in blood pressure during breath-hold manoeuvres, 

circulatory adjustments result in a gradual increase in mean 

arterial pressure (Heistad et al, 1968; Kawak~i et al, 1967). 

Heistad et al (1968) recorded a continuous trace showing 

increases in both systolic and diastolic blood pressure during 

facial i~mersion and simple breath-hold in man. The magnitude of 

the mean arterial pressure response was greater with facial 

~~ersion than with breath-hold alone. Since the decreases in 

heart rate during breath-hold facial immersion did not coincide 

with the increase in ~ean arterial pressure in each subject, the 

authors concluded that bradycardia is probably not entirely 

dependent upon the baroreceptor response. 

Finley and associates (1979) reported a reduction in the 

bradycardia response to cold water facial immersion when subjects 

were administered atropine, a vagal blocker. Neither beta 

adrenergic blockers, which reduce increases in heart rate and 

contractility, nor alpha blockers, which weaken the peripheral 

vasoconstrictor response, had an effect on diving bradycardia. 

Cuff measures of systolic blood pressure taken in three subjects 

supported a decrease in, or elimination of, these sympathetic 

baroreceptor stimuli during facial immersion. The researchers 
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concluded that hypertension due to sympathetic stimulation is not 

essential to the decrease in heart rate seen with facial 

immersion. 

The interpretation of the data collected by Finley and 

associates is complicated. For example, circulatory adjustments 

may have occurred in response to the autonomic blockade. Without 

measures of diastolic blood pressure during the breath~hold 

facial immersions, it is not known whether increases in mean or 

pulse pressure were providing a stL~ulus for the baroreflex. In 

addition, interactions between the sympathetic and 

parasympathetic control of the heart have been reported (Levy !£ 

al, 1971). Finley and associates did not discuss the possible 

effects of interference with the sympathetic changes within the 

heart on the parasympathetic control of heart rate and, 

therefore, on the diving response. 

1.1 	 Statement of the Problem 

Baroreflex-mediated responses to increases in 

arterial blood pressure represent a possible 

mechanism for diving bradycardia. 

Reference is made in the literature to subjects who show 

strong and weak responses to breath-hold facial tnmersion 

(Gooden et al, 1970; Asmussen and Kristiansen, 1968; Irving, 

1963). In addition, pilot data showed a wide range in the 
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magnitude of the bradycardia response to facial i~mersion 

(Appendix A). It is thereJore possible to identify a population 

who show exaggerated responses and a population who show weak 

responses to facial i~ersion. Si:nilarly, differences in 

baroreceptor sensitivity have been found within a group of young 

healthy subjects (Bevegard et al, 1966). Baroreceptor sensi­

tivity was measured as the absolute levels of decrease in heart 

rate and blood pressure in response to the application of 

negative pressures to the neck (ie. stret-ch of the carotid baro­

receptors). A demonstration of a higher level of baroreceptor 

sensitivity in responders than in non-responders to breath-hold 

facial i~mersion would provide support for a role of the 

baroreceptor in diving bradycardia. 

1.2 	 Purpose of the Study 

The purpose of this study was to co~pare measures of 

baroreceptor sensitivity in subjects who have 

demonstrated a marked slowing of heart rate upon 

facial immersion in cold water with those who have 

demonstrated little or no change in heart rate. 

1.3 Definition of Terminology 

Diving bradycardia- Decreases in heart rate during 
breath-hold facial immersion. 

Baroreceptor 	 sensitivity- The ability of the arterial 
baroreceptors to detect 
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Valsalva manoeuvre-


Isometric exercise-


RR interval-

fluctuations in arterial blood 
pressure and to initiate 
cardiovascular changes aimed at 
restoring no~al pressure 
levels. 

Forced expiration against a 
closed glottis. 

Sustained muscle contraction in 
which there is no change in 
muscle length. 

The length of ti:ne between· two 
consecutive QRS complexes 
(ventricular depolarization) 
recorded on an electrocardia­
graph. 



CHAPTER II 

REVIEW OF THE LITERATURE 

This chapter will provide the reader with an urtder­

standing of circulatory control mechanisms as they relate to the 

purpose of the study. Measures of baroreceptor sensitivity were 

compared between subjects who demonstrate a strong and subjects 

who denonstrate little or no heart rate response to breath-hold 

facial im:nersion. Important to this chapter, the.refore, is a 

review of the role of the baroreceptor in cardiovascular control 

and a discussion of the concept of barosensitivity. The heart 

rate and blood pressure responses to the Valsalva ~anoeuvre and 

to isometric exercise, the measures of barosensitivity used in 

this study, will also be reviewed. As well, subjects were 

classified as responders and non-responders according to their 

heart rate responses to breath-hold facial immersion performed 

during dynamic exercise. The final sections discuss the effect 

of dynanic exercise on barosensitivity and review previous 

literature examining the role of the baroreceptor in diving 

bradycardia. 

10 
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2.1 Cardiovascular Control 

An interaction of the two branches of the autonomic 

nervous system provides efferent cardiovascular control (Levy, 

1971; Copen et al, 1968; Kabat, 1939). The parasympathetic 

branch of the nervous system plays a dominant role in the 

regulation of heart rate (Levy and Zieske, 1969). StimulatiOn of 

the parasympathetic nerves results in a decrease in heart rate, 

while the withdrawal of vagal (parasympathetic) tone results in 

an increase in heart rate (Levy and Martin, 1979). The primary 

effects of stL~ulation of the sympathetic branch of the nervous 
0 

system are peripheral vasoconstriction (Astrand and Rodahl, 

1977), an increase in heart rate and improved cardiac 

contractility (Levy et al, 1979). Sympathetic stimulation also 

activates the release of hormonal transmitters from the adrenal 

medulla. These act to reinforce the changes mediated through the 

nervous system (Smith and Kampine, 1980). In addition, the 

vascular beds vary in the density of sympathetic efferent nerve 

fibers and in the types of specialized receptors present 

0 

(Astrand et al, 1977). This permits a finer control of blood 

flow distribution. The total anount of blood flow, or cardiac 

output, is determined by four factors; heart rate, cardiac 

contractility, the anount of blood returning to the heart and the 

pressure against which the left ventricle must work (Parmley and 

Talbot, 1979). 
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The success of these various control mechanisms is 

monitored through chemosensitive and pressure sensitive 

receptors. 

A. Chemosensitive receptors 

Chemoreceptors in the aortic and carotid bodies " are 

stimulated through decreases in the arterial pH, decreases in the 

arterial pressure of oxygen and increases in the arterial 

pressure of carbon dioxide. StL~ulation of the carotid 

chemoreceptors results in peripheral vasoconstriction, 

bradycardia and a decrease in cardiac contractility (Coleridge 

and Coleridge, 1979). Although the aortic chemoreceptors are 

equally effective in mediating vascular changes (Daly and Ungar, 

1966), they play little (Angell-James and Daly, 1969) or no 

(Katzin and Rubenstein, 1974) role in the control of heart rate. 

B. Pressure sensitive receptors (baroreceptors) 

Baroreceptors, the mechanisms for and consequences of 

their stLmulation are discussed in the following sections. Most 

important to the present study are the types of pressure stimuli 

capable of stL~ulating baroreflex mediated changes in heart rate 

and blood pressure. 
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2 .1.2 Baroreceptors 

The cardiovascular system is equipped with a series of 

stretch or mechanoreceptors that regulate heart rate and 

vasomotor tone in the maintenance of mean arterial pressure. The 

arterial receptors are located in the vessel walls of the carotid 

sinus and the aortic arch. Cardiopulmonary receptors may be 

found in the atria, the venae cavae, the ventricles and" the 

lungs (Smith et al, 1980). 

Receptor deformation is the result of pressure changes at 

these sites. More-common names for these structures~ therefore, 

are pressoreceptors or baroreceptors. With the exception of 

those located in the ventricular walls, cardiopuL~onary receptors 

respond to low pressure stimuli and systemic arterial receptors 

respond to high pressure stitluli (S:nith et a~ 1980). 

StL~ulation of these stretch receptors produces a 

receptor current which, after travelling over a spike initiating 

zone, results in baroreceptor discharge (Eyzaguirre and Kuffler, 

1955). Both increases in impulse frequency in individual nerve 

fibers and the recruitment of new receptors accompany increases 

in blood pressure (Bronk and Stella, 1932; Landgren, 1952). As 

well, the amplitude of the electrical potentials becomes larger 

with this greater total afferent activity (Pelletier et 

al, 1972). 

Baroreceptors have been classified according to the size 

of the discharge spike recorded in their afferent fibers (Bronk 
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and Stella, 1935; Bronk et al, 1932). The larger amplitude of the 

electrical potentials with increased baroreceptor activity may be 

the result of selective recruitnent of baroreceptors with the 

larger amplitude spike (Pelletier et al, 1972). Alternatively, 

these larger amplitude spikes may represent the sunmation of two 

or more impulses that were fired simultaneously (Spickler and 

Kezdi, 1969). 

2.1.2.1 Arterial baroreceptors 

In man, increases in mean arterial pressure within the 

range of 62 to 215 mmHg are accompanied by increases in mean 

i~pulse frequency of the carotid sinus afferent nerves. At these 

pressure levels, the aortic baroreceptors are substantially less 

sensitive to a given pressure stimulus (Pelletier et al, 1972). 

Bevegard and Shepherd (1966) reported decreases in 

cardiac output and vasodilatation in the resistance vessels of 

the forearm with increased carotid sinus baroreceptor activity. 

The changes in cardiac output were the result of a decrease in 

heart rate. That stroke volume did not increase in order to 

maintain cardiac output (Ross et al, 1965) suggested a negative 

inotropic (cardiac contractility) effect of the baroreceptor 

stimulation. Venodilatation did not play a role in the 

baroreceptor response. In contrast, increases in arterial 

pressure mediated through the baroreceptors are thought to be the 

result of an increase in cardiac output, with little or no change 
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in peripheral resistance (Mancia et al, 1979). 

The heart rate response to a decrease in arterial blood 

pressure is an initial decrease in cholinergic activity. This 

signal is then reinforced through an increase in beta adrenergic 

activity (Eckberg, 1980). The beta adrenergic system, however, 

is not involved in the decrease in heart rate which follows an 

increase in carotid sinus discharge (Robinson et al, !966; 

Glick and Braunwald, 1965). 

The cardiovascular syst~~ is thought to provide a better 

antihypotensive -than antihypertensive defense ( Snith et 

al, 1980). This is attributed to the response characteristics of 

the carotid baroreceptors (Mancia et al, 1979). The aortic 

baroreceptors are primarily antihypertensive and ineffective in 

buffering decreases in pressure to below normal levels (Pelletier 

and Shepherd, 1973). 

The carotid sinus has been shown to be sensitive to the 

rate of change of pressure (Schmidt et al, 1972; S:t.egenan and 

Tibes, 1969; Ead et al, 1952). Pulse pressure is a major 

component of this stimulus (Schmidt~~ 1972) and has been 

found to be most effective in stimulating the carotid 

baroreceptors at ~ean pressures of less than 150 mmHg 

(Koushanpour and McGee, 1969; Schmidt et al, 1972). Schmidt and 

associates (1972) reported that the relative contribution of 

changes in cardiac output and total peripheral resistance to the 

response to increases in pulse pressure was dependent on the 
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level of intrasinus pressure and varied between subjects at each 

intrasinus pressure level. The rate of change of pressure 

(Pelletier et al, 1972) and the magnitude of the pulse pressure 

(Angell-James and Daly, 1970), however, have comparatively little 

effect on the aortic baroreceptors. 

Both myelinated and unmyelinated afferent baroreceptor 

fibers have been identified (Krauhs, 1979). Brown and co-workers 

(1978) found changes in the amplitude of the nervous discharge in 

myelinated afferents and slight changes in the discharge 

frequency of unmyelinated afferents in rats with changes in heart 

rate. These changes appeared over the physiological range of rat 

heart rate. Other researchers have found the effects of pulse 

frequency on systemic arterial pressures of the dog to be 

restricted to frequency ranges of 0 to 1.6 cycles per s 

(Stegeman et al, 1969) or 28 to 72 cycles per 

(Angell-Janes et al, 1970). 

The change from steady to pulsatile arterial blood flow 

is not always associated with an increase in the average 

frequency of nerve impulses in baroreceptor afferent fibers 

(Ead et al, 1952). However impulse grouping, without changes in 

the total nunber of impulses per unit time, results in decreases 

in arterial blood pressure (Koepchen and Sellers in Stegeman et 

al, 1969; Ead et al, 1952). 

In addition, three sizes of baroreceptor afferent fibers 

have been identified. Large fibers, which produce large 
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a11plitude spikes on an electroneurogram, are recruited in 

response to increases in the pulsatility of flow through the 

carotid sinus (Ead et al, 1952). This may provide a means 

through which the central nervous system detects these changes in 

arterial blood pressure. 

2.1.2.2 Cardiopulmonary baroreceptors 

The location of cardiopulmonary b.aroreceptors has left 

then· technically difficult to study (Brown, 1979). Distension of 

small balloons at the points of venous entry in the atria is 

thought to imitate changes in venous return. A reflex 

steady-state tachycardia is achieved in one to two min.. Mean 

arterial pressure, however, is left unchanged (Linden, 1973). 

Bradycardia and hypotension follow stimulation of the ventricular 

mechanoreceptors (Brown, 1979). 

2 .1. 2. 3 Sunmary 

The baroreceptors are located in the aortic arch, the 

carotid sinus, the great veins, the heart and the lungs. 

Pressure changes in these areas result in receptor deformation 

and changes in the afferent nervous activity. Increases in the 

arterial pressure are counteracted through decreases in heart 

rate and vasodilatation in peripheral resistance vessels. On the 

other hand, increases in heart rate provide the major portion of 

the system's response to hypotension. Carotid baroreceptors are 



18 

more sensitive to fluctuations in mean arterial pressure than 

those in the aorta. As well, carotid receptors ~ay be stL~ulated 

through alterations in the rate of change of pressure or in the 

pulse pressure. Changes in heart rate, over certain ranges, also 

result in changes in afferent arterial baroreceptor discharge. 

2.2 Baroreceptor Sensitivity 

Baroreceptor sensitivity may be defined as the ability of 

the baroreceptor to detect fluctuations in arterial blood 

pressure and to- initiate cardiovascular changes aimed at 

restoring normal pressure levels. Both the levels of arterial 

pressure which trigger the reflex (set point) and the degree of 

response to a set pressure change (gain) ~ust be considered 

(Pelletier et al, 1972). 

2.2.1 Measures of baroreceptor sensitivity 

The latency of the baroreflex in animals is one to two 

heart beats, ~.;ith the shortest sti.~ulus response interval being 

approxi.~ately 80 msec (Jewett, 1964). &nyth et al (1969) 

examined the heart rate and blood pressure responses to 

angiotension-induced hypertension in humans. The changes in 

systolic blood pressure were best correlated with the changes in 

those RR intervals beginning with the next heart beat. The slope 

of the regression of these two ~easures was chosen to represent 

baroreceptor sensitivity. 
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The influence of a high level of sensitivity of the 

cardiodepressor component of the baroreflex, as ~easured by Smyth 

et al (1969), on the ability of subjects to maintain resting 

levels of arterial blood pressures has been exa:nined. 

Normotensive subjects with the most sensitive baroreflex 

demonstrated the smallest increases in systolic blood pressure 

and the flattest dose response curves to three doses of each of 

two hypertensive agents (Conway et al, 1981). As well. large 

daily fluctuations in heart rate in co:nbination with a fairly 

constant blood pressure was found to be an indication of a high 

level of baroreceptor sensitivity in 'llild to moderate 

hypertension (Ogawa ~~ 1981). 

2.2.2 Baroreceptor resetting 

Rapid resetting of the threshold pressure for increases 

in the baroreceptor afferent activity has been demonstrated in 

rabbits (Dorward et al, 1982). This occurred with changes in ~ean 

arterial pressure which were sustained for a 'llinimum of 15 min •• 

The effect was reversible and is thought to be the result of 

viscoelastic relaxation within the arterial wall (Dorward et 

al, 1982; Coleridge et al, 1981). 

The baroreceptors of hypertensive individuals operate 

around a higher set point. As well, the sensitivity to changes 

from this baseline may be reduced (Ogawa et al, 1981; Brown, 

1980; Downing, 1979). Increases in arterial wall stiffness, 
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which act to limit baroreceptor deformation, (Kezdi, 1967) and 

receptor destruction (Brown, 1980) have been demonstrated in 

established hypertension. Receptor modification or dissociation 

of the receptor from the vessel wall may also be involved (Brown, 

1980). The major cause of early hypertension is thought to be 

changes within the receptor (Brown et al, 1976). 

Finally, a sympathetic efferent pathway has ·been 

ident-ified which· is able to regulate the ·distensibility of the 

carotid sinus wall (Kezdi, 1954). St-imulation of these fibers 

results in an increase in baroreceptor afferent discharge 

(Koizuni and Sato, 1969). Although there is little known about 

the physiological role of this mechanis~ (Kircheim, 1976), it may 

provide a ~eans for direct control of barosensitivity. 

2.2.3 The central nervous system -- control of the baroreflex 

Changes within the cardiovascular system are the net 

result of the interaction of central nervous system command 

mechanisms (voluntary activity and enotional responses) and 

afferent nerve signals (Hilton and Spyer, 1980). Integration of 

autonomic activity takes place in the spinal, bulbar, cerebellar 

and suprapontine areas (Korner, 1979). 

Barosensitivity has been found to be influenced by the 

respiratory cycle (Eckberg and Orshan, 1977), is thought to 

increase with sleep (Smyth et al, 1969) and has demonstrated a 

daily rhythm of.increases and decreases (Rossman et al, 1980). 



2.3 

21 

Sustained increases in the level of discharge of the 

cardiopuL~onary stretch receptors (increases in the positive 

end-expiratory pressure Sepe et al, 1982 and increase in 

central blood volume Billman et al,_ 1981; Ludbrook et al, 

1981) have also modified the cardiovascular response to 

baroreceptor stimulation. In contrast, the atrial baroreflex 

appears to be independent of the level of afferent activity·from 

the carotid sinus baroreceptors (Carswell et al, 1970). 

Isometric-Exercise and Baroreceptor Sensitivity 

2.3.1 The cardiovascular responses to isometric exercise 

Increases in blood pressure with isometric exercise have 

been attributed to the effects of exercise tachycardia on cardiac 

output (Bezucha et al, 1982; Lind et al, 1964). Decreases in 

blood flow as a result of mechanical occlusion (increased 

intramuscular pressure) are not counteracted by increased levels 

of vasodilatation within the contracting muscle 

(Perez-Gonzalez Unpublished in Perez-Gonzalez, 1981). However, 

evidence suggests that ischemic conditions within exercising 

muscle are capable of s ti._rn ula ting increased levels of 

vasoconstriction in non-active areas (Perez-Gonzalez, 1981; 

Higgins et al,_ 1972; Vatner et al, 1972; Vatner et al, 1971). 

This works to increase perfusion pressure, thereby assisting with 

the supply of adequate blood flow to the exercising muscle. 

