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ABSTRACT

Large inter-individual differences exist in the degree of
bradycardia induced by breath-hold facial immersion. The pﬁrpose
of this study was to examine baroreceptor sensitivity in éﬁbjeété
who exhibit a strong response and in those who exhibit a minimal
response. Thirty—niné healthy volunteers were screened with
three trials of breath-hold facial immersion during mild
steady-state cycling. The six sﬁbjecté displaying the greatest
bradycardia were selected as responders and the six showing the
least as non-responders. Baroreceptor senéitivity was estimated
in eéch subject by examination of tﬁe heart rate and blood
pressure responses to a controlled Valsalva manoeuvre and to
isometric handgrip exercise. Regreséion lines for changes in
systolic blood pressure over time showed a flatter reéponée in
the responders both during isometric handgrip exercise (p<.05)
and over the 25 s immediately follbwing release (p<.015. One
interpretation of these findings is that the non4respoﬁders are
less able to maintain a resting level of arterial blood
pressure. As well; regression lines for the change in diastolic
blood pressﬁre over the peribd 25 to 55 s post-release of
isometric Thandgrip exercise had different slopes in the two
groups (p<.05). A positive mean slope calculated for the

responders and a negative mean slope calculated for the
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non—responders; when plotted with the average intercepté;
suggested an undershoot in diastolic blood pressure upon release
in the responders. This may represent an attempt 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 preséﬁre
overshoot during the recovery phase of the Valsalva manceuvre may
not have been largé enough to demonstrate groﬁb differences in

baroreceptor sensitivity.
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CHAPTER 1

INTRODUCTION

Submersion in water results in an immediate Slowing of
heart rate and constriction of peripheral blood vessels in most
mammals (Andersen; 1966) (Figure 1la p. 2). Attanpts to under-
stand the physiological mechanisms which cause these responseé 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 importance of facial immersion to thé Quick
initiation of diving bradycardia. Moreover; the magnitude of the
heart rate response to facial ﬁmnefsion has been found teo
increase with colder water temperatures (Paulev; 1968; Whayne and
Killip, 1967). Blood gas changes reach 1levels capable of
intensifying the heart rate response between 28 s (Kawakami et
ElL 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. 4y. Breath-hold after a maxﬁnél inspiration
results in an 1increase 1in intrathoracic pressure which is
transmitted to the arterial system (Paulev; 1968). Kawakami et
al (1967) reported an initial transient decrease in blood

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



Figure la. The efferent sympathetic and parasy:npathetic‘pathwayé
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).



Figure 1b. The afferent pathways for the three mechanisas
involved in the discussion of diving bradycardia;
arterial chemoreceptors, arterial and cardiopulmonary
baroreceptors and facial temperature receptors.
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immersion. Whether this reflects a decrease in cardiac oﬁtéﬁt as
a result of the increased pressure within the chest is unknown.
Alternatively; these <changes wmay be a baroreceptorémediated
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; Kawakami et al; 1967).

Heistad et al (1968) recorded a continuous trace Showiﬁg
increases-in - both systolic and diastolic blood pressure during
facial immersion and simple breath-hold in man. The magnitudé of
the mean arterial preééure response was greater with facial
immersion than with breath-hold alone. Since the decreases in
heart rate during breath-hold facial ‘immersion did not coincide
with the increase in mean arterial pressure in each subject; the
authors concluded that bradycardia 1is 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
cbntractility; nor alpha blockers, which weaken the peripheral
vasoconstrictor response; had an effect on diving bradyéardia.
Cuff measures of systolic blood pressure taken in three subjecté
supported a decrease in; or elimination of; these sympathetic

baroreceptor stimuli - during facial immersion. The researchers



concluded that hypertension due to sjnpathetic stimulation is not
essential to the decrease in heart rate seem with facial
immersion.

The interpretation of the data collected by Finley and
associates 1s complicated. For example, circulatory adjustments
may have occurred in response to the autonomic blockade. Without
measures of diastolic Dblood pressure during the breath=hold
facial ﬁnmersions; it is not known whether increases in mean or
pulse pressure were-providing a stimulus for the baroreflex. In
addition; interactions between the syapathetic and
parasynpathetic control of the heart have been reported (Levy et
3&# 1971). Finley and associates did not discuss the possible
effects of interference with the synpéthetic 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 bradjcardia.

Reference is made in the literature to subjects who show
strong and weak responses to breath-hold facial immersion
(Gooden et al; 1970; Asmussen and Kristianson, 1968; Irving;

1963). In addition; pilot data showed a wide Trange 1in the



magnitude of the bradycardia response to facial inmersion
(Appendix A). It is therefore possible to identify a populatidn
who show exaggerated reéponses and a pdpﬂlatioh,who show weak
Tresponses to facial dimmersion. Sinilarly; differences in
baroreceptor sensitivity have been found within a group of yoﬁng
healthy subjects (Bevegard et al; 1966). Bardreceptor sensi-
tivity was measured as the absolute levels of decrease in heart
rate and blood ' pressure in responée to the applicatién of
negative pressures-to the-neck (ie. stretch of the carotid baro-
receptors). A demonstration of a higher level of baroreéeptdr
sensitivity in responderé than in non-responders to breath-hold
facial immersion 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 compare 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

denonstrated little or no change in heart rate.

1.3 Definition of Terminology

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

Baroreceptor sensitivity- The ability of the arterial
baroreceptors to detect



Valsalva manoceuvre=-

Isometric exercise-

RR interval-

fluctuations in arterial blood

pressure and to imitiate
cardiovascular changes aimed at
restoring normnal pressure
levels.

Forced expiration against a
closed glottis.

Sustained muscle contraction in
which there 1is no change in
muscle length.

The length of time between two
consecutive QRS conplexes
(ventricular depolarization)
recorded on an electrocardia-
graph.



CHAPTER II

REVIEW OF THE LITERATURE

This chapter will provide the reader with an urder-
standing of circulatory control mechanisms as they relate to the
purpose of the study. Measures of baroreceptor semsitivity were
compared between subjects who demonstrate a strong andAsubjects
who demonstrate little or no heart rate respomnse to breath-hold
facial immersion. Important to this chapter; therefore; is a
review of the role of the baroreceptof in cardiovascular control
and a discussion of the concept of barosensitivity. The heart
rate and blood pressure responses to the Valsalva manoceuvre and
to isometric exercise; the measures of barosensitivity wused 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 inmersion performed
during dynamic exercise. The final sections discuss the effect
of dynamic exercise on barosensitivity and rewview previous
literature examining the role of the baroreceptor in diviﬁg

bradycardia.
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2.1 Cardiovascular Control

2.1.1 Overview

An interaction of the two Dbranches of the autonomic
nervous system provides efferent cardiovascular control (Levy;
1971; Copen et al; 1968; Kabat; 1939). The parasjnpathetic
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 (Lévy and Martin; 1979). Thg ?rﬁnary
effects of stimulation of the sympathetic branch of the nervous
system are peripheral vasoconstriction (Zstrand and Rodahl;
1977); an increase in heart raté and improved cardiaé
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 throdgh the
nervous system (Smith and K&npine; 1980). In additibn; the
vascular beds vary in the density of synpathetic efferent nerve
fibers and in the types of specializéd receptoré preéent
(Zstrand et al; 1977). This permité a finer control of blood
flow distribution. The total amount of blood flow; or cardiac
output; is determined by four factors; heart rate; cardiac
contractility; the amount of blood returning to the heart and the
pressure against which the left ventricle must work (Pannley and

Talbot, 1979).

11



The success of these wvarious control mechanisms is
monitored through chemosensitive and pressure sensitive

receptors.

A. Chemosensitive receptors

Chemoreceptors in the aortic and carotid bodies - are
stinulated through decreases in the arterial pH; decreases in the
arterial pressure of oxygen and increases im the arterial
pressure of carbon dioxide. Stimulation of the ‘ carotid
chemoreceptors results in peripheral vasoconétriction;
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~Jémes 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 cbnseqﬁenées of
their stimulation are discussed in the following sections. Most
iﬁportant to the present study are the types of preésure stimuli
capable of stimulating 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 aortie 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; cardiopulmonary receptors
respond to low pressure stimuli and s&stemic arterial receptors
respond to high pressure stimuli (Smith gg_gl;.1980).