Total peripheral resistance re:nains at pre-exercise levels both 
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when small (Lind et al, 1964) and when large (Bezucha et al, 

1982) muscle groups are used. 

Proposed mechanisns for the exercise tachycardia include 

increases in central c~~and, chemoreceptor sti~ulation of s~all 

sensory afferent fibers and mechanoreceptor stimulation 

(Asmussen, 1981). The role of central mechanisms in the pressor 

response ~has been demonstrated through changes in the amount of 

effort .required for _a given task (Goodwin et al ~ 1972; 
----~ 

Freychuss et al, 1970). Increases in blood pressure were found 

to be minimal with levels of isometric exercise that do not 

effect blood flow (Perez-Gonzalez, 1981). This has led to the 

investigation of pressor responses to blood flow occlusion. When 

initiated during dynamic exercise (Ro~..rell et al, 1981), blood 

pressure increased. The level of increase was related to the 

duration of muscle ischemia. When maintained throughout an 

immediate post exercise (isometric [Mitchell et al, 1980) or 

dynamic [Rowell~~ 1981] ) period, blood pressure was 

prevented from returning to resting levels. These results have 

presented a strong case for the role of ischemic changes within 

the contracting muscle in the pressor response to isometric 

exercise. 

Occlusion studies using dynamic (Freund et al, 1978) 

and iso~etric (Mitchell et al, 1980) exercise have found that the 

strength of the pressor response is increased when a larger 

muscle . mass is involved. It has been suggested that the number 
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of sensory afferent fibers is not related to muscle size 

(Asmussen, 1981). If this were the case, factors other than 

muscle ischemia must have played a role in the increases in blood 

pressure found with increases in muscle mass. In agreement, 

eli~ination of sensory afferent nervous signals and the blood 

pressure response to muscle ischemia did not eliminate the 

,pressor response to maximal isometric contractions performed by 

the legs (Freund"et al, 1979) • 

.The role ·of the muscle :nass in determining the pressor 

response has been-demonstrated through comparisons using muscle 

groups of different sizes (Mitchell~~ 1980). Studies using 

strong and atrophied limbs (Mitchell et al in Mitchell et al, 

1981) have found that it is, more specifically, the absolute 

level of force produced that is important. Smoothed rectified 

electromyography suggested that the sa~e number of motor units 

were firing during conditions of the sa:ne absolute force. The 

increase in blood pressure with increased duration of exercise 

(Perez-Gonzalez, 1981; Sharratt and Bruce, 1979) may be the 

result of increases in voluntary effort with fatigue or may 

reflect the chemical changes within the muscle. 

2.3.2 	 Baroreceptor sensitivity during isometric exercise 

Cunningh~ and associates (1972) examined the effects of 

dynamic exercise (cycling - 30 to 85 watts), sustained handgrip 

·· (30% of maximal voluntary contraction) and rhyth:nic handgrip (30, 
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45 and 60% of maxi:nal voluntary contraction) on baroreceptor 

sensitivity. Baroreceptor sensitivity was ~easured according to 

the method described by s~yth ~~ (1969) which stimulates the 

baroreceptor through drug-induced peripheral vasoconstriction. 

The decrease in the cardiodepressor effect of baroreceptor sti:nu­

lation with exercise was found to be unrelated to the degree of 

increase in oxygen uptake .. However, correlations in order of 

increasing strength were found with the existing values of 

·arterial pressure; RR interval and an index made up of the two 

measures. Although cycling produced the greatest increase in 

heart rate, sensitivity was significantly lower during sustained 

handgrip when the exercise conditions were compared at the sa~e 

heart rate. Separation of the data from the dynamic and 

isometric exercise trials also improved the prediction of reflex 

sensitivity from the heart rate - systolic blood pressure index. 

As well, conditions of hypocapnic hypoxia changed the response of 

heart rate but not that of barosensitivity to exercise. 

A similar study (Ludbrook _e_t___a_l~, 1978) produced 

increases and decreases in carotid sinus trans~ural pressure with 

a variable pressure neck chamber. Unlike the pharmacological 

st~nulus used by Cunningham and associates, this technique 

produced sustained levels of baroreceptor stimulation. Subjects 

performed isometric handgrip at intensities of 35, 45, and 65% of 

maxi:nal contraction. The response of mean pressure to increases 

'. or decreases in carotid .sinus transmural pressure was generally 
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not affected by isometric exercise. The only consistent 

difference in the baroreflex mediated change in heart rate with 

isometric exercise was noted in the first 10 s of neck suction. 

Here, the absolute level of decrease in heart rate with carotid 

sinus stimulation was lower in the two highest work levels than 

at rest and also lower during 65% than during 35% of maxi:nal 

effort. In contrast, the more gradual tachycardia caused by 

__ application of positive .pressure to the ne.ck was similar during 

rest and during the three intensities of isometric exercise. 

Nutter and Wickliffe (1981) used direct sti:nulation of 

somatic afferent fibers in anesthetised dogs to study the cardio­

vascular response to isometric exercise. Afferent input from 

cardiopulmonary and aortic baroreceptors was eliminated through 

bilateral vagotomy and muscle contraction was prevented with 

neuromuscular blockade. The somatopressor reflex involved 

significant average increases in both heart rate (30%) and blood 

pressure (40%). The initial response included peripheral vaso­

constriction, with the greatest increase in vasomotor tone in the 

"inactive" muscle and a delayed vasodilatation in the arterial 

circulation of the hind pa1¥. When the pressure in the carotid 

sinus was held constant throughout the trial, the level of con­

striction in the muscle was increased and the secondary vasodila­

tation seen in the skin was replaced by a larger overall 

constriction which was maintained throughout nerve stimulation. 

These findings were substantiated in the same animal 
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model by Abboud ~~ (1981). This group also reported that 

increased levels of cardiopulmonary baroreceptor stimulation 

weaken the vasoconstrictor response found in the kidney during 

isometric exercise. The strongest inhibitory effects of the 

cardiopulmonary afferents were found while the carotid sinus 

pressure was maintained at low levels. 

The same authors investigated hunans performing 

isometric handgrip exercise at 10 and 20% of maximal voluntary 

contraction. The combination of lower body negative pressure 

(decreased central _blood volune) and isometric exercise resulted 

in significant increases in forearm vascular resistance that were 

greater than the sunmation of the effect of each treatment 

administered separately. In addition, the arterial blood 

pressure response was increased when the high intensity exercise 

was performed during lower body negative pressure. The heart 

rate response, however, was not affected. 

2.3.2.1 Summary 

In hunan subjects, isometric exercise has been 

associated with decreases in the degree of change in RR interval 

in response to drug-induced changes in systolic blood pressure. 

Prevailing RR interval was found to be a better indicator of the 

degree of change in this measure of barosenstivity than was 

systolic blood pressure. The best correlation, however, was 

given by an index incorporating both measures. 
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A second study also demonstrated a decrease in the 

cardiodepressor effect of baroreceptor stL~ulation (ie. the 

change in RR interval per unit change in systolic blood pressure) 

with isometric exercise in humans . However, with sustained 

.increases in carotid sinus transmural pressure it was found that 

this effect is transitory lasting for only the initial 10 s of 

baroreceptor stimulation. Neither the sensitivity of the heart 

rate response to· arterial hypotension, nor .the absolute level of 

the mean arterial pressure response to increases or decreases in 

carotid sinus transmural pressure •.vas affected by isometric 

exercise. 

The carotid sinus baroreceptors have been found to 

d~pen the peripheral vasoconstrictor response to isanetric exer­

cise in anesthetized dogs. In addition, studies using both 

anesthetized dogs and conscious humans have shown an inhibitory 

effect of cardiopulmonary afferent activity on the increases in 

vasomotor tone found during isometric exercise. 

2.4 The Cardiovascular Responses to the Valsalva Manoeuvre 

Performance of the Valsalva manoeuvre involves forced 

expiration against a closed glottis. The cardiovascular 

responses to this respiratory act have been well documented. 

They form a consistent pattern that has been divided into four 

phases (see Figure 2 p. 28). 
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Circulatory Response to Non-Exercise Stress 
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Figure 2 . 	 Change in heart rate and blood pressure in response to 
forced expiration. Subjects maintained an expiratory 
pressure of 40 mmRg for 15 s. (From J. J. Smith and 
J.P. Kampine, 1980.) 
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2.4.1 Phase one 

The onset of expiratory strain results in increases in 

both systolic and diastolic pressure, with pulse pressure left 

unaffected (Stone et al, 1965; Goldberg et al, 1952). Simul­

taneous increases in venous pressure (Price and Connor, 1953) and 

in pulmonary arterial pressure (Stone et al, 1965) have also been 

reported. Heart rate has either shown no change (Goldberg ~ 

al, 1952) or has decreased (Korner et al, 1976). This first 

phase lasted only 1 to 2 s when the expiratory pressure exerted 

was bet"w-een 20 and-45 mmHg (Price et al, 1953). 

Sarnoff and colleagues (1948) proposed that the 

increase in intrathoracic pressure with the Valsalva manoeuvre 

squeezes the blood out of the pulmonary vascular tree. This 

would result in elevated levels of cardiac output and be able to 

account for a pressor response. 

It has been argued, however, that increases in cardiac 

output would cause increases in pulse pressure (Sharpey-Schaefer, 

1965). As well, the level of increase in systolic and diastolic 

blood pressure was found to be comparable to that of 

intrathoracic pressure (Stone et al, 1965). The pressor response 

is best explained, therefore, by a direct transmission of the 

increased pressure within the thorax from the left heart and the 

aorta to the peripheral arteries (Sharpey-Schaefer, 1965). 

Korner et al (1976) had subjects perform the Valsalva 

manoeuvre (expiratory pressure of 20 mmHg for 30 s) both before 
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and after total autonomic blockade. The initial increase in mean 

arterial pressure was not different in the two experimental 

conditions. It was concluded, therefore, that neural mechanisms 

are not involved. 

Any decrease in heart rate during this part of the 

Valsalva !llanoeuvre has been attributed to carotid sinus 

baroreceptor stimulation. Increases in intrathoracic pressure 

have an equal e·ffect .. on the intravascular and extravascular 

pressures .within ·· the thorax. IH th no change in tr ansm ural 

pressure, the aortic baroreceptors are left unaffected 

(Sharpey-Schaefer, 1965). 

2.4.2 Phase two 

The initial pressor response is followed by decreases in 

systolic, diastolic and pulse pressures (Korner et al, 1976; 

Stone et al, 1965; Goldberg et al, 1952). Both ~ean and pulse 

pressures drop significantly below resting levels when subjects 

maintain an expiratory pressure of 20 mmHg (Korner et al, 1976). 

Decreases in mean and pulse pressures have also been found in the 

puL~onary arterial circulation (Stone et al, 1965; Gorlin et al, 

1957; Lee et al, 1954). 

Researchers have agreed that these changes in pressure 

reflect a diminishing cardiac output (Korner et al, 1976; 

Sharpey-Schaefer, 1965; Stone et al, 1965; Sarnoff et al, 1948). 

It has been proposed that during the Valsalva manoeuvre, 
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pressures within the abdomen and the thorax exceed those in the 

great veins thereby shutting down blood flow (Sharpey-Schaefer, 

1965; Sarnoff et al, 1948). In support of this, venous pressures 

demonstrated a gradual increase despite a loss of pressure in the 

arterial circulation (Gorlin ~alL 1957; Price et al, 1953). 

Radiographic studies showed that at least part of this increase 

in pressure is the result of a collection of blood in the veins 

below the diaphr.agm (Judson et al, 1955) • · 

Zema _et· al (1980) pointed out that the narrowing of pulse 

pressure is consistent with a decrease in stroke volume. 

Opposing this is a gradual increase in heart rate which has been 

attributed to stimulation of the aortic (a decrease in both pulse 

and transmural pressures) and carotid (a decrease in pulse 

pressure) baroreceptors (Sharpey-Schaefer, 1965). This proposed 

activation of the baroreflex was used to suggest that increases 

in vasomotor tone are also involved at this point in the 

manoeuvre (Stone et al, 1965). 

In addition, a secondary increase in mean arterial 

pressure (Korner et al, 1976; Stone et al, 1965; Gorlin et al, 

1957; Price ~al, 1953) has been reported. This was accom­

panied by either an increase (Korner et al, 1976) or no change 

(Stone et al, 1965; Gorlin et al, 1957) in pulse pressure. The 

minic-nun levels of blood pressure are reached 7 to 8 s (Price !:!_ 

al, 1953 expiratory pressures of 20 to 45 mmHg) or 15 to 20 s 

- (Korner et al; 1976 - expiratory pressure of 20 mmHg) after onset 
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of the manoeuvre. Other investigators (Goldberg ~ al, 1952; 

Sarnoff et al, 1948 -dogs) did not observe this reversal of the 

blood pressure response. 

The secondary pressure increases reported by Korner ~ 

al (1976) were associated with a levelling off of heart rate. 

Venous pressure also reaches a plateau during this portion of the 

Valsalva manoeuvre, with the final level equal to intrathoracic 

~pressure (Gorlin· et.al, 1957; Price et al, .1953). 

Korner et al (1976) exa:nined the importance of increases 

in heart rate and systemic vascular resistance to this delayed 

pressor response. Cardiac output was measured in the last 10 s 

of each 30 s forced expiration by the thermodilution technique. 

Total peripheral resistance was calculated as the difference 

between mean arterial and right atrial pressures divided by 

cardiac output. 

Expiratory pressures of 2.5 to 30 mmHg produced a 

decrease in cardiac output. These manoeuvres were then repeated 

both after cardiac effector and after total autonomic blockade. 

When the expiratory pressure held was 10 mmHg or less, 

elimination of reflex changes in heart rate and total peripheral 

resistance did not affect the degree of change in cardiac 

output. 

However, cardiac effector nerves played a significant 

role in ~aintaining cardiac output when subjects created an 

expirator_y_pressl.l.re.of 2.0.mmHg. \-lith the nervol.l.s system intact, 

http:expirator_y_pressl.l.re.of
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cardiac output demonstrated a 35% decrease during the Valsalva 

:nanoeuvre. Cardiac effector blockade magnified this response, 

leaving cardiac output at one half of the pretest level. The 

addition of sympathetic vasoconstrictor blockade did not 

significantly influence the amount of change in cardiac output. 

The role of cardiac and vasonotor reflex activity in the 

maintenance of cardiac output was evenly weighted at the highest 

expiratory pres.sure •. Forced expiration resulted in a 40% 

decrease in cardiac output. However, the total me~hanical effect 

of the increased intrathoracic· pressure was a loss of 60% of the--­

resting level. 

Corresponding measures of total peripheral resistance 

showed increases above resting values with each expiratory 

pressure. While ~anoeuvres requiring little effort (expiratory 

pressures of 2.5 and 5 mmHg) triggered only slight vasonotor 

responses, expiratory pressures of 10 to 30 mmHg resulted in 

increases in systemic resistance of 50 to 60% of resting values. 

Although Gorlin and co-workers (1957) reported a late 

increase in mean puL~onary arterial pressure in sane cases, the 

general consensus was that there is no secondary increase in this 

pressure (Stone et al, 1965; Lee et al, 1954; Price et al, 1953). 

However, the disagreement may be one of interpretation rather 

than of findings. Stone et al (1965), while reporting no 

change, discussed the difficulty in interpreting the signi­

ficance of snall changes. It has been argued that if the 
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secondary rise in arterial pressure represents an increase in 

venous return, the puL~onary arterial circulation should 

denonstrate a similar increase (Stone et al, 1965). 

2.4.3 	 Phase three 

With the release of respiratory strain, investigators 

have found __ an abrupt decrease in mean arterial blood pressure 

_.(Korner et al, 1976; Sharpey-Schaefer, 19q5; Stone et al, 1965; 

Goldberg et al, 1952; Sarnoff et al, 1948) and in pulmonary 

arterial pressure _(Stone et ai, 1965). The absolute degree of 

change in these pressures was equal to that of intrathoracic 

pressure (Sharpey-Schaefer, 1965). Korner and associates (1976) 

reported that total autonomic nervous system blockade did not 

affect the changes in mean arterial pressure during this phase. 

That the arterial pressure drops below control levels 

(Stone et al,_ 1965; Goldberg ~al, 1952) :nay be explained by a 

loss of the direct effects of increased intrathoracic pressure 

through a period where cardiac output remains low. However 

venous pressure has also demonstrated an immediate decrease at 

the end of the manoeuvre (Price et al, 1953), suggesting an 

increase in venous return. It appears, therefore, that the delay 

in the increase in cardiac output is the result of transit time 

fran the right atriun to the systemic circulation. This may be 

increased by a filling of the lungs with blood during the initial 

inspiration (Sarnoff et al, 1948). 
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The changes found in pulse pressure during this phase of 

the Valsalva manoeuvre are not consistent across experiments. 

Stone et al (1965) reported that diastolic pressure did not 

change, resulting in a further narrowing of pulse pressure. In 

contrast, an earlier study reported decreases in both systolic 

and diastolic blood pressure with pulse pressure normally not 

showing any change from the end of phase two (Goldberg et al, 

1952). 

In both studies pulse pressure was well below rest at the 

end of phase three. The group that did not find decreases in 

pulse pressure (Goldberg et al, 1952) also did not report a 

secondary parallel increase in systolic and diastolic pressure 

during strain. Differences in blood pressure levels at the end 

of phase two may account for the differences in the relative 

contribution of systolic and diastolic changes to the decrease in 

pressure during phase three. 

Phase four 

A marked overshoot in arterial pressure has been 

demonstrated during the final phase of the Valsalva manoeuvre 

(Korner et al, 1976; Stone et al, 1965; Lee et al, 1954; Price 

et al, 1953; Goldberg et al, 1952), with the highest pressures 

recorded within 7 s of release (Stone et al, 1965; Price et 

al, 1953). This was accompanied by increases in pulse pressure 

(Sharpey-Schaefer, 1965; Stone et alL 1965; Lee et al, 1954; 
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Goldberg et al, 1952) to levels significantly above those 

measured at rest (Stone et al, 1965). Additionally, one group 

reported that although systolic pressure showed the greatest 

changes, diastolic pressure also constributed to the mean 

arterial pressure response (Goldberg et al, 1952). 

In an attempt to counteract these large increases in 

arterial pressure, heart rate fell below resting levels 

(Goldberg et al, 1952). Post-release, the increase in "mean 

arterial pressure within the thorax was no longer balanced by an 

increased intrathoracic pressure. This resulted in elevated 

levels of transmural pressure and stimulation of the aortic 

baroreceptors. That this slowing of heart rate was more 

pronounced than that noted during the initial pressor response 

(phase one) has been explained by the synergistic action of the 

aortic and carotid baroreflexes (Sharpey-Schaefer, 1965). 

PuLmonary pressures demonstrate a similar pattern of 

change in the mean arterial, diastolic and systolic pressures 

(Stone et al 1965; Lee et al, 1954). These responses, however, 

were of a smaller magnitude when compared to those in the 

brachial artery (Lee et al, 1954). The highest values were 

usually recorded within 5 s of release and 1 to 4 s before the 

systemic response (Stone et al, 1965). 