Stimulation 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 frequenéy in individual nerve
fibers and the recruitment of new receptors accompany increases
in blood pressure (Bronk and Stella; 1932; Landgren; 1952). As
wéll; the amplitude of the electrical potentials becones larger
with this greater total afferent activity (Pelletier et
al, 1972).

Baroreceptors have been classified according to the size

of the discharge spiké recorded in their afferent fibers (Bronk

13



and Stella, 1935; Bronk et al, 1932). The larger amplitude of the
electrical potentials with increased baroreceptor activity'may be
the result of selective recruitment of baroreceptors with the
larger amplitude spike (Pelletier et al; 1972). Alternatively;
these larger amplitude spikes may represent the summation of two
or more inpﬁlses that were fired srnultaneously (Spickler and

Kezdi, 1969). -

2.1.2.1 Arterial baroreceptors

In man; increases 1in mean arterial pressure within the
range of 62 to 215 mmHg are accompanied by increases in mean
impulse frequency of the carotid sinus afferent nerves. At these
pressure levels; the aortic barorecepfors are substantiallj 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
inbtropic (cardiac contractility) effect of the baroreceptor
stimulation. Venodilatation did not play a role 1in 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

14



in peripheral resistance (Mancia et al; 1979).

The heart rate response to a decrease in arterial blood
pressure is an initial decrease in cholinergié activity. This
signal is then reinforced through an increase in beta adrenergic
activity (Eckberg, 1980). The beta adrenergic systen; however;
is not involved in the decrease in heart rate which follows an
increase in carotid sinus discharge (Robinson et al; 1966;
Glick and Braunwald; 1965).

The cardiovascular system is thought to provide a better
antihypotensive -than antiﬁypertensive defense (&hith»fﬂi
Ei; 1980). This is attributed to the response characteristics of
the carotid ©baroreceptors (Mancia et al; 1979). The aortic
baroreceptors are primarily antihyperténsive 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 (Schnidt et al; 1972; Stegeman and
Tibes; 1969; Ead et al; 1952). Pulse pressure is a major
cdnponent of this stimulus (Schmidt EE_ELL 1972) and has been
found to be most effective in stimulating the carotid
baroreceptors at mean = pressures of less than 150 wmHg
(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 1increases in pulse pressure was dependent on the

15



level of intrasinus pressure and varied between éubjects at each
intrasinus pressure level. The rate of change of preééﬁfé
(Pelletier et al; 1972) and the magnitudé 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 diécharge in
myelinated afferents and slight changeé in the diéchargé
frequency of unmyelinated affefents in rats with changeévin heart
rate. These changes appeared over the physiological range of rat
heart rate. Other researchers have found the effects of pulse
frequency on systenic arterial preséures of the dog to be
restricted to frequency ranges of 0O to 1.6 cycles per s
(Stegeman et al; 1969) or 28 to 72 cycles per min
(Angell-James et al, 1970).

The change from steady to pulsatile arterial blood flow
is not always associated with an increase im the average
frequency of nerve impulses 1in baroreceptor afferent fibers
(Ead et al; 1952). However impulse grouping; without changeé in
the total number 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 1large

16



amnplitude spikes on an electroneurogram; are recruited in
response to increases in the pulsatility of flow thrdﬁgh 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 1location of cardiopulmonary baroreceptoré 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 ﬁnchanged (Linden; 1973).
Bradycardia and hypotension follow stimulation of the ventricular

mechanoreceptors (Brown; 1979).

2.1.2.3 Sumamary

The baroreceptors are located in the aortic arch; the
carotid sinus; the great veins; the heart and the luﬁgs.
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

17



more sensitive to fluctuations in mean arterial pressure than
those in the aorta. As well; carotid receptoré may'bé stimulated
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
preésure and to. initiate cardiovascular changes aimed at
restoring mnormal 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) must 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; with the shortest stimulus response interval being
approximately 80 msec (Jewett; 1964). Sayth et al (1969)
exanined the heart rate and blood pressure responses to
ahgiotension—indueed hypertension in hunans. 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 measures was chosen to represent

baroreceptor sensitivity.

18



The influence of a high level of sensitivity of the
cardiodepressor component of the baroreflex; as measured by Smyth
et al (1969); on the ability of subjects to maintain resting
levels of arterial ©blood pressures has been examined.
Normotensive subjects with the most sensitive baroreflex
denonstrated 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 coabination with a fairly
constant blood pressure was found to be an indication of a high
level of baroreceptor sensitivity in mild to woderate

hypertension (Ogawa gE_al; 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 mean
arterial pressure which were sustained for a minimum of 15 min..
The effect was reversible and 1is thought to be the result of
viscoelastic relaxation within the arterial wall (Dbrward et
al, 1982; Coleridge et al; 1981).

The baroreceptors of hypertensive individuals 6perate
around a higher set point. As well; the sensitivity to changeé
from this baseline may be reduced (Ogawa et al;71981; Brown;

1980; Downing, 1979). Increases in arterial wall stiffness;

19



which act to 1limit baroreceptor defonnation; (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 (Brcwn;
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
identified which® is able to regulate the .distemsibility of the
carotid sinus wall (Kezdi, 1954). Stimulation of these fibers
results in an increase in' baroreceptor afferent discharge
(Koizumi and Sato; 1969). Although there is little known about
the physiological role of this mechanisa (Kirchetn; 1976); it may

provide a means for direct control of barosemsitivity.

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). Integratibn 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 (Hossman et al; 1980).
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Sustained increases in the level of discharge of the
cardiopulmonary stretch receptors (increases in the positive

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

central blood volune —-- Billman et al; 1981; Ludbrook et al,

1981) have . also modified the cardiovascular responéé to
baroreceptor stimulation. In contrast; the atrial baroreflex
appears to be independent of the level of afferent activit?°fran

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

2.3 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 exeréise tachycardia on cardiac
output (Bezucha et al; 1982; Lind et al; 1964). Decreases 1in
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 1ischemic conditions within exerciéing
muscle are capable of stimulating increased levels of
vasoconstriction in non-active areas (Perez4Gonza1e2; 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 remains at pre-exercise - levels both

21



when small (Lind et al; 1964) and when large (Bezdéha et al;
1982) muscle groups are used.

Proposed mechanisms for the exercise tachycardia include
increases in central comnand; chemoreceptor stimulation of small
sensory afferent fibers and mechanoreceptor stimulation
(Asmussen, 1981). The role of central mechanisms in the preséor
response.. .has been denmonstrated through changes in the amount of
effort  required for. .a given task (Goodwin et . al; 1972,
Freychuss et al; 1970). 1Increases 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 (Rowell 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, 19801 or

dynamic [Rowell EE__3£L 19811 ) period; blood pressure was
prevented from returning to resting levels. These results have
presented a strong case for the role of ischenic changes within
the contracting muscle in the pressor res?onée to isometric
exercise.

Occlusion studies using dynamic (Freund et al; 1978)
and isometric (Mitchell et al; 1980) exercise have found that the
strength of the pressor response 1is increased when a larger

muscle ~mass is imvolved. - 1t has been suggested that the nunber
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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 dincreases in muscle mass. In agreement;
elimination of sensory afferent nervous signals and the blood
pressure response to wmuscle ischemia did not eliminate the
‘pressor responée, to maximal isometric contractions performed by
the legs (Freund et al; 1979).

.The role-of the muscle mass in determining the pressor
response has been-demonstrated through comparisons using muscle

groups of different sizes (Mitchell et al, 1980). Studies uéing

strong and atrophied 1limbs (Mitchell et al in Mitchell et al;

1981) have found that it is; more specifically; the absolute
level of force produced that is important. Snoothed rectified
electromyography suggested that the same number of motor units
were firing during conditions of the same absolute force. The
increase 1in blood pressure with increased duratiom 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

Cunningham and associates (1972) exanined the effects of
dynanric exercise (cycling - 30 to 85 watts), sustained handgrip

~(30% of maximal:voluntary contraction) and rhythmic handgrip (30;
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45 and 60%7 of maximal voluntary contractidn) on baréreceptét
sensitivity. Baroreceptor sensitivity was Tneasured éccordiﬁg to
the method described by Smyth et al (1969) which stimulates the
baroreceptor through drug-induced peripheral vasoconstriction.
v The decrease. in the-cardiodepressor effect of baroreceptor stimu-
lation with exercise was found to be unrelated to the degree of
increase in oxygen wuptake. - However, correlations in order of
increasing strength were found with the exiéting values of
~arterial —pressure; RR interval and an index made wup of the two
measures. Although cycling pfoduced the greatest increase in
heart rate; sensitivity was significantly lower during sustained
handgrip when the exercise conditions were compared at the same
heart rate. Separatibn of the daﬁa fron 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 et al; 1978) préduced
increases and decreases in carotid sinus transmural pressﬁre with
a variable pressure neck chamber. Unlike the phannacoldgical
stinulus wused by Cunningham and associates; this technidue
produced sustained levels of baroreéeptor stimulation. Subjects
performed isometric handgrip at intensities of 35; 45; and 657 of
maximal 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 maximal
effort. 1In contrast; . the more gradual tachycardia caused by
application of positive pressure tec the neck was similar during
rest and during the three intensities -of isometric exercise.
Nutter and Wickliffe (1981) used direct stimulation of
somatic afferent fibers in anesthetised dogs to study the cardio-
vascular response to isometric exercise. Afferent input from
cardiopulmonary and aortic baroreceptofs was eliminated through
bilateral vagotomy and wmuscle contraction was prevented with
neuromuscular blockade. The somatopressor reflex involved
significant average increases in both heart rate (30%) and blood
ptessure (40%). The initial response included peripheral vaso-
constriction, with the greatest increase in vasomotor tomne in the
"inactive” muscle and a delayed vasodilatation in the arterial
circulation of the hind paw. 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 et al (1981). This group also reported that
increased levels of cardiopulmonary baroreceﬁtdr 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%7 of maximal voluntary

contraction. The conbination 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
adninistered separately. In addition; the arterial blood
pressure response was increased when the high intensity exXercise
was performed during lower Dbody negativé pressure. The heart

rate response, however, was not affected.

2.3.2.1 Suamary

In hunan subjects; isometric exercise has been
associated with decreases in the degree of change in RR interval
in responée 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 denonstrated a decrease in the
cardiodepressor effect of Dbaroreceptor stimulation (ie. the
change in RR interval per unit change in syétolic 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 préssure was affected by isometric
exercise.

The carotid sinus Dbaroreceptors have been found to
daupen the peripheral vasoconstrictor fesponse to isometric exer-
cise in anesthetized dogs. In addition; studies using Dboth
anesthetized dogs and conscious humans have shown an inhibitory
effect of cardiopulmonary afferent activity on the increases in

vasonotor tone found during isometric exercise.

2.4 The Cardiovascular Responses to the Valsalva Manoeuvre

Performance of the Valsalva manoceuwre involves forced
expiration against a closed glottis. The cardiovascular
responées to this respiratory act have been well docunented.
They form a consistent pattern that has been divided into four

phases (see Figure 2 p. 28).
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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 mmHg for 15 s. {From J. J. Smith and
J.P. Xampine, 1980.)



2.4.1 Phase one

The onset of expiratory strain results 1in increases in
both systolic amnd 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 et
al, 1952) or has decreased (Kormer et al; 1976). This first
phase lasted only 1 to 2 s when the expiratory pressdre exerted
was between 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 puhnénary 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 éystolic 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 experﬁhentél
conditions. It was concluded; therefore; that neural mechanisas
are not involved.

= Any decrease in = heart rate during this part of the
Valsalva manoeuvre - has been attributed to carotid sinus
baroreceptor. stimulation. Increases in intrathoracic pressure
have an equal effect..on. the dintravascular and extravascular
pressures .within - the thorax. With no change' in  transmural
pressure, the aortic barofeceptors 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 mean and pulse
- -pressures -drop significantly below resting levels when subjects
maintain an expiratory pressure of 20 muHg (Korner et al; 1976).

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

pulmonary 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 (Kormer 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). 1In support of this; venous pressures
demonstrated a gradual increase despite a loss of pressure in the
arterial circulation (Gorlin et al, 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 diaphragm (Judson et al, 1955). - T

Zema et al (1980) pointed out that the narrowing of pdlse
pressure 1s consistent with. a decrease in stroke voluue.
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 wmean arterial
pressure (Korner et al; 1976; Stone et al, 1965; Gorlin et él;
1957; Price et 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) 1in pulse pressure. The

minimun 1levels of ©blood pressure are reached 7 to 8 s (Price et

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

31



of the manoeuvre. Other investigatoré {(Goldberg 35_31;_1952;
Sarnoff et al, 1948 - dogs) did not observe this reversal of the
blood pressure response.

The secondary pressure increases reported by Kornmer et
-al (1976) were -associated with a levelling off of heart rate.
Venous pressure also .reaches a plateau during this pbrtion of the
Valsalva manoeuvre; with the final level equal to. . intrathoracic

_pressure (Gorlin'etﬁal; 1957; Price et al, .1953).

Korner -et al (1976) examined 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 technidue.
Total peripheral resistance was calcﬁlated 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 mm Hg 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 maintaining cardiac output when subjects created an

expiratory.pressure .of 20 mmHg. With ‘the nervous system intact;
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cardiac output denonstrated a 35% decrease dﬁring the Valsalva
manoeuvre. Cardiac effector blockade magnified this reépénée;
leaving cardiac output at one half of the pretest level. The
addition of synpathetic vasoconstrictor blockade did not
significantly influence the amount of change in cardiac output.
The role of cardiac -and vasomotor reflex activity in the
maintenance of cardiac output was evenly weighted at the highest
expiratory pressure. Forced expiration resulted in a 40%

decrease in cardiac output... However, the total mechanical effect

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

resting level.

Corresponding measures o0f total peripheral resistance
showed increases above resting valﬁes with each expiratory
pressure. While manoeuvres requiring 1little effort (expiratory
pressures of 2.5 and 5 mnazHg) triggered only slight vasomotor
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 1late
increase in mean pulmonary arterial preséure in some caéeé; 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 interﬁretation rather
than of findings. Stone EE_EE.(196S); while reportiﬁg no
change, discussed the difficulty in interpreting the signi-

ficance of small changes. . It has been argued that if the
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secondary rise in arterial pressure represents an increase in
venous _ return, the pulmonary arterial circulation should

demonstrate 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 ?reséuré
_{Xorner et al; 1876; Sharpey-Schaefer, 1965; Stone et al; 1965;
. Goldberg et al; 1952; Sarnoff et al; 1948) and in pulmonary
arterial pressure _(Stone et al; 1965). The absolute degree of
change in these pressures was equal to that of intrathoracic
pressure (Sharpey-Schaefer, 1965). Kornmer and associates (1976)
reported that total autonomic nervousv system blockade did not
affect the changes in mean arterial pressure during this phase.

That the arterial pressure drops below -control levels
(Stone EE_ELL 1965; Goldberg EE_iiﬁ 1952) m=may be explained by'é
‘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); éﬁggesting an
increase in venous return. It appears; therefore; that the delay
in the increase in cardiac output is the result of transit time
from the right atrium- 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 éhanges found in pﬁlse pressure duriﬁg this bhééé of
the Valsalva manoeuvre are not consistent across exﬁerﬁhéhté.
Stone et al (1965) reported that diastolic pressure did not

change; resulting in a further narrowing of pulse pressure. 1In

contrast; an earlier study reported decreases in both systolié

and diastolic blood pressure with pulse pressure ndnnally not
showing any change from the end of phase two (Goldberg et él;

1952).

Viﬁ bgégzsgﬁAiésrrbulge pressure was.well below rest at the
eﬁd of phase three. The group that did not find decreases in
pulse pressure (éoldberg et al; 1952) also did not feport a
seéondary parallel increase in systolic and diastolic pressure
during strain. Differences in blood pressure levels at the end
of phase two wmay account for the differences in the relative
contribution of systolic and diastolic changes to the decrease in

pressure during phase three.

2.4.4 Phase four

A marked overshoot in arterial ﬁressure has been
demonstrated during the fiﬁal phasé of the Valsalva manoceuvre
(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
3}#_1953). This was accompanied by increases in pulse pressure

(Sharpey—Schaefer; 1965; Stone et al; 1965; Lee et al; 1954,
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Goldberg et al, 1952) to levels significantly aﬁove those
measured at rest (Stone et al; 1965). Additionally; one grdup
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 pressuré within the thorax was no longer balanced by an
increased intrathoracic pressure. This resulted in elevated
levels of transmural pressufe and stimulation of thg 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‘synergistié 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 1increase in s&staﬁic
arterial pressure occurred in the absence of a pressor response
within the pulmonary 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 arterigl pressure overshoot.
The decrease in pulse preésure during phase two has been selected
as the stimulus for the reflex response (Korner et al; 1976;
Sharpey—Schaefer; 1965; Stone et al; 1965; Gorlin et él; 1957;
Judson et al; 1955; Lee et al, 1954; Price et al; 1953).