Changes in pressure within the pulmonary circulation 

have been used to present a case for the role of increased venous 

return and cardiac output in the systemic pressure overshoot 
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(Stone et al, 1965; Lee et al, 1954). No increase in systemic 

arterial pressure occurred in the absence of a pressor response 

within the puL~onary capillaries. Moreover, the time period 

which separated the two pressure responses approximates transit 

tine from the right to the left ventricle (Stone et al, 1965). 

Accounts of the physiological changes with the Valsalva 

manoeuvre have all suggested that baroreceptor mediated 

vasoconstriction. is involved in the arterial pressure overshoot. 

The decrease in pulse pressure during phase two has been selected 

as the sti.-nulus for the reflex response (Korner et al, 1976; 

Sharpey-Schaefer, 1965; Stone et al, 1965; Gorlin et al, 1957; 

Judson et al, 1955; Lee et al, 1954; Price et al, 1953). 

Cardiac patients in whom systolic, diastolic and pulse 

pressure were maintained throughout respiratory strain did not 

demonstrate the overshoot in pressure post-release. Radiographic 

studies showed a continuance of blood flow from the peripheral 

veins in these subjects (Judson et al, 1955). 

However, cases have been reported with normal decreases 

in pulse pressure during the Valsalva manoeuvre in association 

with no pressure increase post-test (Stone et al, 1965; Judson et 

al, 1955). It was argued, therefore, that the vasoconstriction 

was not an important factor in the production of pressure changes 

during the fourth phase (Stone et al, 1965). 

The role of baroreceptor mediated vasoconstriction in the 

pressor response during recovery has also been investigated 
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through 	pharmacological interference with the autonomic nervous 

The overshoot was eliminated by drugs which prevented 

peripheral vasoconstriction (Korner et al, 1976; Price et al, 

1953; Sarnoff et al, 1948). However, the results of these 

studies may have been caused by blood pooling in veins with the 

loss of smooth muscle tone (Stone et al, 1965). Additionally, 

the response can be d~pened by sympathetic pre-excitation 

with circulating epinephrine (Sarnoff et al, 1948) and 
------~ 

1-norepinephrine (Price et al, 1953). 

2.4.5 	 The Valsalva manoeuvre as a test of 

baroreceptor sensitivity 

The increases in both mean and pulse pressure during the 

fourth phase of the Valsalva manoeuvre provide a strong stL~ulus 

to the aortic and carotid baroreceptors. PaL~ero and co-workers 

(1981) measured the cardiodepressor response of the baroreflex to 

this pressure overshoot. Subjects maintained an expiratory 

pressure of 40 mmHg for 20 s. According to the method of 

Smyth et al (1969), each systolic blood pressure was paired with 

the second RR interval following it. The regression coefficient 

of the line relating these two variables was used as an index of 

baroreceptor sensitivity. 

The first few beats after the pressure increase were not 

associated with a slowing of the heart rate. Calculation of 

barosensitivity, therefore, was based on the responses of blood 
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pressure and heart period during the period which started with 

the first lengthened RR interval and ended with the highest 

systolic blood pressure. 

Baroreceptor sensitivity measures obtained were highly 

correlated with those obtained in response to the injection of 

phenylephrine. One important advantage of the use of respiratory 

strain is that it does not require interference with· the 

vasomotor response. 

2.4.6 Summary 

Increases in intrathoracic pressure with forced 

expiration result in an i~~ediate parallel increase in systolic 

and diastolic pressure. After 1 to 2 s arterial pressures begin 

to gradually decline, with systolic pressure decreasing more 

rapidly than diastolic. It has been proposed that baroreceptors 

respond to the decreases in pulse pressure by increasing both 

heart rate and vasomotor tone. That these responses are involved 

in a secondary increase in blood pressure during strain with 

higher expiratory pressures, has been denonstrated. 

Upon release of the Valsalva manoeuvre, mean arterial 

pressure is decreased by the same a~ount as intrathoracic 

pressure to levels below those measured at rest. Within 7 s 

post-release, this is reversed with large increases in both mean 

and pulse pressure. The associated bradycardia has been used as 

an indication of the sensitivity of the aortic and carotid 
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baroreceptors. 

2.5 Barosensitivity During Dymanic Exercise 

Bev egard _e_t__a_l ( 1966) exa:nined the effects of 

baroreceptor stimulation during supine leg exercise. Negative 

pressures in a cuff placed around the neck were used to si~ulate 

an increase in arterial pressure through a stretch of the ca~otid 

baroreceptors. Significant and sustained decreases were found in 

heart rate and blood pressure during three levels of exercise. 

The absolute magnitude of change in heart rate and arterial 

pressure was not related to the initial levels of these 

parameters. However, only one subject reached an exercise heart 

rate of greater than 120 bpm. 

Similar results were found with increases in the carotid 

sinus pressure in dogs (Melcher and Donald, 1981). During rest> 

mild and moderately severe exercise, the stimulus response curves 

for arterial blood pressure demonstrated 1) the sane ~axL~um 

slope at the same sinus pressure and 2) an upward displacenent 

associated with increases in power output. As well, both initial 

(first 10 s) and steady-state heart rate response curves showed 

no difference with changes from rest to mild and moderately 

severe exercise except for upward shifts along the heart rate 

axis. 

Results of these studies suggest that the baroreceptor 

set point but not the sensitivity or gain of the baroreflex is 
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changed with exercise. Melcher et al concluded that the changes 

in heart rate and blood pressure in response to baroreceptor 

stLnulation are sinilar during rest and exercise. This con­

elusion was based on an argument put forth by Korner (1979). 

Changes in the slope of the response curves (gain) are thought to 

be baroreceptor dependent. Changes in the level of heart rate or 

blood pressure throughout the sti'Uulus range that do not affect 

the pattern of the response, however, have been classified as 

baroreceptor independent. 

In contrast, Bristow et al (1971) reported that the 

sensitivity or gain of the cardiodepressor c~ponent of the bare­

reflex cs~yth et al, 1969) was reduced in subjects performing 

erect bicycle exercise at heart rates comparable to those used by 

Bevegard and associates. Over a range of exercise intensities, 

the resting level of 20 to 25 msec change in RR interval per ~~Hg 

increase in systolic blood pressure approached 0 msec per mmHg 

when the preinjection RR interval decreased below 40 msec (150 

bpm). The loss of reflex sensitivity at this exercise intensity 

was also apparent when expressed as the change in heart rate per 

unit change in blood pressure. 

The investigators explained that the relationship 

between RR interval and systolic blood pressure is effectively 

linear while the relationship between heart rate and systolic 

blood pressure is hyperbolic. The for~er was chosen in order to 

examine changes in sensitivity of the baroreflex, therefore, 
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based on greater validity for the co~parison of regression 

slopes. 

The use of RR interval rather than heart rate may 

explain the different conclusions that have been made regarding 

the effects of dynamic exercise on the gain of the baroreflex. 

Heart rates recorded during the initial response to mild exercise 

in Melcher and Donald's study, when converted toRR intervals, 

did show a decrease in sensitivity or gain of the baroreflex 

, control of heart rate with exercise. 

Despite any decreases in baroreceptor sensitivit:y, the 

baroreceptor reflexes do play a role in determining the blood 

pressure responses to dynamic exercise (Melcher et al, 1981). 

Only s~all transient decreases were noted in dogs during the 

first 10 s of both light and moderately severe exercise when the 

baroreceptors were functioning nornally. However with no 

baroreceptor input available, arterial pressure demonstrated a 

sustained decrease during light exercise and an initial decrease 

with a return to resting levels during moderately severe 

exercise. 

2.5.1 Sunmary 

It has been demonstrated that the response of the RR 

interval to increases in systolic blood pressure decreases with 

dynamic exercise. The ability of the baroreflex to decrease 

heart rate, whether expressed as the change in RR interval (msec) 
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or i~ heart rate (bpm) per unit change in blood pressure, 

approaches 0 with an exercise heart rate of 150 bpm. The smaller 

RR intervals or higher heart rates which accompany each level of 

systolic blood pressure during exercise, have been interpreted as 

a cha~ge in the set point of the baroreceptor. 

Finally, that the baroreceptors play a role in the 

cardiovascular adjustment to exercise has been demonstrated 

through the comparison of blood pressu~e response with and 

without baroreceptor afferent input. Normally, arterial pressure 

increases with exercise despite vasodilatation within the 

exercising muscle. Eli~ination of baroreceptor afferent input in 

dogs resulted in either a sustained decrease in arterial blood 

pressure (light exercise) or an initial decrease in blood 

pressure with a return to resting levels (moderately severe 

exercise). 

2.6 	 The Role of the Baroreceptor in Diving 

Bradycardia 

Breath-hold facial immersion triggers three responses: 

apnea, bradycardia, and peripheral vasoconstriction. Moreover, 

each response is the result of an interaction of a number of 

reflexes. For these reasons, Daly et al (1979) have argued that 

the term "diving reflex" is misleading. This section of the 

paper will discuss the role of the baroreceptor reflex in diving 

bradycardia. 
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Paulev (1968) stated that there are adequate stimuli for 

an explanation of diving bradycardia based on a baroreceptor 

response to changes in arterial blood pressure. Relaxation of 

the respiratory muscles after a ::taximal inspiration results in an 

increase in intrathoracic pressure. These changes are 

transcnitted to the arterial systen and may, through the 

baroreflex, trigger decreases in heart rate. 

The__ increase in thoracic press~re also acts as an 

.--_,impedance to·venous return (Sharpey-Schaefer, 1965). In support 

of this, an initial hypotension during simple breath-hold and 

breath-hold combined with a variety of cold stimuli applied to 

the face has been reported (Ka~ak~i et al, 1967). Diving 

bradycardia was found to be independent of changes in esophageal 

pressures within the range of -5 to +16 c:n H 2 0. The high 

esophageal pressures were created by closing the glottis. 

Whether the manoeuvre was initiated at the end of a normal 

expiration or at the end of a ma.xi:n.al inspiration did not make a 

large difference in these measures. 

Two studies (Heistad et al, 1968; Kawakami et al, 1967) 

have documented gradual increases in systolic and diastolic blood 

pressure during breath-hold facial immersion. With a water 

0 0 
ta~perature of 20 to 25 C, mean arterial pressure reached levels 

that were an average of 20% above resting levels (Heistad ~al, 

1968). 

These increases in blood pressure are the result of 

http:ma.xi:n.al
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peripheral vasocontriction. Increases in vasomotor tone ~ay be a 

direct effect of temperature receptor (Heistad et al, 1968) or 

arterial chemoreceptor (Coleridge _e_t____ s ti:n ula tion.a_l~, 1979) 

Alternatively, the peripheral vasoconstriction may represent a 

baroreceptor mediated response to any initial decrease in venous 

return and cardiac output. 

Two studies have exanined the role of the baroreceptor 

in diving bradycardia. The first (Heistad et al, 1968) reported 

that decreases in heart rete did not parallel increases in blood 

pressure during breath-hold facial immersion in each of their 

subjects. The authors were unable to accept or reject the role 

of the baroreceptor in diving bradycardia based on this 

evidence. Decreases in heart rate separate of increases in blood 

pressure may have been the result of stimulation of tenperature 

receptors in the face (Eeistad et al, 1968; Paulev, 1968; 

';.,"'"hayne et al, 1967; Kawaka:1i et al~ 1967; Brick, 1966) or of 

arterial chemoreceptors (Stromme and Blix, 1976; Moore et al, 

1973; Kawakami et al, 1967). 

The second study (Finley et al, 1979) examined the 

inportance of increases in blood pressure to the diving brady­

0 
cardia response. Breath-hold facial L~mersion (6 C water) was 

performed both at rest and while exercising at 60% of ~aximal 

oxygen uptake. Both the increases in systolic blood pressure and 

the decreases in heart rate during the resting trials were 

potentiated by the addition of ~exercise. Neither alpha nor beta 
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adrenergic blockade had an effect on the decrese in heart rate 

during breath-hold facial immersion. Alpha blockers weaken the 

bodies peripheral vasoconstrictor response, while beta blockers 

reduce increases in heart rate and cardiac contractility. 

Cuff measures of systolic blood pressure supported a 

decrease in or elimination of sympathetic baroreceptor stimuli 

during the breath-hold facial i~mersions as a result of each 

pl\aJ;lllacologicaL intervention. -----However, circulatory adjustments 

-may have- occurred in response to the autonomic blockade. 

Increases in either mean arterial or pulse pressure could have 

provided baroreceptor stimuli- during the breath-hold facial 

immersion trials. As well, interactions exist between the 

sympathetic and parasympathetic control of the heart (Levy et al, 

1971). Interference with one of these branches of the nervous 

system makes it difficult to interpret the final response, in 

this case the heart rate changes during breath-hold facial 

irrun ers ion. 

Sunmary 

Diving bradycardia may represent a baroreceptor mediated 

response to increases in arterial blood pressure. One study 

found that the decrease in heart rate appeared to follow the 

increases in blood pressure in some subjects. If these subjects 

were also those who demonstrated a strong heart rate response to 

breath-hold facial lirrmersion, the role of the baroreceptor in 
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diving bradycardia would have been supported 

2.7 General Summary 

The baroreceptor reflex responds to increases in arterial 

blood pressure through decreases in heart rate and peripheral 

vasodilatation, and to decreases in arterial blood pressure 

through increases in heart rate. The majority of studies 

examining the reflex have used changes in RR interval in response 

to drug-induced increases in systolic blood pressure, as an 

indication of baroreceptor sensitivity. Subj~cts classified as 

baroreceptor sensitive with this measure also }denonstrated large 

daily fluctuations in heart rate and an ability to maintain a 

relatively constant arterial blood pressure. 

The present study used two manoeuvres to stimulate the 

arterial baroreceptors. The measurement of the relationship 

between changes in systolic blood pressure and changes in RR 

interval during the blood pressure overshoot in the recovery of 

the Valsalva manoeuvre has been validated against measures using 

drug-induced increases in blood pressure. Isometric exercise has 

not been used to examine baroreceptor sensitivity in previous 

studies. However, it has been shown that the system's ability to 

regulate arterial pressure is not changed during isometric 

exercise. 

The purpose of this study was to compare measures of 

baroreceptor sensitivity in responders and non-responders to 
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breath-hold facial rocnersion. Subjects were placed into these 

groups based on their heart rate responses to breath-hold_facial 

immersion performed during dynamic exercise. The addition of 

dynamic exercise to breath-hold facial immersion results in a 

heightened blood pressure response and a larger percent decrease 

in heart rate. The level of exercise used in the present study 

has been shown to reduce, but not eliminate, the cardiodepressor 

component of the baroreflex. 



------------------------------------ -

CHAPTER III 


METHODS 


3.1 Design 

The purpose of this study was to compare measures of 

baroreceptor sensitivity in those individuals who demonstrate a 

pronounced slowing of pulse rate during breath-hold facial 

~ersion (responders) and those who show lit:tle or no 

bradycardia (non-responders). 

Volunteer university students performed three trials of 

breath-hold facial immersion during rest and three trials during 

mild steady-state cycling. Subjects were placed in groups of 

responders, non-responders and weak responders based on their 

heart rate response during the exercise trials. Thirty-nine 

students were screened in order to find a minimum of six who 

decreased their heart rate by greater than 35% and six who 

decreased their heart rate by less than 10% during t:he initial 10 

s of each trial. The six with the strongest responses were 

classified as responders and the six with the weakest as 

non-responders. The renaining 27 subjects were labelled weak 

res ponders. Maximal oxygen uptake was measured during cycle 

ergo:netry using the open-circuit method in the six responders and 

the six non-responders on a separate occasion. 

49 
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Each of the 39 students tested for their response to 

breath-hold facial immersion returned to the lab to perform 

three trials of forced expiration (Valsalva manoeuvre) and three 

trials of isometric handgrip exercise. Systolic and diastolic 

blood pressures were measured as often as possible ( every 20 s) 

with a standard sphygmomanometer, both during the manoeuvres and 

during a 2 min recovery period. Heart rate was monitored 

continuously over the sane period on a physiograph. The systolic 

blood pressure, diastolic blood pressure and heart rate response 

patterns of the responders and non-responders to breath-hold 

facial i~mersion were analyzed for possible differences in 

baroreflex sensitivity. 

3.2 Pretest (Screening) 

Twenty-one male and 18 fenale university students, aged 

19 to 30 years, were pretested in order to identify six 

responders and six non-responders to breath-hold facial 

~ersion. Subjects were classified according to their heart 

rate response to facial tnmersions performed during dynamic 

exercise. 

The subjects were seated on a Quinton constant workload 

bicycle (model #844) with a pan of cold water (4
0 

-6
0 

C) supported 

at handlebar level. Both heart rate and rhythm were recorded on 

a single channel Cambridge electrocardiograph (model VS4) from a 

-1
modified V lead. The paper speed was set at 50 mm.s 
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Breath-hold was initiated following a maxinal inspir­

ation. Subjects were instructed to breathe normally befor~ the 

full inspiration and were taught to avoid forced breath-hold or a 

Valsalva manoeuvre. A maximal breath-hold effort was encouraged 

with each trial. The subjects assumed a position with their face 

over the water pan while 15 s pre-immersion and 30 s 

post-emersion electrocardiographic traces were recorded. 

Subjects performed three facial immersions during rest. 

They then began cycling at a constant rate of 50 rpm. Power 

output on the ergometer was increased each minute until a heart 

rate of approximately 130 bpm was reached. This level of 

exercise was maintained until a second set of three facial 

immersions had been completed. A minimum of 4 min separated the 

facial immersion trials, both during rest and during exercise. 

Consecutive 1 min counts of heart rate were compared in order to 

ensure that the subject was in steady-state before initiating 

each facial immersion. 

Pre-immersion heart rates were calculated from the 

average RR interval in the 12 s period preceding the full 

inspiration. The longest two-beat interval within the initial 10 

s of the exercise facial immersions and the longest over the 

total duration of the resting facial immersions were chosen to 

represent the post-immersion heart rates. 

Criteria for the classification of subjects were based on 

results from 21 students tested in a pilot study (Appendix A). 
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The screening was continued until a minimum of six subjects 

decreased their heart rate by greater than 35% ~f the 

pre-immersion level and a minimum of six decreased their heart 

rate by less than 10% of the pre-immersion level during the first 

10 s of all three exercise breath-hold facial tn~ersions. At 

that point, the six subjects with the strongest responses were 

selected as responders and the six with the weakest as 

non-responders. All subjects not placed into one of these two 

categories (27) were classified as weak responders. 

3.3 Procedures 

3-3·1 Direct measurenent of maximal oxygen uptake 

Direct measures of oxygen uptake were obtained using 

open-circuit spirometry as described by MacDougall et al (1982). 

Subjects exercised to the point of exhaustion on a Monark cycle 

ergometer (model /1868). The initial workload was 300 kp.n.min 1 • 

This was increased by 2 00 kp:n .min -l every 2 min for the females 

and by 300 kpm.min- 1 every 2 min for the males. 

During the final workloads, subjects wore a noseclip and 

breathed through a one-way valve. The volume of inspired air was 

measured with a Hewlett-Packard digital pneunotach~1eter (model # 

4000VR). The linearity of the electrical output from the 

pneumotachometer was checked against actual flow measures using 

a 500 ml calibration syringe. A Godart oxygen analyzer (model 

11176) and a Hewlett-Packard capnograph (model #47210A) provided a 
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#47210A) provided a continuous assessment of the oxygen and 

carbon dioxide concentrations in the expired air. These measures 

were calibrated with two gas samples containing a known 

concentration of oxygen and carbon dioxide. Heart rate was 

monitored using a V lead system. All measures were recorded on 

a Narco Biosystems physiograph (model #PMP-4A). 

3.3.2 Valsalva manoeuvre 

The Valsalva manoeuvres were performed with a modified 

sphygmomanometer. Trials consisted of forced expiration through 

a mouthpiece against the mercury column. 

A noseclip was worn during the manoeuvre. H~~ever, a 

small leak in the systetn ( .s - 1 mmHg.s- 1) was established with a 

two-way connector placed between two sections of tubing. A 

constant flow of air through this leak assured the exper~enter 

that the subject had maintained an open glottis throughout the 

trial. 

The Valsalva manoeuvre was initiated following a maximal 

inspiration. The subject then brought the mercury column to the 

30 mmHg mark and maintained that level of respiratory effort for 

40 s. The tirne fran the initiation of the maximal inspiration to 

the start of the trial was not more than 5 s. A 7 min rest 

period followed each Valsalva manoeuvre. 
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3.3.3 Isometric exercise 

Isometric exercise was performed with a Lafayette hand-

grip dynanometer (model #78010). The handle position was 

adjusted to fit each subject's grip size (ie. second phalangeal 

joint placed under the handle). Two maxi':nal handgrip efforts, 

separated by 1 to 2 min of rest, were used to measure maximal 

voluntary contraction. These were completed approximately one 

half hour before the isometric trials. 

During the experimental trials the participant maintained 

70% of their maxi.'nal force of contraction for as long as 

possible. A loss of greater. than 20% of this force level 

signalled the end of the trial due to fatigue. Instruc-tions were 

given throughout the trials to involve only the dominant forearm 

muscles in the exercise. As well, subjects continuously reported 

the level of force being produced in order to avoid breath-hold. 

The time between the isometric manoeuvres was approximately 12 

min. 

3.3.4 Data collection 

Subjects were seated while they performed three trials of 

forced expiration (Valsalva manoeuvre) and three trials of 

isometric handgrip exercise. Heart rate, systolic blood pressure 

and diastolic blood pressure were recorded during the manoeuvres 

and during a 2 min recovery period. Using a stethoscope and a 

standard sphygmomanometer, systolic and diastolic blood pressure 
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could be measured approximately every 20 s. Trials were repeated 

if fewer than two systolic and two diastolic measure~ were 

recorded during a ~anoeuvre. The cuff was placed on the 

nondominant arm and diastolic pressures were read at the point of 

muffling of the arterial sounds. Heart rate was monitored using 

a V lead system. A Narco Biosystems physiograph (model #¥MP-4A) 

recorded the signal throughout the trials at a paper speed of 5 

mm.s-1. Baseline measures were recorded before each trial. 

Heart rate was counted over a 1 min period and ·'paired with a. 

simultaneous blood pressure reading. Trials began 1 min after 

these levels were recorded. 

3. 4 Data Analysis 

Heart rates were estimated from the number of QRS 

complexes in each 10 s period during the Valsalva manoeuvre. Due 

to the varying length of the isometric trials, heart rates were 

counted over the 10 s preceding the end of the first, second, 

third and fourth quarter of the manoeuvre. Where these tests 

lasted less than 40 s, 5 s heart rate counts were used. Recovery 

heart rates for both manoeuvres were taken from consecutive 10 s 

strips on the physiograph during the initial 1.5 min 

post-release. All heart rate counts were estimated to the 

nearest half beat. 

Heart rate, systolic blood pressure and diastolic blood 

pressure measures were converted to values which represented the 
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change from baseline levels. These data were then plotted over 

tL~e using a Minitab computer program (Appendix D). Each plot 

contained data from one of three groups; responders, 

non-responders or weak responders. Visual examination of these 

plots was used to select the portions of the heart rate, the 

diastolic blood pressure and the systolic blood pressure 

responses that would best fit a linear regress ion model (Table 1 

P·57) • However, points on the scatterplots did not distinguish 

.between subjects or between trials. It is possible, -therefore, 

that the pattern of change represented by the scatterplots did 

not accurately reflect the pattern of changes in heart rate and 

blood pressure during isometric exercise. 

Direct measures in a small sub-sample (Appendix E) showed 

large increases and decreases in systolic and diastolic blood 

pressure which followed no set pattern during the first 7 s of 

recovery from the Valsalva ~anoeuvre. If this is a typical blood 

pressure response, cuff measurenents taken during this period 

would represent random samples rather than a pattern of change 

over time. For this reason, cuff measurements taken during this 

period were excluded from the analyses. 

The heart rates recorded in responders and non-responders 

during each t±ne interval of the Valsalva manoeuvre and isometric 

exercise trials (Table 1) were entered into a separate repeated 

measures analysis of variance (BMDP-2V). The mixed design (ie. 

within and be~ween subjects variables) examined the effects of 2 
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TABLE 1 

The time intervals chosen for the analyses 

VALSALVA MANOEUVU ISOMKTlUC IWmClllP !XD.CISI 
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Systolic 
Blood 
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Diastolic 
Blood 
pressure 

Heart 
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Blood 
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Diastolic 
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preaaure 

TIM! 

INTERVALS 

.,. . .. 

1 
teat 
duration 

test 
duration 

teat 
duration 

test 
. duration 

test 
duration 

teat 
duration 

2 
release to 

40 • 
poet-release 

8 to 25 • 
post-release 

8 to 55 s 
post-release 

release to 
20 s 
post-release 

release to 
25 s 
poat-relea1e 

release to 
25 • 
poat-relea•e 

3 25 to 55 1 

post-release 

----­ - ~------~~~---

20 to 60 1 

post-release 
25 to 55 • 
po~t-r~leaae 

25 to 55 1 
poat..releaee 

V1 

" 

l '" ' I 
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groups by 3 repetitions by 3 or 4 time points. These analyses 

identified any group effects on the change in heart rate over 

time. The orthogonal option provided by this statistical program 

was used to examine group differences in any significant linear 

or quadratic components of change in heart rate over time. 

However, blood pressure measures were recorded at 

different points in each trial and the number of measures varied 

across trials. In order to examine the pattern of change of 

these measures~- s.imple regressions (SPSS) were performed for each 

subject using the data points from all three trials. Each 

regression line described the. change in either systolic or 

diastolic blood pressure over one ti~e interval (Table 1). Group 

comparisons (ie. responders vs non-responders) tested the 

differences in the slopes and then, where the rate of change of 

pressure was the same in the experimental groups, the differences 

in the intercepts of these lines. Data fro.n each the interval 

of each pressure measure were entered separately into a one-way 

analysis of variance. 

The results of all group comparisons were checked through 

an analysis of covariance (BMDP-2V). This statistical program 

was used to separate out any effects of group differences in 

factors other than the responsiveness to breath-hold facial 

L~mersion. The role of the baseline levels of the dependent 

variable being examined (ie. heart rate, systolic or diastolic 

blood pressure), as well as that of the subjects' fitness levels 
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were analyzed. Additional covariates were exanined in the 

analysis of the iso~etric handgrip data. These were maximal grip 

strength and the average length of time to fatigue • 

• 




RESULTS 

CHAPTER IV 

4.1 Pretest (Screening) 

Subjects (N=39) cycled at a mean power output of 667± 34 

kpn .min- 1 (range 300 - 1300 kpn .min-1) during the exercise facial 

immersions. Pre-immersion heart rates in these trials ranged 

from 115 to 147 bpm. The mean pre-immersion heart rate, 

calculated fro;n each subject's average measure across trials, was 

132 ± 1 bpm. The corresponding values for responders and 

non-responders were 132 ± 3 and 130± 2 bpn, respectively. 

Eight of 39 subjects exceeded the minimum response levels 

set for classification as a responder to breat~hold facial 

immersion, while 6 of 39 met the criteria for classification as a 

non-responder. The six subjects selected as responders (41.(~ 26) 

were 22 ± 2 and the six selected as non-responders (2~~ ~ were 

21 ± 1 years of age. Mean values for maximal oxygen uptake in 

these two groups were 41 ± 3 (range 32-51) and 4 7 ± 3 (range 35-56) 

1 k . -1m • g.m1n , . 1respect1ve y. The 27 weak responders (129~ 15d') 

were 22 ± 0 years of age. 

Figure 3 (p. 61) de::nonstrates the distribution of heart 

rate responses to the 117 trials of breath-hold facial immersion 

performed during exercise (ie. 3 trials for each of 39 

60 
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Figure 3. 	The distribution of heart rate responses to 117 
breath-hold ~ersion trials (ie. three trials for 
each of 39 subjects) performed during mild 
steady-state exercise. Post-immersion heart rat:es 
were calculated from the longest two beat: interval in 
the initial 10 s of the manoeuvre. 
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subjects). The longest two beat interval during the initial 10 s 

of facial immersion represented an increase in heart rate from 

the pre-i.-nmersion level in 6% of tbese=trTals~~ (5 subjects). In 
~ ~ 

the same number of trials (4 subjects) this measure re~resented a 

decrease -in heart rate of 50% or .greater. Forty-eight% of the 

trials produced two· beat intervals with-in the first ~10 s which 

equalled heart ra"tes of 8lc to 100% of the basel:i:ne~level. · The 

average within subject variance of.,,the post,-immersion heart rates 

expressed as a percentage of the pre-immersion heart rate (Figure 

3) was 36.8 in the.responders and 26.7 in the non-responders. 

The degree of bradycardia found during the resting 

breath-hold facial immersions is illustrated in Figure 4 (p. 64)· 

Each trial has been coded according to the strength of the 

response of the subject to the same manoeuvre performed during 

exercise (ie. responder, non-responder or weak responder). The 

average percent decrease in heart rate during resting trials for 

each subject showed little or no relationship (r=.22, 
. 

37df, 
. 

N.S.) 

to the average exercise response. 

Heart rate decreased by 18 to 67% in the resting 

breath-hold facial immersion trials. In 40% of the trials sub­

jects reached heart rates that were just over one half (51-60%) 

of their pretest rate. The subject's average breath-hold tirne 

(range 23-125 s; mean 51 ± 4 s) was not related to their average 

percent decrease in heart rate (r=.003, 37 df, N.S.). 

The mean value calcul:-ated- from each subject's average 
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Figure 4. 	 The distribution of heart rate responses to 
breath-hold facial im~ersion perfo~ed during rest. 
Post-immersion heart rates were calculated from the 
longest two beat interval. Each trial has been coded 
according to the strength of the response of that 
subject during the exercise trials (ie. responder, 
non-responder or weak responder). 
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pre-immersion heart rate in the resting condition was 83± 2 bpm. 

Baseline measures ranged from 57 to 121 bpm. Subjects who 

decreased their heart rate by 50% or more in all three trials had 

an average pre-immersion heart rate of 88± 4 bJXn (4 subjects). 

In comparison, those who maintained a heart rate that was 61% of 

the pretest heart rate or greater in all three trials had a mean 

baseline heart rate of 75±3 bJXIl (8 subjects). 

4.2 	 TL~e Intervals Chosen for the Ex~ination of the Change 

Over Tine in the Dependent Measures 

Table 1 (p. 57) gives -the tLrne intervals chosen from 

scatterplots for the analyses. The repeated measures statistical 

programs were applied to the heart rate data collected in 

responders and non-responders during the isometric handgrip and 

the Valsalva manoeuvre trials. Over each tine interval, heart 

rate demonstrated a significant (p(.05) linear component of 

change over time. In addition, significant (p<.OS) quadratic 

components were identified in the change in heart rate during 

isometric exercise and over the second time interval for both the 

isometric and Valsalva manoeuvre trials. However, groups did not 

differ significantly in the linear or quadratic components of the 

change over time. 

4.3 	 Valsalva Manoeuvre 

No significant differences between responders and 
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non-responders to breath-hold facial immersion were found in 

heart rate, systolic or diastolic blood pressure responses _to the 

Valsalva manoeuvre. The average baseline heart rate for the 

Valsalva manoeuvres was 72 ± 2 bp:n. This measure was associated 

with a systolic pressure of il9 ± 2 mmHg and a diastolic pressure 

of 79 ± 1 mmHg. Heart rates of more than 20 bp:n below baseline 

levels were recorded during the first 40 s of recovery (ie. the 

second time interval p. 57) in 13 subjects. Values were as low as 

39 bp:n below the baseline levels. Systolic blood pressure 

measures greater than 20 mmHg above baseline were recorded during 

the same portion of the recovery traces in 34 subjects, with 

values as high as 54 mmHg above baseline. In addition, diastolic 

blood pressures of 20 mrn.Hg above baseline were recorded during 

the first 40 s of recovery in 2 subjects. 

4.4 	 Isometric Handgrip Exercise 

The mean pretest heart rate for the isometric trials was 

75± 2 bp:n. Mean baseline blood pressure was 119± 2/76 ±1 mmHg. 

Figures 5 (p.68) and 6 (p. 70) illustrate the relationship 

between handgrip strength and the maximal increase over three 

isometric trials in systolic and diastolic blood pressure, 

respectively. Handgrip strength varied from 29 to 67 kg across 

subjects. Similarly, the highest recorded systolic pressure 

response (Figure 7 p. 72) and the highest recorded diastolic 

pressure response (Figure 8 p. 74) in individual subjects have 
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Figure s. 	 The relationship between each subject's (N=38) grip 
strength and the maxL~al recorded increase in systolic 
blood pressure over three is~etric trials. 
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Figure 6. 	 The relationship between each subject's (N=36) grip 
strength and the maximal recorded increase in 
diastolic blood pressure over three isometric trials. 
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Figure 7. 	 The relationship between each subject's (N=38) average 
length of time to fatigue and the maximal recorded 
increase in systolic blood pressure over three 
isa:netric trials. 
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Figure 8. 	 The relationship between each subject's (N=36) average 
length of tXne to fatigue and the maximal recorded 
increase in diastolic blood pressure over three 
isometric trials. 
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been plotted against the average length of time to fatigue over 

the three isometric trials. Individual trials of isometric hand­

grip exercise lasted from 23 to 151 s. Those subjects without a 

blood pressure recording in the last quarter of at least one 

trial -were not included -in the scatterplots. The only 

significaht relationship was between handgrip strength and each 

-subject's (N=36) maximal increase in diastolic blood pressure 

over the three isonetric handgrip trials (r=.41, 34 df, p(.OS). 

The mean maximal recorded increase in systolic blood 

pressure over the three isonetric trials was 43 ± 2 mmHg (N=38). 

The corres-ponding measure of the maximal increase .. in diastolic 

. blood pressure response~was 43±2 mmHg (N=36). In one trial of 

one subject, systolic blood pressure increased by 95 mmHg and 

diastolic blood pressure increased by 68 mmHg. This represented 

an elevation in ~ean arterial pressure of 77 mmHg. In contrast, 

all systolic and diastolic blood pressure measures taken in two 

subjects were within 25 mmHg of the pretest level. 

An analysis of variance revealed a significant difference 

(F[1,10]=5.33,p<.OS) in the slope of the increase in systolic 

blood pressure (see Methods p. 58) during the isometric trials 

between the responders and the non-responders to breath-hold 

facial immersion (Figure 9 p. 77 ) • Mean values for these two 

groups were .64 ± .12 and .95± .OS mmHg of increase in systolic 

blood pressure per unit of time (length of trial in seconds/40), 

respectively. In addition, responders showed a significantly 

http:F[1,10]=5.33,p<.OS
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Figure 9. 	 Changes in systolic blood pressure in response to 
isometric ·handgrip exercise. One regression line was 
calculated for each time interval from the measures 
recorded over three trials of each subject. The lines 
on the graph represent an average slope and an average 
intercept. The slope of the response was higher in 
the non-responders, both during the isometric trials 
(p<.05) and over the first 25 s of recovery (p(.Ol). 
Responders and non-responders did not differ in the 
average slope or the average intercept of the lines 
representing the systolic blood pressure response from 
25 to 55 s post-release. The regression line for the 
response over this period represents data collapsed 
over groups. 
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lower rate of decrease in systolic blood pressure (-.02 ± .36 

-1
mmHg.s ) than the non-responders (-1.6 ± .25 

1
mmHg.;) ov_er the 

initial 25 s of recovery (analysis of variance 

F[l,l0]=12.07,p(.Ol). 

Differences between responders and non-responders were 

also found in the diastolic blood pressure response to isometric 

exercise (Figure 10 p. 80). The mean slope of the response during 

isometric exercise represented an increase in diastolic blood 

pressure in the res ponders (. 63 ± .15 mmHg per unit increase in 

time), while that of the non-responders (-.38±.12 mmHg per unit 

increase in time) represented a decrease in diastolic blood 

pressure (analysis of variance - F[1,10]=28.89, p(.OOl)­

Too few diastolic pressure measures could be taken over 

the first 25 s of recovery to compare the extreme groups. 

However, significant group differences (analysis of variance ­

F[l,l0]=5.26, -p(.05) in the slope of the response were found over 

a period which began 25 s post-release and ended 55 s 

post-release. The mean slope of the response over this time 

-1
interval was .92 ±.48 mmHg.s in the responders and -.21± .11 

-1mmHg.s the non-responders. The regression lines calculated for 

4 of the 6 responders had a positive slope and for 5 of the 6 

non-responders had a negative slope. 

Finally, the mean change in heart rate over the ti.;ne 

period from 15 to 55 s post-release was significantly different 

(analysis of variance- F[1,10]=6.64, p(.05) in the responders 

http:variance-F[1,10]=6.64
http:F[l,l0]=5.26
http:F[1,10]=28.89


80 

Figure 10. 	 Changes in diastolic blood pressure in response to 
isometric handgrip exercise. One regression line was 
calculated from the data collected over the three 
trials of each subject. The lines on the graph 
represent an average slope and an average intercept. 
Group differences were found in the slope of the 
response both during the isometric trials (p<.OOl) and 
over a time interval from 25 to 55 s post-release 
(p<.05). 
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(+3.6 bpm) and non-responders (-1.2 bpm) to breath-hold facial 

immersion (Figure 11 p. 83)· The slope of the heart rate response 

over_ the __ sa'lle time interval was similar in the two groups 

(time/group interaction N.S.). 