Cardiac patients in whon syétolic; diastolic and pulée
pressure were maintained throughout respiratory strain did not
demonstrate the overshoot in pressure post—releaée. Radiographié
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—teét (Stone et al; 1965; Judson et
al, 1955). It was argued; therefore; that the vasocomstriction
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 pharmacoclogical interference with the autonomic nervous

system. The overshoot was eliminated by drugé which préventéd

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 dampened by synpathetic preQexcitation
with circulating epinephrine (Sarnoff et al; 1948) and

l-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 stimulus
to the aortic and carotid baroreceptors. Palmero and co-workers
(1981) measured the cardiodepressor response of the baroreflex to
this pressure overshoot. Subjects maintained an expiratory
pressure of 40 amHg for 20 s. According to the method of
Smyth EE*El_(1969); each systolic blood pressure was paired with
the second RR interval following it. The regreésidn 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 Suvamary

Increases in intrathoracic pressure with forced
expiration result in an immediate 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 anount 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 wused as

an dindication of the sensitivity of the aortic and carotid
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baroreceptors.
2.5 Barosensitivity During Dymanic Exercise
Bevegard et al (1966) examined the effects of

baroreceptor stimulation during supine 1leg exercise. Negative
pressures in a cuff placed around the neck were used to sinulate
an increase in arterial pressure through a stretch of the carotid
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 1levels éf these
paraneters. 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 maximum
slope at the same sinus pressure and 2) an upward displaceneht
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 wmild 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

40



changed with exercise. Melcher et al concluded that the changes
in heart rate and blood pressure in response to baroreceptor
stimulation are similar during rest and exercise. This con-
clusion 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 stimulus 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 component of ﬁhe baro-
reflex (Sayth et al; 1969) was reduced in subjects performiﬁg
erect bicycle exercise at heart rates éomparable to those used by
Bevegard and associates. Over a range of exercise intensitieé;
the resting level of 20 to 25 msec change in RR interval per mmHg
increase in systolic blood pressure approached 0 msec per wmmHg
when the preinjection RR interval decreased below 40 msec (150
bpn). 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 effectivel§
linear while the relationship between heart rate and systolic
blood pressure is hyperbolic. The former was chosen in order to

exanine changes in sensitivity of the baroreflex, therefore,
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based on greater validity for the coaparison of regreséiéﬁ
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 to RR intervals;
did show a decrease in sensitivity .or gaiﬁ of the baroreflex
control of heart rate with exercise.

Despite any decreases in baroreceptor semsitivity, the
baroreceptor reflexes do play a role in determining the blood
pressure responses to dynanic exercise (Melcher et al; 1981).
Only small transient decreases were ﬁoted in dogs during the
first 10 s of both light and moderately severe exercise when the
baroreceptors were functioning mnorally. However with no
baroreceptor input available; arterial pressure demonstrated a
sustained decrease during light exercise and an initial decrease
with a return to resting 1levels during moderately severe

exercise.

2.5.1 Summary

It has been demonstrated that the response of the RR
interval to increases in systolic blood pressure decreases with
dynanic exercise. The ability of the baroreflex to decrease

heart rate, whether expressed as the change in RR interval (msec)
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or 1in  heart rate (bpm) per unit change in blood preSéure;
approaches 0 with an exercise heart rate of 150 bpn. The smaller
RR intervals or higher heart rates which accompany each level of
systolic blood pressure during exercise; have been interpreted as
a change 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 pressure response with and
without baroreceptor afferent input. Normally, arterial pressure
increases with exercise despite vasodilatation within the
exercising muscle. Elimination of baroreceptor afferent input in
dogs resulted in either a sustained decrease in arterial blood
pressure (light exercise)‘ or an iﬁitial 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:
apnez, bradycardia; and peripheral wvasoconstriction. Moreover;
each response is the result of an interaction of a nuzber of
reflexes. For these reasons, Daly et al (1979) have argued that
the termm "diving reflex” 1is 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 adedﬁate stimuli for
an explanation of diving bradycardia based on a baréreceptor
response to changes in arterial ©blood pressure. Relaxation of
the respiratory muscles after z maximal insﬁiration results in an
increase in- intrathoracic pressure. These changeé are

transmitted ~to  the - arterial’ system and may, through the

- baroreflex, trigger decreases in heart rate. .

The...increase in thoracic. pressure alsc 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 (Xawakami et al; 1967). Diving
bradycardia was found to be independeﬁt of changes in esophageal
pressures within the range of -5 to +16 cu H2O. The high
esophageal pressures were created by closing the glottis.
Whether the wmanoeuvre was initiated at the end of a nommal
expiration or at the end of a maxinal inspiration did not make =z
large difference in these measures.

Two studies (Heistad et al; 1968; Kawakami et al; 1967)
have documnented gradual increases in systolic and diastolic blood
pressure during breath-hold facial immersion. With a water
tenperature of 20 to 25° C; mean arterial pressure reached levels
that were an average of 20% above resting levels (Heistad 35_31;
1968).

. . These increases in blood pressure are the 7result of
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peripheral vasocontriction. Increases in vasomotor tone 3ay be a
direct effect of tenperature receptor (Heistad et al; 1968) or
arterial chemoreceptor (Coleridge et al, 1979) stinulation.
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 rzte did not parallel increases in blood
pressure during breath-hold facial immersion in each of their
subjects. The authors were wunable to accept or reject the role
of the ©baroreceptor in diving bradycardia based on this
evidence. Decreases in hezrt rate sepérate of increases in blood
pressure may have been the result of stimulation of temperature
receptors in the face (Eesistad et al; 1968; Paulev; 1968;

Wwhayne et al, 1967; Kawakai 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-
cardia response. Breath-hold facial immersion (€)C water) was
perforned both at rest and while exercising at 60% of maximal
oxygen uptake. Both the increases in systolic blood pressure and
the decreases in heart rezte during  the resting trials were

potentiated by the additicn 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 respohée; while beta blockers
reduce increases in heart rate and cardiac contractility.

Cuff measures - of syétolic blood - pressure 5upported a
decrease in or elimination of sympathetié baroreceptor stimuli
during the breath—hold facial inmersions as a result of each
hphagnacologicalwintervention,um»However; ciréulatory adjuSUuehté
-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
sYétem makes it difficult to interpret the final. reéﬁonée; in
this case the heart rate changes during breath-hold facial

immersion.

2.6.1 Summary

Diving bradycardia may represent a baroreceptor mediated
response to increaSes in arterial blood preséure. One stﬁdy
found that the decrease in heart rate appeared to follow the
increases in blood preésure in some subjecté. If these sﬁbjecté
were also those who demonstrated a étrong heart rate response to

breath-hold facial hmnersion; the role of the baréreceptor in
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diving bradycardia would have been éuﬁpbrted

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 méjdrity of studies
examining the reflex have used changes in RR interval in reéﬁdhse
to drug-induced increases in systolic blood pressure; as an
indication of baroreceptor sensitivity. Subjects classified as
baroreceptdr sensitive with this measure also /demonstrated lérge
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 baroreceptbrs. The measurement of the relationshiﬁ
between changes in syétolic blood pressure and changeé in RR
interval during the blood pressure overshoot in the recovery of
the Valsalva manoeuvre has been validated against measures uéing
drug-induced increases in blood preséure. Isometric exercise has
not been wused to examine baroreceptér sensitivity in previéds
studies. However; it has been shown that the s?étem‘é abilit& to
regulate arterial pressure is mot éhanged during isometric
exercise.