4.5 Analyses of Covariance 

The level of ~he pretest heart rate was related to the 

change in heart rate both over the duration of the iso:n.etric 

trials (F[l,6]=10.9, p(.05)- and during the initial 40 s 

post-release of the Valsalva manoeuvre (F[l,9]=15.9, p(.Ol). As 

well, a relationship was denonstrated between the pretest level 

of systolic blood pressure-and the intercept of the regression 

line for the change in systolic blood pressure during isometric 

exercise (F[1,8)=8.52, p(.OS). A portion of the variance in both 

the slope (F[l,6]=6.69, p(.05) and the intercept (F[1,6]=7.74, 

p<~OS) of the regression lines for the change in systolic blood 

pressure between 8 and 25 s post-release of the Valsalva 

manoeuvre may be accounted for by subject differences in maxLmal 

oxygen uptake. In each of these instances, neither the analysis 

of covariance nor the analysis of variance demonstrated a 

significant group effect. 

http:F[1,6]=7.74
http:F[l,6]=6.69
http:F[1,8)=8.52
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Figure 11. 	 Changes in heart rate (X± SE) in response to isometric 
exercise. These values were not different in the 
reponders and non-responders to breath-hold facial 
im.:nersion> either during the iso:netric trials or over 
the initial 15 s of recovery. Mean values 
plotted over these ti:ne intervals represen.t data 
collapsed over the two groups. The analysis of 
variance for the data collected between 15 and 55 s 
post-release revealed a significant (p(.05) group 
effect and a nonsignificant time by group 
interaction. 
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DISCUSSION 

CHAPTER V 

The results of this study indicate that differences in 

the blood pressure response to iso:netric handgrip exercise exist 

between responders and non-responders to breath-hold facial 

~ersion perfor~ed during dynamic exercise. 

5.1 Breath-hold Facial l~mersion 

PrelL~inary invasive data collected in 2 responders and 

2 non-responders (Appendix E) showed increases in mean arterial 

pressure of 2 7±5 mmHg and in pulse pressure of 12 ± 4 mmHg during 

resting breath-hold facial immersion. Heistad et al (1968) 

reported a mean increase of 15 mmHg in mean arterial pressure 

during 30 s breath-hold facial immersions. Colder water 

0 0 0 0 
tenperatures in the present investigation (4 -6 C vs 20 -25 C) 

may partially explain the stronger pressor response (Heistad et 

al, 1968). 

Breath-hold facial immersions performed during exercise 

produced larger increases in mean arterial (35 ± 5 mm.Hg) and pulse 

pressure (26 ±4 mmHg) than were found in the resting trials 

(direct measures). This is in agreenent with the findings of 
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Finley and associates (1979). They reported a heightened 

systolic blood pressure response during breath-hold .facial 

_immersions performed during 'cycling at 60% of maximal work 

capacity. 

The heart rate responses to breath-hold facial immersion 

-1'erformed d-uring - exercise were investigated in a pilot study 

_(Appendix A). The .results: showed that the differentiation 

.between responders, non:::-responders and weak responders occurred 

within the initial '1 0 s . In this portion of the-- invasive 

exercise trials, responders demonstrated increases (ie. )10 

:nmHg) in both mean arterial (12 -to 24 mrnHg) and pulse pressure to 

levels above those measured-before the manoeuvre. All increases 

in pulse pressure were associated with bradycardia. 

Non-responders, on the other hand, did not show pulse pressures 

above baseline levels. Each non-responder increased their mean 

arterial ·pressure in the initial 10 s of one breath-hold facial 

immersion trial (16 and b4 mmHg). 

Heistad and associates (1968) reported decreases in heart 

rate during breath-hold facial immersion that were not preceded 

by increases in mean arterial pressure. Examples of this were 

also found during the invasive trials. Each of the responders 

denonstrated an initial bradycardia in the resting breath-hold 

facial i~ersions which was not associated with increases in 

either mean or pulse pressure. Similarly, one responder (CA) 

showed a decrease in -heart rate at the initiation of both 
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exercise trials before mean or pulse pressure began to increase. 

In addition, heart rate in one res ponder ( BL) decreased from 82 

to 60 bpm with only transient increases in ~ean ·arterial pressure 

of approxL~ately 5 mmHg during one resting breath-hold facial 

immersion. 

_. In Tables A (resting breath-hold faciaL- immersion) and B 

(breath-hold facial im:nersion performed during exercise) of 

Appendix E, all breath-hold trials with 0 data points did not 

show an increase_ in the res.pective blood pressure measure. Both 

mean arterial and pulse pressures remained at or below baseline 

levels in one resting (res ponder) and in one exercise 

(non-responder) trial. 

Ignoring those breath-hold facial immersion trials with 

less than 7 data pairs (Tables A and B), correlation coefficients 

suggest a wide variability in any cardiodepressor effect of 

increases-in mean arterial and pulse pressure. The low and-

negative correlation values cannot be explained through opposite 

changes in mean arterial and pulse pressures. Except for a few 

beats at the initiation of breath-hold facial immersions 

performed during exercise in one responder (CA), these two 

pressure measures always changed in the same direction. The 

strength of the relationship between changes in blood pressure 

and RR interval may depend on the level of activity of other 

mechanisms known to cause heart rate changes during breath-hold 

facial irn.m ers ion ( ie. chemical and te11perature receptor 

;. ::.:_". 
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s ti:n ula tion) • 

The role of cardiopulmonary baroreceptor stimulation in 

the diving response must also be considered. Atrial receptor 

stimulation results in tachycardia, while bradycardia with a 

resultant hypotension is triggered through sti.mulation of the 

ventricular reC!:'e-p't-ers-{Brown, 1979). As. well, animal work has 

$hown that.... changes in central· blood volune (Billman et al, 

1981; Ludbrookcet al, 1981) and increases in the- positive 

end-expi~ory- press-ure in the lung (Mancia et al in Sepe et al, 

1982) may influence the heart rate response to arterial 

baroreceptor stimulation. 

Cardiopulmonary baroreceptor stimulation may occur during 

breath-hold facial L~ersion as a result of increases in 

intrathoracic pressure or in response to any resultant decreases 

in venous return. In addition, the increases in pulse pressure 

over pretest levels which were found during the invasive trials 

of b-reath-hold. facial immersion may reflect increases in venous 

return and, therefore,_ blood volune changes throughout the 

cardiopuL~onary systen. Whether any of these changes are strong 

enough to play a role in the heart rate response during 

breath-hold facial immersion is not known. 

In a pilot study, echocardiographic measures of left 

ventricular d:i.:nensions were obtained in one subject performing 

erect bicycling at a workload of 600 kp:n .min-1 The addition of 

breath-hold did not obscure the view of the left ventricle pro­
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vided that the anount of air in the lungs was no greater than 50% 

of vital capacity. 

5.2 Valsalva Manoeuvre 

Pail.mero et al (1981) reported that the increase in sys­

tolic .. blood pressure during the recovery phase of the Valsalva 

manoeuvre could be used as. a baros ti:nulus for_ the measurement of 

barosensitivity. These researchers focused on the portion of the 

invasive .,.blood pressure traces which began with the first 

elongated RR interval and ended with the highest systolic blood 

pressure. The regression coefficients representing the msec 

change in the RR interval per unit increase in systolic blood 

pressure were only considered measures of baroreceptor 

sensitivity if the correlation coefficient was greater than .65. 

However, the authors did not report the number of data points 

included in each correlation or the significance level of the 

correlation coefficients. 

Direct measures (Table C Appendix E) did not show a 

significant relationship between increases in blood pressure and 

increases in the RR interval during the recovery phase of the 

Valsalva manoeuvre. Those trials with the highest number of data 

pairs (8 or 9) showed correlation coefficients of -.2 and .15 

between measures of change in pulse pressure and RR interval, and 

of -.14 and .29 between measures of change in mean arterial 

pressure and RR interval. These low values suggest that the 
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baroreceptor response to increases in arterial pressure did not 

play an L~portant role in the control of heart rate during the 

recovery from forced expiration (Valsalva manoeuvre). 

In experiments performed by Pablero and associates 

(1981), · the Valsalva manoeuvres were held for 20 s at an 

expiratory pressure ·of 40 mmHg. However in the present study, 

subjects maintained a. mouth pres.sure of 30 mmHg for 40 s. The 

25% lowe.r mouth pressure was .associated with a 46% lower (33 ± 8 

-- direct measures vs 60.8 ± 4.2 mmHg) maxi:nal change--in systolic 

blood pressure during the recovery phase. The different 

intensities of forced expiration may also have resulted in a 

shorter time period over which mean arterial and pulse pressure 

were increasing during recovery in the present study. If this 

were the case, fewer data points would be available for the 

calculation of the regression coefficients. 

In three of the four subjects (DA and DM--non-responders, 

CA--responder) involved in the invasive trials, secondary 

increases in pulse pressure (ie.)lO mmHg) were observed during 

both Valsalva manoeuvres (Figure D Appendix E). Final levels 

were either below, equal to or above those measured before the 

test. Increases in pulse pressure during this phase of the 

Valsalva manoeuvre were also reported by Korner et al (1976). 

That other -investigators (Stone et al, 1965; Gorlin et al, 1957) 

... __ did not find secondary increases in pulse pressure may be 

-explained by their_ us.e ·of higher expiratory pressures maintained 
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over a shorter tit11e period. The increases found in the invasive 

trials may represent SO'Jle ability to regain stroke volune. _ It is 

the decrease in venous return and the increases in peripheral 

resistance in response to a diminished pulse pressure that are 

·.thought to be responsible for the blood pressure overshoot during 

the. recovery fran the Valsalva manoeuvre (Stone et al, 1965). 

The regression·.lin.es d.escribing the heart rate and blood 

- pressure responses to the .Valsalva manoeuvre were not different 

in the responders and· -non-responders in the present 

investigation. This suggests that these two groups are equally 

barosensitive. However with heart rates counted over 10 s 

periods and 20- s between blood pressure measures, rapid changes 

which might have reflected differences between the t~o groups may 

have been missed. 

·It is also possible that wide variability in the measures 

used in this study was able to mask group differences.· For each 

subject the absolute workload performed during the VM trials (30 

mmHg for 40 s) represented a different percentage of their 

maxi~al capacity for forced expiration. Differences in the heart 

rate and blood pressure responses to work performed by the 

respiratory muscles, therefore, would account for a portion of 

this variability. 

A check of mean levels of heart rate for the responders 

and non-responders at the different time points did not suggest 

that variance was a problem or that group differences could be 

http:regression�.lin.es
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demonstrated with a larger number of subjects. However, group 

differences in the blood pressure responses (ie. the slopes and 

intercepts of the regression lines) may have been missed due to 

high variability of the measures. For example, the slope of the 

diastolic blood pressure response over a period from 8 to 25 s 

post~release represented · a net change of 18 mmHg in the 

non-responders ccmpared to a net change of 77 mmHg .in the 

res ponders • 

5.3 Isometric Handgrip Exercise 

The regression line for ·systolic press-ures during· iso­

metric ·exercise in the· ·non-responders demonstrates· a greater 

average increase per unit of time than that of the responders 

(Figure 9 p. 77). One interpretation of this finding is that the 

the non-responders are less able to maintain a resting level of 

arterial blood pressure. Ogawa and co-workers (1981) 

demonstrated a negative correlation between baroreflex 

sensitivity and . the variability of systolic blood pressure. 

However, the changes in systolic blood pressure must be 

considered along with the diastolic blood pressure responses 

which would have a greater effect on mean sys te'llic pressure 

(Figure 10 p. 80 ). In the present study, non-responders showed a 

trend toward a decrease in diastolic blood pressure during 

iscmetric exercise.· In comparison, the regression line for the 

• responders represents increases in diastolic blood pressure over 
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the test duration. 

The use of regression lines l~its the interpretation of 

these results. Without actual measures of systolic and diastolic 

blood pressure at set time points, a comparison of the levels of 

baroreceptorst:L-nuli -(e.g. mean arterial pressure and pulse 

pressure) in the two groups cannot be made. As well, the 

collapsing of data over .trials in order to calculate the 

regression line for each subject may have introduced artifact. 

For ex~ple, only two non-responders actually showed a decrease 

in diastolic blood pressure during a single isometric exercise 

trial. However, the regression ·lines for five of these subjects 

had a negative slope (Appendix C). Therefore, we do not know 

whether the responders were better able to regulate arterial 

pressure during isometric exercise than the non-responders. 

Differences in the regression lines for blood pressure 

responses over the next two time intervals (Table 1 p. 57 ) 

suggest higher levels of baroreceptor sensit~·ty in the 

responders. Over the initial 25 s of recovery, responders showed 

the flattest systolic blood pressure response (Figure 9 p. 77). 

Measures taken during the last 2 s of the isometric trials were 

included in the data which produced these regression lines. 

However, only three responders and three non-responders had 

systolic blood pressures recorded during this period before 

release. The mean of these subjects' average values for the 

change .in systolic blood pressure at the end of the is001.etric 
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trials were 30± 5 mmHg in the responders and 34± 6 mmHg in the 

non-res ponders. No readings were taken over the 8 s _period 

.. 	 following release (Appendix. D). The response patterns for 

changes in systolic pressure over the next 30 s were similar in 

the two groups. 

During the second phase of recovery (26-55 s 

post-release), diastolic pressure measures in the Tesponders 

produced regress.ion lines with a positive mean slope while those 

- of the non- responders produced regFession lines with a negative 

mean slope~-~ The illustration in Figure 10 (p. 80) suggests that 

the non-responders are decreasi-ng their ·diastolic blood pressure 

, towards the. baseline .level. The pattern for the responders, on 

the other hand; suggests that they are recovering fran a drop in 

. _diastolic blo.od .pressure to levels below those .recorded before 

the test. Actual measures (Appendix D) show diastolic pressures 

··in both groups ··that are lower than pretest levels during this 

ti.11e interval. It is possible, however, that the immediate 

recovery response was more marked in the responders but not 

detected because of the ti.11e lag for measuring diastolic 

pressure. A large drop in diastolic blood pressure in the 

responders upon release of the handgrip may represent an attempt 

to regain normal· levels of arterial pressure through peripheral 

vasodilatation. 
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The heart rate responses to isometric exercise (Figure 

11 p. 83) do not support a stronger cardiodepressor effect of 

baroreceptor stimulation in the responders. Levels of change 

fro.:n baseline were not different in the responders and 

non-responders either ~d:trr-±ng the isometric trials·· or over the 

first 15 s post-release. Mean values of these measures did not 

suggest..that group. differences were not demonstrated as a result 

of a high .level of variance. Furthermore., the mean change in 

:' ,. ­heart rate from pretest levels over the period from 15 to 55 s 

post-release represented an increase in the responders (+3.6 

bpn) • This measure differed ·significantly from the negative 

values calculated for the non-responders (-1.2 bp:n). Group 

differences in these levels of change in heart rate renained 

consistent over this part of the recovery. A faster decrease in 

heart rate upon termination of the isometric contraction and/or 

lower levels of heart rate with respect to the baseline levels, 

would be expected ·in the most barosensitive group if the 

baroreceptor relied upon a bradycardia to return blood pressure 

to baseline levels post-release. Higher heart rates with respect 

to baseline measures in the responders may reflect a baroreceptor 

mediated response to the suggested undershoot of diastolic blood 

pressure during recovery (Figure 10 p. 80). 

Direct measures of blood pressure recorded during 

isometric exercise and over the 25 s period following release 

(Appendix E) do not support the noninvasive findings. Responders 
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and non-responders showed the sa~e rate of increase in systolic 

(Figure B) and diastolic (Figure C) blood pressure .during 

iso:netric exercise, with -higher levels of change in both measures 

at each tine point in the responders. Levels of change in 

systolic and diastolic blood pressure over the initial 25 s of 

recovery were. s-imilar in the two groups. -However, only two 

r.esponders. and two ....non-respond..ers were involved in the invasive 

trials. ___ Slopes _and .intercepts which represent g.roup comparisons 

simil-ar to those found with the direct measures could be selected 

fran the noninvasiv.e data (Appendix C). The discrepancy between 

the invasive and noninvasive group co:nparisons may also be a 

result of error ·introduced by the form of calibration used for 

the invasive data (Methods Appendix E). 

5.4 	 General Discussion 

The role of temperature receptor stimulation in diving 

-bradycardia has been .well established (Heistad et al, 1968; 

Paulev, 1968; Whayne et al, 1967; Brick, 1966). The addition of 

facial immersion (10° - 17° C) to breath-hold resulted in both a 

quicker initiation and a decrease in the tendency for heart rate 

recovery in the latter part of the manoeuvre (Kawakami et al, 

1967). As well, decreases in water temperature have resulted in 

apotentiation of the bradycardia response (Paulev, 1968; Whayne 

et al, 1967). 

Decreases in heart rate have been reported during 



97 

breath-hold in air (Oldridge et al, 1978; Moore et al~ 1973; 

Brick, 1966). Moore and associates (1973) denonstrated a 

potentiation of the heart rate response to a 40 s breath-hold 

facial im~ersion with a decrease in the alveolar pressure of 

oxygen. The level shown to provide hypoxic stimulation in 

Moore's experiment ( 69' mrn.Hg) is reached after 45 s (functional 

residual capacity) to 95 s (total lung capacity) of breath-hold 

performed during rest iHong ----"-al, 1971). is alsoet Hypercapnia 

thought to play a role in the intensification of diving 

bradycardia (Kawakami et al, 1967) provided that the arterial 

pressure of oxygen is decreased (Stromme and Blix, 1976). 

Breath-hold did not potentiate the heart rate response to 30 s of 

facial immersion with snorkel ·breathing (Kawakami et al, 1967). 

The study of the role of the baroreceptor in diving 

bradycardia is more complex. A variety of pressure st~uli 

present during the manoeuvre must be considered. Secondly, the 

reflex may respond through changes in vasomotor tone, changes in 

heart rate or through some combination of these two effector 

cnechanisms. 

An initial increase in intrathoracic pressure occurs with 

muscle relaxation after a full inspiration (Paulev, 1968). This 

change is-transmitted directly to the arterial system (Scharpey­

Schaefer, 1965). However, an initial increase in arterial blood 

pressure during breath-hold or breath-hold facial immersion was 

not reported by those who recorded continuous ~easures of blood 
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pressure (Heistad et al, 1968; Kawakami et al, 1967). One of 

four subjects involved in the invasive trials (DA) .Showed 

increases- in :systolic and dias.tolic blood pressure with the onset 

of breath-hold facial immersion performed both during rest 

(Figure E- Appendix E) and exercise. A second subject (DM) ex­

perienced· a slight increase in these pressures at the point of 

initiation of one resting facial im~ersion. Both of these 

subjects were non-responders to . breath-hold facial immersion •. 

-This data would suggestc..that a baroreceptor response to increases 

in pressure with the onset of breath-hold cannot explain the 

different- diving responses found in our subjects. 

Kawakami et al (196 7) reported initial transient decreases 

in blood pressure with both simple breath-hold and breath-hold 

facial i::n~ersion. These drops in blood pressure were also found 

in the invasive breath-hold trials (Figures E, F 'itt G Appendix E). 

The gradual decline began· immediately or 1 to 2 s into 

breath-hold and extended for 2 to 5 s. 

A comparison may be made between the responses to 

breath-hold facial immersion and to forced expiration. The 

decrease in pressure at the beginning of the Valsalva manoeuvre 

(Figure D Appendix E) has been attributed to a decrease in 

cardiac output (Gorlin et al, 1957; Judson et al,~ 1955; Price et 

al, 1953) as a result of pressure increases within'the thorax and 

the . abdo::nen. (Sharpey-Schaefer, 1965). A striking part of the 

pressure response to the Valsalva manoeuvre is a .. -larg.e decrease 
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in pulse pressure (Korner et al, 1976). This is thought to 

reflect a decrease in stroke volume (Zema et al, 1980). 