The purposeb of this study was to compare measures of

baroreceptor sensitivity in responders and non-responders to
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breath-hold facial immersion. Subjects were placed inté_ 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 ;educe; but not elﬁninate; the cardiodepreésor

conponent of the baroreflex.
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CHAPTER III

METHODS

3.1 Design

The purpose_of this étudy was to compare measures of
baroreceptor sensitivity in those individuals who demonstrate a
pronounced slowing of pulse rate during breath-hold facial
immersion (responderé) and those who show little 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 groﬁps of
responders; non-responders and weak respondéré based on their
heart rate response during the exercise trials. Thirty4nine
students were screened in order to find a minimwm of six who
decreased their heart rate by greater than 35%Z and six who
decreased their heart rate by less than 10% during the initial 10
s of weach trial. The six with the strongest responses were
classified as responders and the six with the weakest as
nonéresponderé. The remaining 27 Subjects were labelled weak
responders. Maximal oxygen uptake was measured during éycle
ergometry uéing the opén-circuit method in the six responders and

the six non-responders on a separate occasion.
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Each of the 39 students tested for their reépbﬁée to
breath-hold facial immersion returned to the lab to perfdr@
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 sphygmomananeter; both during the manoeuvres and
during a 2 wmin recovery period. Heart rate was monitored
continuously over the same period on a physiograph. The syétolié
blood pressure; diastolic blood preésure and heart rate respbnse
patterns of the reSponders and nén-responders to breath-hold
facial immersion were analyzed for poséible differences in

baroreflex sensitivity.

3.2 Pretest (Screening)

Twenty-one male and 18 female wuniversity students; aged
19 to 30 years; were pretested in order to identify six
responders and six non-responders to breath-hold facial
immersion. Subjects were classified according to their heart
rate response to facial immersions performed during dynamié
exercise.

The subjects were seated on a Quintéh constant workload
bicycle (model #844) with a pan of cold water (404630) suppbrted
at handlebar level. Both heart rate and rhythm were recorded on
a single channel Cambridge electrocardiograph (model VS4) from a

-1
modified V 1lead. The paper speed was set at 50 mm.s ~.
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Breath-hold was initiated following a maximal inéﬁirQ
ation. Subjects were instructed to breathe nonnally béf6r§ 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 assuned 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 dﬁring rest.
They then Dbegan cycling at a constant rate of 50 rpu. Power
output cn the ergometer was increased each minute until a heart
rate of approximately 130 bper was reached. This level of
exercise was maintained wuntil 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 cqnpared 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—ﬁmnersibn heart rates.

Criteria for the classification of Subjects were based on

results from 21 students tested in a pilot study (Apﬁendix A).
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The screening was continued wuntil a minimun of six subjects
decreased their heart rate by‘ greater than 35% of 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 immersions. 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 measurement 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
ergoneter {model #868). The initial workload was 300 l«:;'m.m:i.rf'l .
This was increasgd by 200 kpm.min_q' every 2 min for the females

and by 300 kpm.min'l

every 2 min for the males.

During the final workloads; subjects wore a ﬁoseclip and
breathed through a one-way valve. The volume of inspired air was
measured with a Hewlett-Packard digital pneumotachometer {model #
4000VR). The 1linearity of the electrical output from the
pneunotachoneter was checked against actual flow measures using

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

#176) and a Hewlett—-Packard capnograph {model #47210A)vprovided a
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#47210A) provided a continuous assessment of the oxygeﬁ and
carbon dioxide concentrations in the expired air. These measures
were calibrated with two gas sanples containing a known
concentration of oxygen and carbon dioxide. Heart rate was
monitored using a Vv 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
sphygmnomanoneter. Trials consisted of forced expiration through
a mouthpiece againét the mercury column.

A noseclip waé worn during the manoeuvre. However; a
small leak in the system (.5 -1 mmHg.s_J) was established with a
two-way connector placed between two sections of tubing. A
constant flow of air through this leak assured the experimenter
that the subject had maintained an open glottis throughdut the
trial.

The Valsalva manoeuvre was initiated following a maximal
inspiration. The subject then brought the mercﬁry colunn to the
30 mmHg mark and maintained that level of respiratory effort for
40 s. The time from the initiation of the maximal inspiration to
the start of the trial was not mwmore 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 dynamometer (nodel #78010). The handle position was
adjusted to fit each subject's grip size (ie. second phalangeal
joint placed under the handle). Two maximal handgrip efforts;
separated by 1 to 2 -min of rest; were used to measure maximal
voluntary contraction. These were completed a?ﬁroxﬁnately one
half hour before the isometric trials.

During the experimental trials the participant maintained
70% of their maximal force of contraction for as long as
possible. A loss of greater. than 20%Z of this force 1level
signalled the end of the.trial due to fatigue. - Instructions 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 perfonhed three trials of
forced expiration (Valsalva manoeuvre) and three trials of
isometric handgrip exercise. Heart rate; sy5tolic blood pressure
and diastolic blood pressure were recorded ddring the manoceuvres
and during a 2 wmin recovery period. Using a stethoscope and a

standard sphygnananometer; systolic and diastolic blood pressﬁre
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could be measured approxﬁhately every 20 s. Trials were rébeatéd
if fewer than two systolic and two diastolic measures were
recorded during a manoeuvre. 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 #PMP-44)
recorded the signal throughout the trials at a paper speed of 5

mm.s‘l. Baseline measures were recorded Dbefore 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 nuber 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 é; 5 s heart rate counts were used. Recovéry
heart rates for both manoeuvres were taken from consecutive 10 s
strips on the physiograph during the initial 1.5 wmin
postérelease. 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
time wusing a Minitab computer prbgran (Appendix D). Each plbt
contained data from one of three grodps; 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 systoliec blood pressuré
responses that would_best:fit a linear regressién model (Table 1

p. 57). However; points on the scatterplots did not diétingﬁish

-...between subjects  or between trials. It is poésible, -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 manoeuvre. If this is a typical blood
pressure- responsg; cuff 'measuremnents taken during this period
would represent random samples rather than a pattern of chahge
over time. For this reason, cuff measurements taken during this
period were excluded from the analyseé.

The heart rates recorded in responders and non-responderé
during each time interval of the Valsalva manoeuvre and isometric
exercise trials (Table 1) were entered into a seéarate repeated
measures analysis of §ariance (BMDP-2V). The mixed design (ie.

within and between subjects variables) examined the effects of 2
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TABLE 1

The time {intervals chosen for fhe analyses

H

#

VALSALVA MANOEUVRE ISOMETRIC HANDGRIP EXERCISE
Systolic | Diastolic ‘ Systolic Dlastollc
Heart Blood Blood Heart Blood Blood
Rate Pressure pressure Rate Pressure pressure
test test test test test test
duration duration duration . duration duration duration
TIME release to 8 to25s 8 to 55 8 release to release to release to
40 = post-release post-release 20 8 258 25 s
INTERVALS post-release post-release post-release post—-release
25 to 55 8 20 to 60 s 25 to 55 25 to 55 »
post-release post-release post-release post-release

LS




groups by 3 repetitions by 3 or 4 time points. These analyées
identified any group effects on the change in heart rate over
time. The orthogonal option provided by this statistical prégram
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 nunber of measures varied
across trials. In order to examine the patterm of chaﬁge of
these measures; simple regressions (SPSS) were perforumed for each
subject wusing the data points from al1 three trials. Each
regression line described the. change in either systolic or
diastolic blood pressure over one time interval (Table 1). Grbup
conparisons (ie. responders vs non-responders) tested the
differences in the slopes and then; where the rate of change of
preséure was the same in the experimental groupé; the differences
in the intercepts of these - lines. Data from each time interval
of . each pressure measure were entered separately into a one4way
analysis of variance.

The results of all group comparisons were checked throﬁgh
an analysis of covariance (BMDPQZV). This statistical ﬁrdgrém
was used to separate out any effects of group differences in
factors other than the responsiveness to breath-hold facial
immersion. 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



were analyzed. Additional covariates were examnined iﬁ the
analysis of the isometric handgrip data. These were maximal griﬁ

strength and the average length of time to fatigue.
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RESULTS

CHAPTER IV

4.1 Pretest (Screening)

Subjects (N=39) cycled at a mean power output of 667+ 34
kpn.min”]'(range 300 ~ 1300 kpm.min'l) during the exercise facial
immersions. . Pre-immersion heart  rates in these trials ranged
from 115 to 147 bpm. The mean pre-immersion heart rété;
calculated from each subject's average measure across trialé; was
132 1 bpa. The- -corresponding values for- responders and
non-responders were 1321 3 and 130+ 2 bpn; respectively.

Eight of 39 subjects exceeded the minimun response levels
set for classification as a responder to breath-hold facial
ﬁmnersion; while 6 of 39 met the criteria for classification as a
non-responder. The six subjects selected as responders (49; ZCﬁ
were 22 + 2 and the six selected as non-responders (22; 405 were
21*1 vyears of age. Mean values for maximal oxygen uptake in
these two groups were 41% 3 (range 32-51) and 47 £3 (range 35-56)
ml.kg.min-l'; respectively. The 27 weak responders (12(;; 15Cj3
were 22 ¥ 0 years of age.

Figure 3 (p. 61 ) denonstrates 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
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Figure

3. The distribution of heart rate responses to 117

breath-hold immersicn trials (ie. three trials for
each of 39 subjects) performed during wild
steady-state exercise. Post-immersion ~heart rates
were calculated from the longest two beat interval in
the initial 10 s of the manoceuvre.
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subjects). The longest two beat interval dﬁring the initial 10 s
of facial immersion represented an increase in heart rate from

the pre-immersion level in 6% of thesé trials (5 Subjects). In

the same nunber of trials (4 éubjec&é)>tﬁié'ieaséfé-féﬁfesented a

decrease-in hearﬁ;rate of 50% or greater. Forty-eight %Z of the

trials produced two ~beat intervals within the first 10 s which

equalled heart 'rates of~815tO*IQOZ; §f>jth¢~baselinevievel‘~ The-

average within squect Qériaﬁcerdtétﬁéf;é;éfgmméféion héart rétéé
expressed as a percentage of the pre4iimersion heart rate (Figﬁre
3) was 36.8 in the . responders énd726.7'in-thernon—réspbnderé.

The degree of 'bfédyééfdia found during the resting
breath-hold facial immersions is illustrated in Figure 4 (b. 64) -
Each trial has been coded accordiﬁg‘ to tﬁe sffengtﬁ Qfxthe
response of the subject to the same manoeuvre performed duriﬁg
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 6772 in the resting
breath-hold facial immersion trials. In 40% of the trials sub-
jects reached heart rates that were just over one half (51460%)
of their preteSt rate. The subject‘é averagé breath-hold time
(range 23-125 s; mean 51 x4 S) was not related to their average
percent decrease in heart rate (r=.003; 37 df; N.S.).

The mean value calcu%ated/»fromf~each subject's average
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Figure 4.

The distribution of heart rate responses to
breath-hold facial immersion performed 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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http:EXPRESSED.AS

pre4immersion heart rate in the resting condition was 83+ 2 bpn.
Baseline measures ranged from ,57 to 121 bpi. Subjecté who
decreased their heart rate by 50% or wmore in all three trials had
an average pre-immersion heart rate of 88X 4 bpm (4 subjects).
In canparison; 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 bpn (8 subjects).

4.2 Time Intervals Chosen for the Examination of the Change

Over Time in the Dependent Measures

Table 1 (p.57) gives -the time intervals chosen from
scatterplots for the analyses. The repeated measureé statistical
programns were applied to the heart rate data collected in
responders and non—responders during the isometric handgrip and
the Valsalva manoeuvre trials. Over each time interval; heart
rate demnonstrated a significant (p<.05) 1linear cdmﬁdnent of
change over time. 1In addition, significant (p<-05) quadratié
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. waever; gréupé did not
differ significantly in the linear or Quédratic canponenté 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 respénéeé_to the
Valsalva manoeuvre. The average baseline heart rate for the
Valsalva manoeuvres was 72 X2 bpn. This measure was associated
with a systolic pressure of 119%2 mmHg and a diastolic pressure
of 79+t 1 mnmHg. Heart rates of more than 20 bpr 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 bpn below the baseline levels. Syétolic 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. 1In additibn; diastolic
blood pressﬁreé of 20 mmHg above baseline were recorded during

the first 40 s of recovery in 2 subjecté.

4.4 Isometric Handgrip Exercise

The mean pretest heart rate for the isometric trials was
7542 bpn. 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 syétolic and diastolic blood pressuré;
respectively. - Handgrip strength varied from 29 to 67 kg across
subjects. Shnilarly; the highest recorded éyétolic 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 5.

The relationship between each subject's (N=38) grip
strength and the maximal recorded increase in systolic
blood pressure over three isometric 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
isometric trials.
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Figure 8.

The relationship between each subject's (N=36) average
length of time 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 fatigﬁé over
the three isometric trials. Individual trials of iééﬁetrié‘hand;
grip exercise 1lasted from 23 to 151 s. Those subjects without a
blood pressure recording in the last quarter of at 1least one
- trial .were- not -included - .in the scatterplots. The only
.-significant relationship was between handgrip strength‘ahd _each
- subject's: (N=36) maximal -increase in diastoliec blood pressﬁre
over the three isometric handgrip trials (r=.41; 34 df; p<.05).

The mean maximal recorded increase 1in systolic blood
pressure over the three isometric trials was 43%2 mmHg (N=38).
The - corresponding measure .of the maximal increase . in diastolic
."blood pressure response-was 4312 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 mean arterial pressure of 77 manHg. 1In contrast;
2ll 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<.05) in the slope of the increase in systolic
blood pressure (see Methods p.58) dﬁring the isometric trials
between the responders and the non—responderé to breath-hold
facial immersion (Figure 9. p. 77 ). Mean values for these two
groups were .64+ .12 and .95% .05 mnHg of increase in s?stolic
blood pressure per unit of time (length of trial in seconds/bO);

rTespectively. In addition; responders showed a significantly
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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<.0l).
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.

77



+50 1

+40 |

+30

CHANGE IN SYSTOLIC BPlmmHg)

— - —Responders
Non-Responders
%—--Responders and

+20 Non-Responders
+10 N -
BASELINE \/ -
=10
-20 F
i | 1 1 i | i 1 1 { 1 1 1 [ 1 i
25 50 75 100 10 20 30 40 50 60
RELEASE |
Isometric Exercise
(¥ trial duration) Recovery(s)

TIME



lower rate of decrease in systolic blood pressure (—;ini.36
mmHg.s_l) than the non-responders (-1.6*.25 mmHg.;J) over the
initial 25 s of —recovery (analysis of variance -
F[1,10]=12.07,p<.01).

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 responders (.63 £.15 mmHg per unit increase in
tﬁne); 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<.001 ).

Too few diastolic pressure measures could be taken over
the first 25 s of recovery to compare the extreme grouﬁé.
However, significant group differences (analysis of wvariance -
F[1,10]=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
interval was .92 *.48 mmHg.s-l' in the responders and -.21% .11
mmHg.s_l'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 time
period from 15 to 55 s post-release was significantly different

(analysis of variance - F[l,lO]=6.64; p<.05) in the . responders
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Figure 10. Changes in diastolic blood pressure in response tb

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<.00l) and

over a time interval from 25 to 55 s  post-release
(p<.05).
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(+3.6 bpn) and non-responders (-1.2 bﬁh) to breath-hold facial
immersion (Figure 11 p. 83). The élope of the heart rate reéponée
over - the  same time interval was similar in the two groups

(time/group interaction N.S.).

4.5 - Analyses of Covariance o

The level of the  pretest heart rate was -related to the
change -~ in heart rate both -over the duration of the isometric
trials (F[l,6]=10.9; p<.05)- and - during the initial 40 s
post-release of the Valsalva manoeuvre (F[1;9]=15.9; p(.Ol). As
well, a relationship was demonstrated between the pretest 1level
~of .systolic blood pressure-and the intercept -of  the regression
line for -the change in systolic blood pressure during isometric
exercise (F[l;8]=8.52; p<.05). A portion of the variance in both
the slope (F[1,6]=6.69, p<.05) and the intercept (F[l,6]=7.74;
- p<+05) 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 maximal
oxygen uptake. In each of these instances; neither the analysis
of covariance mnor the analysis of wvariance demonstrated a

significant group effect.
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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 mnon-responders to breath-hold facial
immersion, either during the isometric trials or over
the initial 15 s of recovery. Mean values
plotted over these time intervals represent 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 reéponse to isometric handgrip exercise exist
between  responders and. non-responders to breath-hold facial

immersion perforned during dynamic exercise.

- 5.1 Breath-hold Facial Immersion

Preliminary invasive data collected in 2 responders and
2 non-responders (Appendix E) showed increases in mean arterial
pressure of 2715 mmHg and in pulse pressure of 12+ 4 mnHg 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
temperatures in the present investigation (4"-6° C vs 20c)425° c)
may partially explain the stronger presébr responée (Beistad et
al, 1968).