Kawakani and associates (1967) did not report a decrease 

in pulse pressure during simple breath-hold or breath-hold facial 

immersion. In the same study cardiac index was ~easured over a 5 

s period within the first· 15 s of the manoeuvres. Values were 

..only lower than normal resting levels during breath-hold facial 

·.immersion. As well, these decreases could-be accounted for by 

simultaneous changes in heart-rate. 

In the invasive trials, decreases in blood pressure 

during the breath-hold manoeuvres generally involved both 

systolic and· diastolic blood pressure. In 7 of 8 resting racial 

i..'1l.mersions and 5 of 8 exercise facial :i.rfu'1lersions, the pulse 

pressure was decreased. In all but one facial immersion 

(resting) these diminished pulse pressures were associated with 

a decrease or no change in heart rate. The muscle pump and 

. higher levels .. of sympathetic and venanotor tone present during 

the exercise trials, may have assisted in the maintenance of 

venous return and therefore of stroke volume. Alternatively, 

that pulse pressure did not decrease during three of the exercise 

trials may have been the result of SL'1l.ultaneous decreases in 

heart rate. 

The gradual climb in arterial blood pressure which 

follows (Heistad et al, 1968; Kawakami et al, 1967) may be-----!­

partially explained as a vasanotor reflex initiated through 
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che:noreceptor stimulation. He is tad and co-workers (1968) 

demonstrated the role of temperature receptor stimulation in the 

secondary increases in pressure. Both the degree of peripheral 

vasoconstriction and the strength of the mean arterial pressure 

response were increased with :the arlditiorL:OL fac.ial -~'IL.ersio.n. in~~-- ~-·~=u-..:~.;;,;~..;.s.~c..:.• 

0 0
20 to 25 C water to breath-hold. 

The baroreceptor may be involved in this peripheral vaso­

constriction initially in response to any decrease in mean 

arterial or·pulse pressure·. ·However, sustained vasoconstriction 

occurs despite elevated pressure levels. Direct measures showed 

increases in :nean arterial pressure of 27 ± 4 mmHg .during the 

·resting :facial·- immersions and of 35 ± 5 mmHg during the exercise 

trials. As well, pulse pressure increased after the initial 

decrease. Levels reached (1 of 8 exercise facial ~ersions and 

4 of 8 resting facial immersions) or exceeded pretest levels. 

These changes in pulse pressure are not necessarily the result of 

increases in Venous return with the increased levels of vaso;notor 

tone• Again, they may reflect increases in stroke volume with 

the diving bradycardia. In addition, increases in sympathetic 

tone (Finley et al, 1979) may be involved through increases in 

cardiac contractility. 

Finally, it is of interest that mean arterial pressure 

reached levels during the recovery period of the majority of the 

invasive -breath-hold facial i:nmersion trials (both . rest and 

exercise conditions) ·that were higher than those recorded before 
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or during the manoeuvres (Figures E, F 'it G Appendix E). The 

study of a si:nilar blood pressure response post-release _of the 

Valsalva manoeuvre led researchers to believe that this results 

from an increase in venous return at a point where vasomotor tone 

is still above resting levels (Stone et al, 1965). 

That diving bradycardia is a baroreceptor mediated 

response to increases in blood pressure has been considered in 

two previous studies. Heistad et al {1968) used decreases in 

hear-t rate during breath-hold facial im.rn.ersi,~n that occurred 

separate of an increase in blood pressure to argue against the 

role of the baroreceptor. Finley and co-workers (1979) reported 

that diving bradycar_dia-__was ~t~significantly affected by the use 

of an alpha or a beta blocking agent. The elimination of blood 

pressure responses by the sympathetic blocking agents in these 

trials was supported through cuff measures of systolic blood 

pressure. 

The direct measures were used to examine the relationship 

between increase_s in blood pressure and any si:nultaneous 

decreases in heart rate during breath-hold facial immersion 

(Methods Appendix E). The results suggest thaty in support of 

the conclusions made by Finley _et al (1979) and by Heistad et al 

(1968), the arterial baroreceptors did not play a major role in 

the production of diving bradycardia. In agreement, responders 

and non-responders to breath-hold facial immersion did not demon­

strate differences in the heart rate and blood pressure responses 
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to forced expiration in the present study. 

Differences were found between the responder_s and 

non-responders in the systolic and diastolic blood pressure 

responses to isometric exercise. One possible explanation for 

the systolic response pattern~ found in the present study (Figure 

8)- is that the responders are more barosensitive and, therefore, 

better able to· maintain arterial blood pressure at resting 

_levels. Diastolic blood pressure responses (Figure 9) suggest 

~that this was achieved _ through petipheral vasodilatation ,.upon 

release. However, stretches of time without blood pressure 

·measures (Appendix D) and -the collapsing -of data over trials 

makes it difficult to . make strong --sta-t:-e3'1-eftt::S • · about 

barosensitivity from the noninvasive findings. The group 

differences found with the direct measures (Figures B S. C 

Appendix E) contradict the noninvasive findings. This may sL~ply 

reflect the-vide within group variability in the blood pressure 

responses (Appendix C) and the small nuuber of subjects 

represented by the invasive data. 

In the case that the responders and non-responders did 

differ in baroreceptor sensitivity, similar heart rate and blood 

pressure responses to the Valsalva manoeuvre in the two groups 

may be explained two ways. First, the blood pressure 

responses and therefore the degree of baroreceptor stimulation 

-··may not have been strong enough during the recovery phase of the 

Valsalva ·manoeuvre. Previous- research (Palmero et al, 1981) 
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showing the Valsalva manoeuvre to be a reliable index of barosen­

si tivi ty used a shorter, more intense manoeuvre and achieved 

.higher levels of systolic blood pressure overshoot post-release 

(ie. 60. 8±4. 2 vs 33 ±8 m-:nHg -- direct -:neasures). However, the 

mean arterial blood .pressure responses during iso:netric exercise 

.(systolic 43 ±2, -diastolic 43±2 mmHg --indirect measures) and 

during the recovery phase of the Valsalva manoeuvre (mean 

arterial- pres.sure 35 ± 7 mmHg -- direct measures) were sirnilar in 

~this study. · As wel-l, pulse pressure levels fr:om 11 to 45 mmHg 

above pretest levels were recorded post-release of the Valsalva 

manoeuvre. Sec.~the .group differences in the response to blood 

pressure increases -:nay be specific to the vas.o:notor effector 

mechanism. Different manoeuvres used to increase the blood 

pressure may call upon different mechanis:ns to return the blood 

pressure to pretest levels. 

Direct measures did not support the theory that 

differences in vasomotor responsiveness to arterial pressure 

changes account for the different diving responses found in our 

subjects. -The decrease in mean arterial and pulse pressure at 

the initiation of the breath-hold :nanoeuvres was followed by 

increases in mean arterial blood pressure during the initial 10 s 

of most exercise trials, with no consistent difference in the 

level of response between the two groups. 

The differences between the blood pressure responses to 

isometric exerc~ise found in the responders and non-responders may 
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be unrelated to the baroreceptor. Subjects were classified based 

on their diving bradycardia response to breath-hold facial 

~- im:nersion perfonned ·· during dyncrnic exercise. ·· Research has 

suggested that the cardiodepressor effect of baroreceptor st~u-

lation is reduced (heart rate )120 bpn) or eliminated (heart rate 

~-150. bp;n) during_-:_ dynamic exercise (Bristow et al, 1971). 

·Decreases.in the sensitivity-of this reflex have also been demon­

strated during isometric exercise (Cunningh~ et al, 1972) • 

....... ·.· 
~ 
--'~~~-. .-, ~..,...... . However,.. this change in·. ·cardiodepressor activity is limited to '" ,, 

the first 10 s of baroreceptor stimulation and is compensated for 

by :nore pronounced .vasomotor .responses (Ludbrook et al, 1978). 

As- well; Table· B ·(Appendix E) :suggests that the baroreceptor does 

not play a major role- in the heart rate responses to breath-hold 

facial i~:nersions perforned during exercise. If this were the 

case, any connection between the blood -pressure responses to 

isometric handgrip exercise and the heart rate responses to 

breath-hold facial immersion during dynamic ~rse would point 

to the existence of another mechanism which is common to both 

tests • 

Increases in the level of central command (Freychuss; 

Goodwin et al in Perez-Gonzalez, .1981) and chemoreceptor sti1uula­

tion of small sensory afferent fibers within the muscle (Rowell 

et al, 1981) are thought to be primarily responsible for the 

pressor response. to isometric exercise. Any influence of the 

absolute.tension level. produced or of the duration of the 

http:Decreases.in
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exercise trials on the blood pressure responses recorded during 

this experL~ent were covaried out of the group comparison. 

Those subjects .who demonstrated a strong heart rate 

response to breath-hold facial immersion performed during 

exercise were not necessarily strong responders to the same 

manoeuvre performed during rest. This suggests that -different 

mechanisms are involved :in the diving bradycardia found in these 

two conditions. Direct measures showed that the levels of 

increase: in, mean arterial and. pulse pressure were higher in the 

exercise trials• In addition, there was a tendency for fewer 

exercise trials (5 versus 7) to demonstrate an initial decrease 

in pulse pressure and for more exercise trials (7 versus 4) to 

involve increases in pulse pressure above resting levels. The 

levels of pulse_ _.Eressure may reflect changes in end-diastolic 
-~--~-.-

volume. On the other hand, levels of baroreceptor sensitivity 

may be reduced during the levels of dynamic exercise used in this 

experiment (Bristow et al, 1971). Therefore, the level of 

involvement of the arterial aqd cardiopulmonary baroreceptors in 

the heart rate response to breath-hold facial imnersion may be 

different during rest and exercise conditions. 

5.5 Summary and Conclusions 

Two previous investigations examined the role of the 

baroreceptor in diving bradycardia. The first (Heistad ~ 

al, 1968) reported that decreases in heart . rate during 
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breath-hold facial immersion were not always preceded by 

increases _in blood pressure. This is not surprising as the role 

of both chemical and temperature receptor stimulation in diving 

bradycardia have been well established. A more recent study 

(Finley et al, 1979) found that the level of heart _rate response 

to breath-hold facial .tnmersion during rest and exercise was not 

affected by either alpha or beta blockers. Cuff measures of 

systolic blood pressure .provided the only evidence that press.ure 

stimuli were eliminated -by these treatnents. - ­

The purpose of the present investigation was to compare 

measures of baroreceptor sensitivity in those subjects who de:non-­

strate a strong response (responders) and in those- subjects who 

show little or no response (non-responders) to breath-hold facial 

immersion performed during exercise. The heart rate and blood 

pressure responses to isometric handgrip exercise and the 

Valsalva manoeuvre -in these two groups were can pared. The only 

differences between responders and non-responders were found in 

response to isometric exercise. Responders demonst~ated a 

flatter systolic blood pressure response both during the 

isometric exercise and over a period beginning immediately before 

release through 25 s of recovery. Diastolic blood pressure 

responses were also different in the two groups. Too few dia­

stolic measures were recorded over the ~itial- 25 s of recovery 

to compare the response in the two groups. However, diastolic 

measures taken ..after this time- period suggested that this 
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pressure ~easure dropped below baseline levels in the responders 

upon release of the handgrip. These findings were not supported­

by direct measures taken in two of the six responders and in two 

of the six non-responders. 

Attempts to measure the cardiodepressor effect of 

·increases in mean arteriaL-and pulse pressure -during breath-hold 

facial immersion (both rest and exercise conditions) and during 

_the recovery fran forced expiration in the -invasive trials were 

unsuccessful. There were '"tw-O reasons for this. First, in a 

large number of the trials there were too few bloo~prcses~e~---­

measures that were both higher than those recorded before the 

:test and associated with an elongated RR interval. Second, con­

sidering only those trials with the largest nun ber of data pairs 

(blood pressure and corresponding RR interval) the correlation 

coefficients were either low or showed a wide between trial and 

between subject variability. 

.The reasons for __ certain subjects to consistently 

experience large decreases in heart rate and for other ~objects 

to show little or no change in hea"r-t rate with breath-hold facial 

L~ersion perfor.ned during exercise are not known. While direct 

measures suggested that the baroreceptor does not play an impor­

tant role in diving bradycardia, noninvasive results suggested 

that these subjects differ in the blood pressure response to iso­

metric exercise. _Direct measures in approximately six responders 

and six non-responders would be necessary in order to confirm 
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these results. It is also suggested that, with continuous traces 

of blood pressure, Valsalva :nanoeuvres performed over a s:horter 

time period and at a higher expiratory pressure would provide a 

better :neasure of barosensitivity. The use of responders and non­

respond~-rs remains~ an intexesJ:-ing._ way -to exa:nine mechanis;ns in­

volved in diving bradycardia. 



BIBLIOGRAPHY 


Abboud, F.M., A.L. Mark and M.D. Thames. Modulation of the 

somatic reflex by carotid baroreceptors and by cardiopul­

mcnary afferents in animals and in humans. Circ. 

Res. (Suppl. I) 48(6):1-131- I-137, 1981. 

Andersen, H. Physiological adaptations in diving vertebrates. 

Physiol. Rev. 46:212-243, 1966. 

Angell-James, J.E. and M. deB. Daly. The reflex vasomotor 

responses to separate and combined stimulation of the 

carotid sinus and aortic arch baroreceptors by pulsatile 

and non-pulsatile pressures in a dog. J, Physiol. (Lond) 

209(2): 257-293, 1970. 

Angell-James, J.E. and M. deB. Daly. Cardiovascular responses 

in apnoeic asphyxia: role of arterial chem.oreceptors and 

the modification of their effects by a pulmonary vagal 

inflation reflex. J, Physiol. (Lond) 201(1): 87-104, 

1969. 

Asmussen, E. Similarities and dissimilarities between static 

and dynamic exercise. Circ. Res. (Suppl. I) 48(6): I-3­

I-10, 1981. 

Asmussen, E. and N.-G. Kristiansen. The "diving bradycardia" in 

exercising man. Acta. Physiol. Scand. 73(4): 527-535, 

1968. 

Astrand, P. o. and K. Rodahl. Textbook of Work Physiology, 2nd 

109 


0 



110 

edition. New York:McGraw-Hill Book Co., 1977, 

pp.l43-205. 

Bevegard, B.S. and J.T. Shepherd. Circulatory effects of 

stL~ulating the carotid arterial stretch receptors in man 

at rest and during exercise. J. Clin. Invest. 45(1):132­

142, 1966. 

Bezucha, G.R., M.C. Lenser, P.G. Hanson and F.J. Nagle. 

Comparison of hemodynamic responses to static and dynamic 

exercise. J. Appl. Physiol. 53(6):1589-1593, 1982. 

Billman, G.E., D.T. Dickey, K.K. Teoh and H.L. Stone. Effects 

of central venous blood· volume shifts on arterial bare­

reflex control of heart rate. Am. J. Physiol. 241(10): 

H571-H575, 1981. 

Braunwald, E. On the difference between the heart's output and 

its contractile state (editorial). Circulation 43(2): 

171-174, 1971. 

Brick, 	 I. Circulatory responses to ~ersing the face in water. 

J. Appl. Physiol. 21(1):33-36, 1966. 

Bristow, J.D., E.B. Brown, D.J.C. Cunningham, M.G. Howson, E.S. 

Petersen, T.G. Pickering and P. Sleight. Effect of 

bicycling on the baroreflex regulation of pulse interval. 

Circ. Res. 28(5):582-592, 1971. 

Bronk, 	D.W. and G. Stella. The response to steady pressures of 

single end organs in the isolated carotid sinus. Am. J. 

Physiol. 110(3):708-714, 1934. 



111 

Bronk, 	 D.W. and G. Stella. Afferent mechanisms in the carotid 

sinus nerve. I. The relation of the discharge from 

single end organs to arterial blood pressure. J. Cell. 

Camp. Physiol. 113-130, 1932. 

Brown, 	 A.M. Receptors under pressure - an update on barorecep­

tors. Circ. Res. 46(1):1-10, 1980. 

Brown, 	 A.M. Cardiac reflexes. In: The Handbook of Physiology­

The Cardiovascular Syste:n I, R.M•.Berne, N. Sperelakis 

and S.R. Geiger (Eds). Baltimore: The Willi~s and 

Wilkins Co.J 1979, PP· 677-689. 

Brown, 	 A.M., W.R. Saun and S. Yasui. Baroreceptor dynamics and 

their relationship to afferent fiber type and hyperten­

sion. Circ. Res. 42(5):694-802, 1978. 

Brown, A.M., W.R. Saun and F.H. Tuley. A comparison of aortic 

baroreceptor discharge in normotensive and spontaneously 

hypertensive rats. Circ. Res. 39(4):488-496, 1976. 

Carswell, F., R. Hainsworth and J.R. Ledso~e. The effects of 

distension of the pulmonary vein-atrial junction upon 

peripheral vascular resistance. J.Physiol. (Lond) 207(1): 

1-14, 1970. 

Chen, R.Y.Z., R.s. Matteo, Foun-Chung Fan, G.B. Scheussler and 

s. Chein. Resetting of baroreflex sensitivity after in­

duced hypotension. Anesthesiology 56(1):29-35, 1982. 

Coleridge, 	H.M., J.C.G. Coleridge, M.P. Kaufman and A. Dangel. 

Operational sensitivity and acute resetting of aortic 



112 

baroreceptors in dogs. Circ. Res. 48(5):676-684, 1981. 

Coleridge, J.C.G. and H.M. Coleridge. Chemoreflex regulation of 

the heart. In: The Handbook of Physiology The Cardio­

vascular System I, R.M.Berne, N. Sperelakis and s. R. 

Geiger (Eds). Baltimore: The Williams and Wilkins Co., 

1979, pp. 653-676. 

Conway, J., N. Boon, J.V. Jones and P. Sleight. The responses 

to pressor agents in man are affected by the sensitivity 

of the baroreceptor reflex. Br. J. Pharmac. 74(4):949P­

950P, 1981.-

Copen, D.L., D.P. Cirillo and M. Vassalle. Tachycardia following 

vagal stimulation. Am. J. Physiol. 215(3):696-703, 1968. 

Cox, R.H. and R.J. Bagshaw. Effects of pulsations on carotid 

sinus control of regional arterial hemodynamics. Am. J. 

Physiol. 238(2):H182-Hl90, 1980. 

Cunningham, D.J.C., E.S. Petersen, R.Peto, T.G. Pickering and 

P. Sleight. Canparison of the effects of different types 

of exercise on baroreflex regulation of heart rate. Acta 

Physiol. Scand. 86(4):444-455, 1972. 

Daly, M. deB. and J.E. Angell-James. The 'diving response' and 

its possible clinical implications. Intern. Med. 1(2): 

12-19, 1979. 

Daly, 	M. deB. and A. Ungar. Comparison of the reflex responses 

elicited by stimulation of the separately perfused 

carotid and aortic body chemoreceptors in the dog. J. 



113 

Physiol. (Lond) 182(2):379-403, 1966. 

Dorward, P.K., M.C. Andersen, S.L. Burke, J.R. Oliver and p.r. 

Korner. Rapid resetting of the aortic baroreceptors in 

the rabbit and its implications for short term and longer 

term reflex control. Circ. Res. 50(3):428-439,1982. 

Downing, S.E. Baroreceptor regulation of the heart In: The 

Handbook of Physiology - The Cardiovascular System ·r, 

R.M. Berne, N. Sperelakis and . S.R. Geiger (Eds). 

Baltimore: The Williams and Wilkins Co., 1979, pp. 

621-652. 

Ead, 	 H.W., J.H. Green and E. Neil. A comparison of the effects 

of pulsatile and non-pulsatile blood flow through the 

carotid sinus on the reflexogenic activity of the sinus 

baroreceptors in cats. J. Physiol. (Lond) 118(4): 509­

519, 1952. 

Eckberg, D.L. Nonlinearities of the hunan carotid 

baroreceptor-cardiac reflex. Circ. Res.------ ­ 47(2): 

2 0 8-21 6 , 1 9 8 0 • 

Eckberg, D.L. and C.R. Orshan. Respiratory and baroreceptor 

reflex interactions in man. J. Clin. Invest. 59:780-785, 

1977. 

Ed is, A.J. Aortic baroreflex function in the dog. kn. J. 

Physiol. 221(5):1352-1357, 1971. 

Eyzaguirre, c. and s.w. Kuffler. Processes of excitation in the 

dendrites and in the sona of single isolated sensory 



114 

nerve 	cells of the lobster and crayfish. J, Gen. Physiol. 

39(1):87-119, 1955. 

Finley, J.P., J.F. Bonet and M.B. Waxman. Autonomic pathways 

responsible for bradycardia on facial im~ersion. J. 

Appl. Physiol. 47(6):1218-1222, 1979. 

Folinsbee, L. Cardiovascular response to apneic immersion in 

cool 	 and warm water. J, Appl. Physiol. 36(2):226-232, 

1974. 

Freund, P.R., L.B. Rowell, T.M. Murphy, S.F. Hobbs and S.H. 

Butler. Blockade of the pressor response to muscle 

ischemia by sensory nerve block in man. 1m. J. Physiol. 

237(4):H433-H439, 1979. 

Freund,P.R., S.F. Hobbs and L.B. Rowell. Cardiovascular 

responses to muscle ischemia in man dependency on 

muscle mass. J. Appl. Physiol.: Respir. Environ. 

Exercise Physiol. 45(4):762-767, 1978. 

Freychuss, U. Cardiovascular adjustments to somato::notor 

activation. Acta. Physiol. Scand. (Suppl.) 342:1-63, 

1970. 

Gebber, G.L. and D.W. Snyder. Hypothalmic control of barorecep­

tor reflexes. Am. J. Physiol. 218(1):124-131, 1970. 

Glick, 	 G. and E. Braunwald. Relative roles of the sympathetic 

and parasympathetic nervous systems in the reflex control 

of heart rate. Circ. Res. 16(4):363-375, 1965. 

Goldberg, H., E.I. Elisberg and L.N. Katz. The effects of the 



115 

Valsalva-like manoeuvre upon the circulation in normal 

individuals and patients with mitral stenosis. 

Circulation 5(1):38-47, 1952. 

Gooden, B.A., R.G. Lehman and J. Pym. Role of the face in the 

cardiovascular responses to total ~ersion. J. Aust. 

Exp. Biol. Med. Sci. 48(6):687-690, 1970. 

Goodwin, G.M., D.I. McCloskey and J.H. Mitchell. Cardiovascular 

and respiratory reponses to change.s in central command 

during isometric exercise at constant muscle tension. 

J. Physiol. .(Lond) 226(1):173-190, 1972. 

Gorlin, R., J.H. Knowles and C.F. Storey. The Valsalva 

manoeuvre as a test of cardiac function. kn. J. Med. 

22(2):197-212, 1957. 

Heistad, D.D., F.M. Abboud and J.W. Eckstein. Vasocontrictor 

response to si."'Uulated diving in man. J. Appl. Physiol. 

25(5):542-549, 1968. 

Higgins, C.B., S.F. Vatner, D. Franklin and E. Braunwald. 

Effects of experimentally produced heart failure on the 

peripheral vascular response to severe exercise in 

conscious dogs. Circ. Res. 31(2):186-194, 1972. 

Hilton, S.M. and K.M. Spyer. Central nervous regulation of 

vascular resistance. Ann. Rev. Physiol. 42:399-411,1980. 

Hong, S.K., Y.C. Lin, D.A. Lally, B.J.B. Yim, N. Kominami, P.W. 

Hong and T.Q. Moore. Alveolar gas exchange and cardio­

vascular functions during breath-holding with air. J. 



116 

Appl. Physiol. 30(4):540-547, 1971. 

Hoss~an, v., G.A. Fitzgerald and C.T. Dollery. Circadian rhythm 

of baroreflex reactivity and adrenergic vascular 

responses. Cardiovascular Res. 14(3):125-129, 1980. 

Irving, 1. Bradycardia in human divers. J. Appl. Physiol. 

18(3):489-491, 1963. 

Jewett, D.L. Activity of single efferent fibers in the cervical 

vagus nerve of the dog, with s,pecial reference to 

possible cardioinhibitory fibers. J. Physiol. (Lond) 

175(3):321-357, 1964. 

Jones, C.E., E.E. Smith and J.W. Crowell. Cardiac output and 

physiological mechanis:ns in circulatory shock. 

In: M.T.P. International Review of Science - Cardiovas­

cular Physiology A.C. Guyton and C.E. Jones (Eds). 

Baltimore: University Park Press, 1974, pp. 233-258. 

Judson, W.E., J. D. Hatcher and R.W. Wilkins. Blood pressure 

responses to the Valsalva manoeuvre in cardiac patients 

with and without congestive failure. Circulation 11(6): 

889-899, 1955. 

Katzin, D.B. and E.H. Rubenstein. Vagal control of heart rate 

during hypoxia in the cat. Proc. Soc. Exp. Biol. Med. 

147(2):551-557, 1974. 

Kawaka~i, Y., B.H. Natelson and A.B. Dubois. Cardiovascular 

effects of face ~ersion and factors affecting diving 

reflex in man. J. Appl. Physiol. 23(6):964-970, 1967. 



117 

Kezdi, 	 P. Resetting of the carotid sinus in experi~ental renal 

hypertension. In: Baroreceptors and Hypertension p. 

Kezdi (Ed) Oxford: Pergamon Press, 1967, pp. 301-306. 

Kezdi, 	 P. Control of the superior cervical ganglion of the 

state of contraction and pulsatile expansion of the 

carotid sinus arterial wall. Circ. Res. 2(4):367-371, 

1954. 

Kircheim, H.R. Systemic arterial barorecept~r reflexes. Physiol. 

Rev. 56(1):100-176, 1976. 

Kobat, 	 H. The car:dio-accelerator fibers in the vagus nerve of 

the dog. A-n.. J. Physiol. 128(2):246-257, 1939. 

Koizumi, K. and A. Sato. Influence of sympathetic innervation 

on carotid sinus baroreceptor activity. Am. J. Physiol. 

216(2):321-329, 1969. 

Korner, P.r. Central nervous control of autonomic cardiovascu­

lar function. In: The Handbook of Physiology - The 

Cardiovascular System I, R.M. Berne, N. Sperelakis and 

S. R. Geiger (Eds). Baltimore: The Willia~s and 

Wilkins Co., 1979, pp. 691-739. 

Korner, P.r., A.M. Tonkin and J.B. Uther. Reflex and mechanical 

circulatory effects of graded Valsalva manoeuvres in 

normal man. J. Appl. Physiol. 40(3):434-440, 1976. 

Korner, P.r., J. Shaw, M.J. West and J. R. Oliver. Central 

nervous system control of baroreceptor reflexes in the 

rabbit. Circ. Res. 31(5):637-652, 1972. 



118 

Koushanpour, E. and J.P. McGee. Effect of mean pressure on 

carotid sinus baroreceptor response to pulsatile 

pressure. kn. J. Physiol. 216(3):599-603, 1969. 

Krauhs, J.M. Structure of rat aortic baroreceptors and their 

relationship to connective tissue. J. Neurocytol. 8:401­

414, 1979. 

Landgren, s. On the excitation mechani~ of the carotid bare­

receptors~ Acta. Physiol. Scand. 26(1):1-34~ 1952. 

Lee, G. deJ., N.B. Mathews and E.P. Sharpey-Schaefer. The 

effect of -the Valsalva manoeuvre on the systeuic and 

pulmonary arterial pressure in man. Brit. Heart J. 

16(3):311-316, 1954. 

Levy, M.N. and P.J. Martin. Neural control of the heart. In: 

The Handbook of Physiology - The Cardiovascular System I, 

R.M. Berne, N. Sperelakis and S.R. Geiger (Eds). 

Baltimore: The Willi~s and Wilkins Co., 1979, pp. 

581-620. 

Levy, M.N. and B. Blattberg. Effect of vagal stimulation on the 

overflow of norepinephrine into the coronary sinus during 

cardiac sympathetic nerve stimulation in the dog. Circ. 

Res. 38(2):81-85, 1976. 

Levy, M.N. Sympathetic-parasympathetic interactions in the 

heart. Circ. Res. 29(5):437-445, 1971. 

Levy, M.N. and H. Zieske. Autonomic control of cardiac pace­

:naker activity and atrioventricular transmission. 



119 

J. Appl. Physiol. 27(4):465-470, 1969. 

Lind, 	 A.R., S.H. Taylor, P.W. Hunphreys, B.M. Kennelly and K. W. 

Donald. The circulatory effects of sustained voluntary 

muscle contraction. Clin. Sci. 27(2):229-244, 1964. 

Linden, R.J. Function of cardiac receptors. Circulation 

48(3):463-480, 1973. 

Lisander, B. and J. Martner. Interaction between the fastigial 

pressor response and the barorece.ptor reflex. Acta. 

Physiol. Scand. 83(4):505-514, 1971. 

Ludbrook, J., I.B. -Faris and G.G. Jamieson. Blood volume and 

the carotid baroreceptor reflex in conscious rabbits. 

Clin. Sci. (Suppl. 7) 61:173s-175s, 1981. 

Ludbrook, J., I.B. Faris, J. lannos, G.G. Jamieson and W.J. 

Russell. Lack of effect of is0c11etric handgrip exercise 

on the responses of the carotid sinus baroreceptor reflex 

in man. Clin. Sci. Mol. Med. 55(2):189-194., 1978. 

MacDougall, J.D., H.A. Wenger and H.J. Green. Physiological 

Testing of the Elite Athlete. Canadian Association of 

Sports Sciences and The Sports Medicine Council of 

Canada, 1982. 

Mancia, 	 G., A. Ferrari, L. Gregorini, G. Parati, M.C. Ferrari, 

G. Pomidossi and A. Zanchetti. Control of blood 

pressure by carotid sinus baroreceptors in hunan beings. 

k.n. J. Cardiel. 44(4):895-902, 1979. 

Melcher, A. and D. E. Donald. Maintained ability of carotid 



120 

baroreflex to regulate arterial pressure during exercise. 

Am. J. Physiol. 241(10):H838-H849, 1981. 

Mitchell, J.H., B. Schibye, F.C. Payne and B. Saltin. 

of arterial blood pressure to static exercise in relation 

to ~uscle mass, force development, and electromyographic 

activity. Circ. Res. (Suppl. I) 48(6):I-70- I-75, 1981. 

Mitchell, J. H., F. c. Payne, B. Saltin and B. Schibye. ·The 

role of muscle mass in the cardioyascular response to 

static contraction. J. Physiol. (Lond) 309:45-54~ 1980. 

Moore, 	 T.O., R. Elsner, Y.C. Lin, D.A. Lally and S.K. Hong. 

Effects of alveolar PO and PCO on apneic bardycardia in 

man. J. Appl. Physiol. 34(6):795-798, 1973. 

Nutter, D.O. and c.w. Wickliffe. Regional vasomotor responses 

to the somatopressor reflex from muscle. Circ. Res. 

(Suppl. I) 48(6): I-98- I-103, 1981. 

Ogawa, 	 J., s. Arai, s. Takata, I. Ikeda, T. Takabatake, N. 

Hattori and G. Nomura. Daily profile of baroreflex sen­

sitivity and the variability of blood pressure in 

essential hyerptensive patients. Clin. Sci. (Suppl. 7) 

61:157s-159s, 1981. 

Oldridge, N.B., G. J. F. Heigenhauser, J. R. Sutton and N. L. 

Jones. Resting and exercise heart rate with apnea and 

facial ~mersion in fe~ale swimmers. J. Appl. Physiol. 

45(6):875-879, 1978. 

Palmero, H. A., T.F. Caeiro, D. J. Iosa and J. Bas. Barorecep­



121 

tor reflex sensitivity index derived from phase 4 of the 

Valsalva manoeuvre. Hypertension (Suppl. II) 3(6):II-134 

- II-137, 1981. 

Pa rm ley , W. '~ . and L. Ta 1bot . Heart as a punp. In: The 

Handbook of Physiology The Cardiovascular System I, 
--------------~----~~-------------

R.M. Berne, N. Sperelakis and S. R. Geiger (Eds). 

Baltimore: The Williams and Wilkins Co., 1979, ·PP· 

429-460. 

Paulev, P.E. C~rdiac rhythm during breath-holding and water 

immersion in man. Act·a. Physiol. Scand. 73(1-2 ): 139­

150, 1968. 

Pelletier, C.L. and J.T. Shepherd. Circulatory reflexes from 

mechanoreceptors in the cardia-aortic area. Circ. 

Res. 33(2):131-138, 1973. 

Pelletier, C.L., D.L. Clement and J.T. Shepherd. A ccxnparison 

of afferent activity of canine aortic sinus nerves. 

Circ. Res. 31(4):557-568, 1972. 

Perez-Gonzalez, J.F. Factors determining the blood pressure 

responses to isometric exercise. Circ. Res. (Suppl. I) 

48(6):I-76- I-86, 1981. 

Price, H.L. and E. H. Conner. Certain aspects of the 

hemodyn&~ic response to the Valsalva manoeuvre. J. Appl. 

Physiol. 5(8):449-456, 1953. 

Robinson, 	 B.F., S.E. Epstein, G.D. Beiser and E. Braunwald. 

Control of heart rate by the autonomic nervous syste~. 



122 

Studies in ~an on the interrelation between baroreceptor 

mechanisns and exercise. Circ. Res. 19(2):400-411, 1966. 

Ross, J., J.'i~. Linhart and E. Braunwald. Effects of changing 

heart rate in man by electrical sti~ulation of the right 

atriun. Studies at rest, during exercise~ and with 

isoproterenol. Circulation 32(4):549-558, 1965. 

Rowell, L.B., P.R. Freund and S.F. Hobbs. Cardiovascular 

responses· to muscle ische~ia in .hunans. Circ. Res. 

(Suppl. I) 48(6):1-37- I-47, 1981. 

Sarnoff, S .J., E. Hardenbergh and J. L. Whi ttenberger. Mechanis;n 

of the arterial pressure response to the Valsalva test; 

the basis for its use as an indicator of the intactness 

of the sympathetic outflow. kn. J. Physiol. 154(2):316­

32 7, 194 8. 

Schnidt, R.M., M. Ku~ada and K. Sagawa. Cardiovascular responses 

to various pulsatile pressures in the carotid sinus. 

A~. J. Physiol. 223(1):1-7, 1972. 

Sepe, F.I., M.R. Magnusson and H.O. Stinnett. Modulation of 

rabbit carotid baroreflex during positive end-expiratory 

pressure. kn. J. Phys iol. 2 42( 11): H4 70-H4 76, 1982. 

Sharpey-Schaefer, E.P. Effects of respiratory acts on the 

circulation. In: The Handbook of Physiology - Circula­

tion III, P. Dow and W.F. Hamilton (Eds). Baltimore: The 

Williams and Wilkins Co., 1965, pp. 1875-1886. 

Sharratt, M.T. and M.A. Bruce. Hyperventilation accryupanying 



123 

prolonged static contraction. In: Exercise in Health and 

Disease, F.J. Nagle and H.J. Monteye (Eds). Springfield: 

The C.C. Thomas Co., 1981, pp. 21-35. 

Smith, 	 J.J. and J.P. Kampine. Circulatory Physiology - The 

Essentials. Baltimore: The Williams and Wilkins Co., 

1980, pp. 82-253. 

Smith, 	D., A. Guyton, R. Manning and R. White. Integrated 

mechanisms of caridovascular response and control during 

exercise in the normal human. Frog. Cardiovasc. Dis. 

18(6):421-443, 1976. 

Smyth, 	 H.S., D.Phil, P. Sleight and G.W. Pickering. Reflex 

regulation of arterial pressure during sleep in man. 

Circ. Res. 24(1):109-121,1969. 

Spickler, J.W. and P. Kezdi. Probability of spike summations in 

baroreceptor electroneurograms. J. Appl. Physiol. 

(Suppl.I) 27(6):919-922, 1969. 

Stegemann, J. and u. Tibes. Sinusoidal stimulation of carotid 

sinus baroreceptors and peripheral blood pressure in 

dogs. Ann. N.Y. Acad. Sci. 156(2):787-795, 1969. 

Stone, 	D.J., A.F. Lyon and A.s. Teirstein. A reappraisal of the 

circulatory effects of the Valsalva manoeuvre. Pm. J. 

Med. 39(6):923-933, 1965. 

Stromme, S.B. and A.S. Blix. Indirect evidence for arterial 

chemoreceptor reflex facilitation by facial immersion in 

man. Aviat. Space Environ. Med. 47(6):597-599, 1976. 



124 

Va tne r , S . F. , C.B. Higgins and D. Franklin. Regional 

circulatory adjustments to moderate and severe chronic 

anemia in conscious dogs at rest and during exercise. 

Circ. Res. 30(6):731-740, 1972. 

Vatner, S.F., C.B. Higgins, S. White, T. Patrick and D. 

Franklin. The peripheral vascular response to severe 

exercise in untethered dogs before and after compl~te 

heart block. J. Clin. Invest. 50(9).:1950-1960, 1971. 

Whayne, T.F. and T. Killip. Si:nulated diving in man: compari­

son of facial stimuli and response in arrhythmia. J. 

Appl. Physiol. 22(4): 800-807, 1967. 

Zema, M.J., B. Restivo, T. Sos, K.W. Sniderman and S. Kline. 

Left ventricular dysfunction bedside Valsalva 

manoeuvre. Br. Heart J. 44( 5): 560-569, 1980. 



125 

APPENDIX 'A' 



% of pre. immersion HR Exercise 
0 '·• 

Response 

- Non· Responders
8 iUf tS

110 
Ql 0 

00 0 ~ 
0 

d! 

0 

6 9 12 15 18 21 24 

Time (sees) 

Changes in Heart Rate Shown as Percentages of Pre-Immersion Values and 
Plotted over the Ouration of Exercise Facial Immersion for Each Trial 
of Each Non- Responder. 



% of pre· immersion HE-1 	 Exercise 

Response 


J 	
- Responders

i. 