Breath-hold facial immersions performed during exercise
produced larger increases in mean arterial (351 5 mmHg) and pulse
pressure (26 *4 mmHg) than were found in the resting trials

(direct measures). This is. 1in agreement with the findings of

85



Finley and associates (1979). They re?orted a heightened

-systolic blood pressure responee during breath-hold .facial

-Aimmersions performed during ‘cycling at 607 of waximal work

capacity.
The heart rate  responses to breath-hold facial immersion
sperformed 'during - exercise  were investigated in a pilot etddy

LAppendix -A). The . results™ showed that  the differentiation

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

-within the - initial-+10 s+ =In this ,portidn of the invasive
exercise trials; responders demonstrated increases (ie. >10
amHg) in both mean arterial (12 to 24 mmHg) and pﬁlse 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 Dbaseline levels. - Each non-responder increased their mean
arterial - pressure in the initial 10 s of one breath~hold facial
immersion trial (16 and 24 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. Exampleé of this were
also found during the invasive trials. Each of the responders
denonstrated an initial ©bradycardia in the resting breath-hold
facial- immersions 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 responder (BL) decreased ﬁroﬁ 82

to 60 bpn with only-transient increases in mean~arterial pressure

of approximately 5 mmHg during one resting breath-hold facial

immersion.

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

-(breath-hold ~-facial :immersion perfbnned during  exercise) of
Appendix E; all breath-hold trials with O data points did not
show an-increase in the respective blood pressure -measure. . Both
mean arterial and pulse pressures remained at or below baseline
levels in one resting . (responder) 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 wvariability in any cardiodepressor effect of
increases-in -mean arterial and pulse pressure. The 1low and

.negative correlation values cannot be explained through opposite
changes in mean afterial 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 preééure
and  RR . interval may depend on the level of activity of other
mechanisams known to cause heart rate changes  during breath-hold

facial immersion - (ie. chemical and tenperature receptor
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stimulation).

The role of cardiopulmonary baroreceptor stimulation in
-the ~diving response must alsoc be considered.  Atrial reéeptdr
stimulation results in tachycardia; while bradycardia with a
resultant hypotension is triggered through 'stimulation of the

meentricularp‘reeeptorSa(Brown;—1979). As. well; animal work has

shown that .changes in .central- blood wvolume " (Billman et al;

1981; Ludbrook;et.al; 1981) . and increases.. in the - ﬁositive

end-expiratory- pressure in the lung- (Mancia et al in Sepe et al;

1882) may - influence the heart rate response to arterial
baroreceptor stimulation.

s Cardiopulmonary baroreceptor stimulation may occur during
breath-hold facial immersion as é result of increases in
intrathoracic pressure or in response to any resultant decreases
in wvenous return.  In addition; the increases in pulse pressure
over pretest levels which were found during the invasive trials
of~breath—hold,faqial immersion may reflect increases in venous
return and, therefore, blood volume changeé throughéut the
cardiopulmonary system. Whether any of these changes are strong
enough to play a2 role in- the heart rate reépohse during
breath-hold facial immersion is not known.

In a pilot study; echocardiographic measures of left
ventricular dimensions were obtained in one subject performing
erect bicycling at a workload of 600 kpm.min‘l . The addition of

-~breath-hold did --not-obscure the view of the 1left ventricle pro-
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vided that the amount of air in the lungs was no greater than 507

of vital capacity.

5.2 Valsalva Manoeuvre

Palmero et al (1981) reported that the imcrease in sys—

tolic . blood pressure during the recovery phase of the Valsalva

;. manoceuvreé could be used ~-as. a barostimulus 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 systélic blood
pressure. - The regression coefficients representing the asec
change -in. the RR interval per unit increase in systolic blood
pressure were only -considered wmeasures of 'bardreceptor
sensitivity. if the correlation coefficient was greater than .65.
However; the authors did not report the nunber of data pointé
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 nunber 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 suggeét. that the
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baroreceptor response to increases in arterial pressure did not
play an important role in the control of heart rate dﬁring the
recovery from forced expiration (Valsalva manceuvre).

In experiments performed by Palmero and associates
(1981); “the Valsalva manoeuvres were held for 20 s at an
expiratory pressure:-o0f-40 mmHg.  However in the 'present stﬁdy;

subjects maintained ‘ a:mouth pressure of 30 maHg for 40 s. -~ The

25% :1lower mouth . pressure was_associated with.-a 46% lower (33 18

~— direct measures vs 60.8%4.2 mmHg) maximal 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——nonéresponders;
CA--responder) involved in the invasive trials; secondary
increases - in pulse pressure (ie.>10 mmHg) were observed dﬁring
both Valsalva manoeuvres (Figure D Apﬁendix 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 use of higher expiratory pressures amaintained
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over a shorter time period. The increases found in the invaéive
trials may represent some ability to regain stroke volume. . 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 from the Valsalva manoeuvre (Stone et al; 1965).

The regression-.linés describing 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 équally
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 two 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 absolgte, workload performed during the VM trials (30
mmHg for 40 s) represented a different percentage of their
maximal 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 pertion 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
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demonstrated with a larger number of subjects. However;_ grédp
differences . in the blood pressuré responseé (ie.. the slobeé and
intercepts of the regression lines) may have been missed-due to
high variability of the measures. For exanple; the slope of the
diastolic:bloed pressure: resﬁonse over a period from 8 to 25 s
post-release "represented “a  -net change of 18 -mmHg in the
non-responders compared. to- a net change- of 77 mmHg .in the

responders.

5.3 Isometric Handgrip Exercise

" The regression line for ‘systolic pressures - during  iso-
metric “exercise in - the*"non*responders demonstrates  a  greater
average increase 1per 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)
denonstrated 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 respdnseé
which would have a "greater effect on mean systemic pressure
(Figure 10 p. 80 ). "In the present study; nonéresponders showed a
trend toward -a decrease “in- diastolic blood pressure during
isonmetric 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 limits the interpretatidﬁ of
these results. Without actual measures of systolic and diastolic
blood pressure  at set time points; a comparison of the levels of
baroreceptor"stﬁnuli««(e.g.,~jean arterial pressure and pulée
pressure) .in the two. _groups: cannot .be made.. As. well; the
collapsing of data:“over trials in ordér to calculate the
regression line for.each subject may -have introduced artifact.
For example,-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 éﬁbjecté
had a negative siope . (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 1lines for blood ﬁressure
responses over the next  two time intervals (Table 1 p. 57)
suggest higher _levels . of - baroreceptor senéitﬁv&ty' in the
responders. Over the initial 25 s of recovery; responders showed
the flattest systolic blood pressure responée (Figure 9 b. 77).
Measures taken during the 1last 2 s of the isometric trials were
included in the data which produced these regressidn lines.
However; only ‘three responders and three—'non4responders 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. isometric
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trials were 301 5 mmHg in ‘the reéponders and 3416 mmHé‘in the
non-responders. No readings were taken over the 8 s period
S...following - release  (Appendix D). The response - patterns . for
changes in systolic pressure over the next 30 s were similar in
the two groups.
T - . During — the . second . phase ‘of recovery (26-55 s
post—release); diastolic pressure measures in the Teéponderé

.o..produced regression.lines witha positive mean. slope while those

- 0f-the ~non~ responders produced regression lines with a negative A
mean slope. The illustration in Figure 10 (p. 80) suggests that
the - non-responders are decreasing their-diastolic blood preééure . -
-~ towards. the baseline.level. - The pattern for the responders; on SRRERR I
the other hand; suggests that they are recovering from a drop in -~ w
..diastolic. blood .pressure to ..levels below those .recorded. before e
the test. Actual measures (Appendix D) show diastolic pressureé
~in both ~groups ~that are lower than pretest levels during this - B
time- interval. It is possible; however; that the immediate
recovery response was more marked in “the - responders but not
detected because of the time 1lag for  measuring diastolic
pressure. A  large drop in diastolic blood pressure in the
responders upon release of the handgrip may represent an attempt
té'regain normal- levels -of - arterial preséure through periﬁheral

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 0f  change

from baseline were mnot different in the responders and

non-responders either *duringf‘the isometric trials'or over the-
first 15 sfpost—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 ﬁeriod from 15 to 55 s

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

~bpa)+ - - This measure differed -significantly from the - negative

values--calculated -~ for the non-responders (-1.2 bpm). Group
differences in these levels of change in heart rate remained
consistent over .this part of the recovery. A faster decrease in

heart rate wupon termination of the isometric contraction and/or

lower levels of heart rate with respect to the baseline levelé;‘

would be expected -in -the most barosensitive group if the
baroreceptor relied wupon a bradycardia to return "blood preséure
to baseline levels post-release. Higher heart rates with reébect
to baseline measures in the responders may reflect a barorecebtér
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 . ana 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 same rate of increase in systolic
(Figure - B) . and -diastolic ,(Figﬁre C) blood pressure .during
isometric exercise; with-higher—levels of change in both measures
at each time point 1in the responders. Levels of change in
~systolic and diastolic blood 'pressure over the initial 25 s of
recovery - were.  similar in the ‘two groups. 'However; only two
responders . and two mnon-responders were involved in the invasive
trials. . Slopes .and--intercepts which  represent group canpariéoné
»similar to those found with-the direct measures could -be selected
from the noninvasive data (Appendix C). The discrepancy between
~the -invasive and noninvasive group conparisoné may also be a
tesult  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 immersiom (10° - 17° C) to breath-hold resulted in both a

gquicker initiation and a decrease in the tendency for heart rate

recovery 1in the 1latter part of the manceuvre (Kawakami et al;

1967). As well; decreases in water temperature have resulted in
a»potentiation of the bradycardia responée (Paﬁlev; 1968; Whayne
et al, 1967).