X l
)( 

)( X 
)( * 
~ 

)(~ I . ~ 
l( 

X 
 * 	 ~ l( 

X:.'l()( 
.)( 

1("' 
)r. X 

Ol I I I I I I I I I I I I I I I I I 
3 6 	 12 15 18 21 24 27 

Time (sees) 

Changes in Heart Rate Shown as Percentages of Pre-Immersion Values and 
Plotted over the Duration of Exercise Facial Immersion for Each Trial 
of Each Responder. 



% of pre. immersion HR 	 Exercise 

Response 

-Weak Responders..] . .....::. ~. 
•:! ":;... . 

.. 
.: 

Ql I I I I I I I I I I I I I I I I 

3 6 9 12 15 18 21 24 27 

Time (sees) 

Changes in lleart Rate Shown as Percentages of Pre-Immersion Values and 
Plotted over the Duration of Exercise Facial Immersion for Each Trial 
of Each w.el\k Responder. 



129 

APPENDIX 'B' 




C 0 N S E N T F 0 R M 

Heart Rate a~d Blood Pressure Chances durino Restino Facial "Immersion, Facial 
Immersion CombineC with Exercise, Forced Expiration and Isome~ric Exercise. 

I, , consent to take part in a 
student project that will examine the effects of facial immersion during 
rest and moderate exercise, forced expiration and isometric exercise vith 
a handgrip qynamometer on my heart rate and blooe pressure. 'l'be purpose 
of the study is to compare the relationship between heart rate and blood 
pressure ~n those people who. demonstrate a strong heart rate response and 
those who demonstrate a weak heart response to exercise facial i.Jmoersion. 

Gina Reid, the principal investigator, has explained to me that three 
electrodes ">ill be attached to my chest for the measurement of heart rate. 
An experienced physician will insert e fine vire 1 to 2 m:n upstreillll in an 
artery in my· arm in order to 111easure blood pressure. 

The insertion of the wire may result in slight bruising, but t.'ris should 
disap?ear in a C.ay or two. I understand that there is a very small risk 
of arterial thrombosis (clotting) anC occlusion. This risk is ninimized 
by t:~e sho=t duration of ~'1e study anC the use cf an anti-clotting a9ent, 
herap~:J.. 

I understanC. that I can withdraw frorr, this· study at. any time, e,;e.n a....of=.ter 
signing this form. 

!lam~ (print) Signature Date. 

Ki tness (print) Signature Date 

I have explainec the nat=e of the stuey to the subject and believe be/she 
has understood it. 

Name (print) Signature Date 
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ISOKETRlC EXERCISE - NONL~VASl\''!: STUDY 

Slopes and intercepts for the regressio~ lines vhich 
describe the systolic blood pressurt response 

Duration of the 
isometric trial 

Slope Intercept 

Immediately before 
release through 2!>s 

Slope lnt:ercep: 

26 to 55 • 
pan-release 

Slope Intercept: 

1.031 4.l.SB .878 -42.102 - -144 16-043 
. 809 8.074 - .)33 44.333 - -
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.559 7.453 .563 - 19.875 - -128 16.779 
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-282 5.293 - .426 23.246 .036 - 1.031 
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Non..:Responder s 

.975 5.oss 

.743 - 6.006 
1.100 - 5-856 

.890 3-284 
1.027 5.432 

.946 .938 

- 2.250 138.250 
- .soo 16.000 
- l.-145 84.565 

10.000 - 550.667 - .138 15.207 
- .554 43.237 

-1.453 129.430 
.435 - 37 .41) 
- -- .327 30.097 

.300 - 17.700 

.316 - 22.582 

licak 

Responders 

.728 21.159 
1.059 - 2.002 

.374 - 4.854 

.397 18.232 
• 523 12.798 

1.956 - . 61o8 
1.140 16. 186 

.639 3. 31o0 

.775 6.588 

. 790 6. 684 
- .633 26.156 

. 729 5-629 

. 462 .10-215 

.175 13.135 

.909 17 .125 
l. 1.55 6.523 

.767 16.0~7 

- -014 .479 
-5.214 102.762 

1.164 3.698 
1.566 6. 304 
.no 5-765 

1.313 11-719 
.890 10.203 
.715 11.792 
.219 8.779 
.660 8-514 

- . 211 29.105 
- l.lo13 93.109 
- l. 625 78.750 
- .507 45.214 

.931 - 38.052 
- 1.633 132.715 
- l. 931 136.615 
- l. 66 7 98.333 
- 1-071 81.35 7 
- 1.167 79.500 
- 7.ooo 425.000 
- 1.436 91.392 
- .731 51.654 
- .393 33.236 
- 1. 91o6 129.859 
- 1.679 126.330 
- ·385 l/.679 
- .750 45.800 
-34.500 1930.500 
- l-792 115.71.7 

2-250 - 125.917 
- 1.267 88.786 
- .730 90.697 
- 1.307 99.206 
- 1.130 81.767 
- .579 33.368 
- 1. 320 87.415 

- .250 27 .soo 
.333 - 27 .ooo 

- .394 17.346 
.248 - 14.208 

- .311 22.802 
-172 1.699 

- .185 27.395 
.161 - 15.649 
.333 - s•.ooo 

- .405 31o.856 
- -

.234 - 11.681 

.216 - 5.744 
- .344 33.973 
- .283 32.380 - .113 30-082 

1.000 - 84 .ooo 
- .003 3-269 

-055 - 3. 715 - .201 26.263 
-1.654 166.692 
- .on 8.570 

.505 - 15.280 
- .276 36.207 
- .045 13-127 

-258 - 13.028 
.527 - 33.810 



ISOMETRIC EXERCISE • NOnNVASI\IE STUDY 

Slopes and intercepts for the regresoion lines vhich 
describe the diastolic blooe pressure response 

Duration of the 
i some tr ic trial 

Slope Intercept 

Immediately before 
release through 25• 

Slope Intercept 

26 to 55 s 
post-rool.,ase 

Slope lntereept 

.084 22.927 - 1.209 70.837 - .455 40.692 

.971 1.445 - - l-916 -164.143 
Responders .930 13.510 - 7.667 475.333 .127 - 10.438 

.899 5.549 - - 1. 750 -139.167 

.467 2. 788 1.000 - 66.000 2.333 -211.667 

.424 4.912 - - - .046 1.682 

Non Responders 

I 

--
-
-
-

. 064 19.705 

.597 31.868 

.756 64.509 

.296 36.721 

.270 31.749 

.407 38.4'80 

-55.000 . :no5.ooo 
2.889 - 198.000 
- -

- .934 69-265 
- -
- -

-139 - 6.810 
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- .414 29.753 

- .025 5.727. 
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-

.936 21.663 

.180 8.068 
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.232 27. 83 7 

.425 18. 808 
1.476 - 5.114 

.803 24.451 
• 461 11.959 
.597 15.890 
.998 - 10.868 

1.333 84.000 

- 2.439 148.339 
- -- 1.379 78.353 
- -- 1.535 95.192 

- 2.741 172.li<8 
- -- -
- -
- -- -

• 638 - 55-514 
- -

-.368 29.526 
1.990 -157-551 

.074 - 7.361 
- .380 20.045 
...... 571 318.571 

.341 - 25.050 
-3.577 263.731 
- .164 8.366 

3-154 -253.615 
weak .302 9.093 - 1.385 71.71o6 .076 - 9-594 
Responders .533 30.231 

.302 9.137 

.506 30.880 
l. 241 2.051 

. 4 94 14.272 

.122 17.757 
s. 750 - 101.833 

.601 21.263 

. 793 9.425 

.268 15.7~9 

.133 17.919 

.580 12.389 

.107 17.498 

.159 19.619 

.416 12.262 

- -
- -

- 1.727 113.636 
2.929 - 191.s:n 
- -

- 1. 213 74.153 
5.500 - 339.500 

- l. 8~ 9 120.196 
- -

- 1.07~ 68.956 
- -
- -

- 1.250 74.567 
- .333 26.333 
- 1.092 65.728 

-390 - 35.733 
- .643 46.714 

l\..008 - 67.388 
1.075 - 96.315 

- .260 29-915 
- -- -

- -121 s.ooo 
- -671 49.890 
- -077 15.385 

- -
-622 - 49.568 

- -
-142 - 3.821 
-336 - 29.277 
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PRELIMINARY INVASIVE STUDY 


1. Methods 

l.l Design 

Two responders and tWo non-responders to breath-hold 

facial lirunersion participated in an invasive study. A catheter 

was placed in the brachial artery of the nondo.ninant arm for 

direct measurement of arterial blood pressure. Subjects then 

repeated two trials each of resting facial immersion, exercise 

facial L~~ersion, Valsalva manoeuvre and isometric handgrip 

exercise. The heart rate, systolic blood pressure and diastolic 

blood pressure responses to isometric exercise found in the two 

groups were canpared with the noninvasive data. Measures recorded 

during breath-hold facial immersions (both rest and exercise) and 

during recovery from the Valsalva manoeuvre were used to examine 

the responsiveness of the RR interval to changes in pulse and 

mean arterial pressure in these subjects. 

1.2 Direct measurement of arterial blood pressure (Figure A) 

The subjects involved in the invasive study were informed 

of the purpose of the study and risks involved (see Informed 

Consent Form- Appendix B). A physician then placed an Angiocath 

intra-arterial catheter l to 2 em upstream in the brachial 

artery of the subject's nondominant ar:n. The remote chance of 

arterial thrombosis was minimized through the addition of heparin 
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Figure A. The experimental setup for the direct measurenent of 
arterial blood pressure. 
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to the saline solution. 

Subjects were seated on an Elema constant workload_ cycle 

ergo:neter (Type EM 370-1, model f/314) throughout the testing 

period. The catheterized am rested on a table at sternal level. 

The pressure transducer :Bell and Howell, model #4-327-I) was 

suspended at the same height as the catheter. 

The pressure signals were amplified with a 

Hewlett-Packard carrier amplifier :model #8805A) and . then 

inscribed on a Hewlett-Packard 8 channel series recorder (model 

117700). A standard sphy~omanometer was used to calibrate the 

transducer. The pressure cuff was wrapped around the saline 

bag. Pressure changes were sustained and therefore used only in 

the calculation of diastolic measures. Cuff measures of blood 

pressure were also taken before the trials, at different points 

throughout the trials and during recovery from the trials. Since 

difficulties were encountered with critical damping of the 

system, a correction factor was applied to the actual trace 

values of pulse pressure based on cuff measures of systolic and 

diastolic blood pressure. The recorder ran at a paper speed of 

-1
10 mm.s • 

1.3 Data analysis 

The blood pressure traces recorded during the facial 

immersions and during the recovery from forced expiration were 

used to exa~ine the responsiveness of the RR interval to pressure 
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stimuli. Two regression coefficients were calculated for each 

trial for each subject. One related changes in RR interval to 

levels of pulse pressure and the other to levels of mean arterial 

pressure. The RR interval immediately preceding the first 

recovery measure included in the analysis of the Valsalva 

manoeuvre data was considered to represent the baseline level. 

All RR interval measures used in the Valsalva manoeuvre analysis 

were then entered as a change from this value. Measures used in 

the calculation of the regression coefficients from the resting 

and exercise facial immersion data represented the change from 

pretest levels. 

Pulse pressure was taken as the difference between each 

diastolic measure and the succeeding systolic pressure. The 

calculation of mean arterial pressure paired each diastolic 

pressure with the preceding systolic value. One third of the 

difference between these two measures was added to the diastolic 

pressure. Pretest measures (RR interval, mean arterial blood 

pressure and pulse pressure) were calculated as the average of 

five consecutive measures recorded 10 s before each trial. 

Each pressure measure was entered into the regression 

analysis with the second RR interval following. Regressions were 

only performed on the sections of the facial immersion traces 

where RR intervals were equal to or larger than at rest. As 

well, periods where the RR interval showed a gradual decrease or 

remained constant for more than 10 beats were excluded. -A third 
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requirement was that the blood pressure measure of interest was 

at least 5 m~Hg above the resting level. The series of measures 

used in the calculation of regression coefficients for the 

Valsalva manoeuvres began with the first elongated RR interva: 

during recovery. All pairs of blood pressure measures and 

interval from that point in the trace up to the point where blooc 

pressure had reached a peak level and then decreased by a value 

greater than 10 mmHg were included. A drop in blood pressure o: 

this size during the first 7 s was ignored if the blood pressure 

returned to within 10 mmHg of the highest value. 

Direct measures recorded during the isometric handgri? 

trials were analyzed over the first two t~e intervals used i~ 

the noninvasive trials :Table 1 p. 57). The dependent variables 

were the change in heart rate, the change in systolic blooc 

pressure and the change in diastolic blood pressure from baseline 

levels. Measures were taken from the blood pressure traces at 

eight points during the isometric exercise and after each 5 s o: 

recovery. Values for systolic blood pressure, diastolic blood 

pressure and RR interval were averaged over three consecutive 

pulse waves. The average RR interal was then converted to e 

measure of heart rate in beats per minute. Each dependen~ 

variable was again analyzed separately over each time interval 

through a repeated measures analysis of variance ~BMDP-2V). The 

orthogonal option of this statistical program was used to 

identify quadratic components of the responses over these 
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sections of the graphs. 

2. Results 

Mean values for pretest mean arterial pressure were 

104 ± 2 :resting facial im~ersion) and 100 ± 3 :forced expiration) 

mmHg. Subjects began the isometric trials with a mean systolic 

pressure of 12 6 ± 5 m:nHg and a mean diastolic blood pressure of 

88 ± 4 m..-nHg. Mean pretest heart rates recorded during rest were 

86 ± 5 (iso-uetric exercise), 80±7 :resting facial immersion) and 

84 ± 5 (forced expiration) bp:n. The steady-state exercise levels 

chosen for the noninvasive exercise breath-hold facial immersions 

brought heart rates to 128 ± 5 b.pn and mean arterial pressure to 

111 ± 3 mmHg. 

2.1 Resting breath-hold facial immersion :Table A) 

The number of data pairs from individual trials which met 

the criteria for the correlation analyses ranged from 0 to 19 

(pulse pressure) and from 0 to 22 (mean arterial pressure). 

Correlation coefficients between the degree of elevation in pulse 

pressure and the msec change in RR interval during resting 

breath-hold facial immersion were all nonsignificant. As well, 

in only 2 of 8 trials were increases in mean arterial pressure 

significantly related ~p<.05) to the increase in the second RR 

interval following. 



TABLE A 

BREATH-HOLD FACIAL IMMERSION PERFORMED DURING REST - INVASIVE STUDY 

Reg~ession and correlation coefficients for the degree of change 

in RR interval (maec) per mmHg increase in pulse pressure (A.) and per 


mml~ increase in mean arterial pressure (B.) 


I of 
data 

points 

Responden Subject 
to I 3 ~ 

breath-hold 
facial Subject 
i1111erslon , 4 0 

A 
Subject 

137 0 
Non­

lles pond 11 ra Subject 
139 15 

Subject 
, 3 4 

blpondeu 
SubJect 

, 4 12. 
B 

Subject 
131 12 

Non• 
lleapondeu Subject 

139 n 

TRIAL I 1 TRIAL , 2 

regression correlBt io-n ~fgni f icance r of regression correlation 
coefficient coefficient level data coe ff lc lent coefficient 
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2.2 	 Breath-hold facial i~~ersion performed during exercise 

(Table B) 

Between 0 and 15 (pulse pressure) or 0 and 12 (mean 

arterial pressure) data pairs were available for the correlation 

analyses. Data from 7 of 8 facial i~mersions performed during 

exercise did not d~onstrate a significant {p(.05) relationship 

between increses in pulse pressure and the response of the RR 

interval. A significant (p(.05) effect of increases in mean 

arterial pressure on the RR interval was only found in 2 of 8 

trials. 

2.3 	 Valsalva manoeuvre (Table C) 

Only 3 to 8 data points fro~ individual trails of the 

Valsalva ~anoeuvre met the criteria set for the analysis of the 

influence of pulse pressure on the RR interval (see Methods). 

Similarly, 3 to 9 data pairs were taken from the recovery trace 

for the measurement of the response of the RR interval to changes 

in mean arterial blood pressure. All correlation coefficients 

calculated from the heart rate and blood pressure responses to 

the Valsalva manoeuvre were nonsignificant. 

2.4 	 Isometric handgrip exercise 

The repeated measures analyses of variance were applied 

to the heart rate, systolic blood pressure and diastolic blood 

pressure data collected during the isometric handgrip trials. 
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VALSALVA MANOEUVRE - INVASIVE STUDY 
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Over each time interval these measures de:nonstrated a significant 

(p(.05) linear change over ti'lle. In addition, sign~ficant 

(p(.05) quadratic components were found in the change in the 

dependent variables over the recovery time period. Groups did 

not differ in the linear or quadratic components of change over 

ti:ne. 

The two responders demonstrated a greater degree of 

change in systolic blood pressure from the pretest level than the 

two non-responders at each time point excrnined during isometric 

exercise (Figure B). This was indicated through a significant 

group effect (F[l,2]=30.65, p(.05) and a nonsignificant time by 

group interaction. A stronger diastolic blood pressure response 

(group effect-- F[1,2]=64.65, p(.05); time/group interaction 

N.S.) was also found during isometric exercise in the responders 

(Figure C). A marginal group effect (F[l,2]=16.84» p(.06) and a 

nonsignificant time by group interaction suggests that with a 

larger nunber of subjects measures of change in diastolic blood 

pressure from pretest levels may be found to be higher in the 

responders over the initial 25 s of recovery. No differences 

were found between responders and non-responders in the heart 

rate response to isometric exercise. 

http:F[l,2]=16.84
http:effect--F[1,2]=64.65
http:F[l,2]=30.65
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Figure B. 	 Changes in systolic pressure (Xi:SE) during isometric 
handgrip exercise. Measures of change in systolic 
blood pressure during the isometric trials were higher 
in the responders ·than in the non-responders to 
breath-hold facial i~mersion (analysis of variance 
group effect p<. 05, ti:ne/ group interaction N. S.). 
However, recovery values were not different in the tw<? 
groups (analysis of variance group effect N.s., 
time/group interaction N.S.) and the mean levels 
plotted represent data collapsed over groups. 
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Figure c. 	 Changes in diastolic blood pressure (X ± SE) in 
response to iso~etric handgrip exercise. These values 
were higher in the responders than in the 
non-responders to br€ath-hold facial immersion during 
the isometric trials (analysis of variance -- group 
effect p<.OS, ti.rne/group interaction N.S.). A similar 
but nonsignificant trend appeared over the first 25 s 
of recovery (analysis of variance -- marginal group 
effect p<.06, time/group interaction N.S.). 
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Figure D. The brachial arterial pressure response 
expiration in subject DA (non-responder). 

to forced 

Figure E. The brachial arterial pressure response to breath­
hold facial immersion perforned during rest in subject 
DA (non-responder). 

Figure F. The brachial arterial pressure response to breath-hold 
facial L~ersion perforned during mild steady-state 
cycling in subject DM (non-responder). 

Figure G. The brachial arterial pressure response to breath-hold 
facial immersion performed during mild steady-state 
cycling in subject BL (responder). 
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