Decreases ~in heart rate have been reported during
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breath-hold in air (Oldridge et al, 1978; Moore et al, 1973;

» Brick; 1966). Moore and associates (1973) demonstrated a

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

facial immersion with a decrease in the alveolar pressure of
oxygen. The 1level shown to provide hypoxic stimulation in
Moore's experiment (.69 maHg) is reached after 45 s (functional
residual ‘capacity) to 95 s (total 1ung~capacitj) of breath-hold

performed during rest (Hong et al, 1971). Hypercapnia 1is also

-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 stimuli
present during the méanoeuvre must be considered. Secondly; the
reflex may respond through changes in vasomotor tone; changes in
heart rate or thfough some conbination of these two effector
mechanisms.

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;rl965)- However; an initial increase in arterial blood
pressure during breath;hold or breath-hold facial immersion was

not- reported by -those who recorded continuous measures of blood
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preééure (Heiétad et al; 1968; Kawakami et al; 1967). One of

four subjects involved in the invasive trials (DA) showed

odinereasessinssystolic.rand diastolic ‘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  immersion. Both of these

-subjectswere non-responders . to.. breath~hold facial immersion..

~This data-would suggest:=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 (1967) reported initial transient decreases

in blood pressure with both simple breath-hold and breath-hold
facial immersion. These drops in blood pressure were also found

in the invasive breath-hold trials (Figures E, F & 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 dimmersion 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
Eli 1953) as a result of pressure increases withimn -the thorax and

the .abdomen. .(Sharpey-Schaefer, 1965). . A striking part of the

pressure response to.the Valsalva manoceuvre . is a.large decrease .
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in pulse pressure (Korner et al; 1976). This 1is 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
- dmmersion. : In the same studyicardiac index was measured over a 5

s period within the first - .15 s of the manoeuvres. . Values were
..only lower . than ,nopnal resting levels during breath-hold facial
- immersion. As well;'these decreases . could. be accounted for by

simul taneous 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 Tacial

immersions and 5 of 8 exercise facial ﬁmnersions; the pulse
pressure- was decreased. In all but one facial immersion
(resting) these diminished pplse pressures were associated with
a decrease or no change in heart rate. The muscle punp and
_higher 1evels,;of ‘sympathetic and venonotor 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 simultaneous decreases in
heart rate.

The -gradual c¢limb in arterial blood pressure which
follows (Heistad et al; 1968; Kawakani et al; 1967) may be

- partially explained’ as -a vasomotor reflex initiated through
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chenoreceptor stimulation. Heistad and co-workers -(1968)
- demonstrated the role of temperature receptor stimulation iﬁ the
secdﬁdary ‘inétreases 'in "préssure. Both the degree of peripheral
vasoconstriction and the strength of the mean arterial pressure
~response -weré increased with the addition of.facial immersion. in._ . - oo o
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-pulseé préssure.- However, sustained vasoconstriction : e
occurs despite elevated pressure levels. Direct neasures showed
-increases - in mean 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 immersions and
4 of 8 resting facial immersions) or exceeded pretest levels.
"These changes in pulse preSsure are not-necessarily-the result of : e
"increases in venous return with the increased levels of vasomotor
tone. Again; they may reflect increases in stroke volume with S
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 preééure
reached levels ddring the.recovery period of the majority of the
invasive - breath-hold facial immersion trials (both .rest and

exercise conditions) - that were higher than those recorded before



or during the manoeuvres (Figures E; F& G Appendix E). The

study of a similar ©blood pressure response post—releaée 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 Dbaroreceptor wmediated
response - to imcreases - in blood pressure has been considered in
two previous studies. . Heistad et al (1968) used decreases in
heart - rate  during -breath-hold - facial immersion 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 bradycardia-was met-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 exanine the relationship
between increaseg in Dblood pressure and any -simultaneous
decreases in heart rate during breath-hold facial immersion

(Methods Appendix. E).  The results éuggest that; in support of

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

(1968); the arterial baroreceptors did not play a2 major role in
the . production of diving bradycardia. In agreenent; responders
and non-responders. to breath-hold facial immersion did not demon-

.strate differences in the heart rate and blood pressure-responées
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to forced expiration in the present study.
Differences were found between the responders and
non-responders in. the 'systolic and diastolic.. blood pressure
. responses .to . isometric exercise. One possible explanation for
. the systolic response patterns found in the present study (Figure

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

~“better able to "maintain arterial blood pressure -at 'résting

.~ makes it - .difficult -to .. make strong -statememts=- about

olevels s Diastolic blood pressure responses (Figure 9) suggeét

- ~that- this ~was  ~achieved . through peripheral vasodilatation mﬁpdn

release. However, stretches .o0f time without blood pressure

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

~barosensitivity  from the noninvasive findings. The group
differences found with the direct measures (Figures B % C

Appendix E) contradict the noninvasive findings. This may simply

v mere-ee—preflect the-wide within group variability in the - blood pressure

responses (Appendix C) and- the small nuber - of subjeéts

represented by the invasive data.
In the case that the res?onders and non4responders did
~differ in baroreceptor sensitivity; similar heart rate and blbod
pressure responses to the K Valsalva manoeuvre in the two grdups
may be explained two - ways. First; the blood preséure
- 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 etn,al; 1981)
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- showing-the Valsalva manoeuvre to be a reliable index of bérééén;
sitivity. . used a shorter; more . intense manoeuvre and achieved
.zhigher levels of systolic .blood pressure overshoot post-release
(ie. 60.8%4.2 vs 3318 maHg -- direct measures). However, the
mean arterial blood pressure responses during isometric exercise
(systolic 43 iz; diastolic 43 +2 mmHg -~ indirect.. measures) and
during -the. recovery -phase  of the Valsalva manceuvre (mean
arterial -pressure 35% 7 mmHg —- direct measures) .were similar in
~this study. - As well;~pulser'pressure levels from 11 to 45 mmHg
above pretest levels were recorded post-release of the Valsalva
manoeuvre.. Second,..the group. differences in the response to blood
pressure. Jincreases.may. . be-specific to the vasomotor effector
mechanism. Different manoeuvres wused to increase the blood
pressure may call upon different mechanisms to return the blood
pressure to pretest levels.
Direct  measures did not support the theory that
-~ differences in vasomotor responsiveness to arterial pressure - C
changes account fo? the different diving responses found in our
subjects. .The decrease in mean arterial and pﬁlse preésure at
_the initiation of the breath-hold manoceuwvres 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 exercise found in the responders and nom-responders may



be unrelated to the baroreceptor. Subjects were classified based

on their diving bradycardia response to breath-hold faéial

wo-wzrimmersiont . performed— during dynamic exercise. ~~Research has

suggested that the cardiodepressor effect of baroreceptor stimu-
lation is reduced.(heart rate >120 bpn) or eliminated (heart rate

—2.150 . bpm).. during. dynamic exercise (Bristow et al, 1971).

Decreases.in the sensitivity-of this reflex have also been demon—

strated during - isometric exercise (Cunningham et al; 1972).
. “However; . this-change in . :cardiodepressor activity is ..limited: to
the first 10 s of baroreceptor stimulation and is compensated for
~by .more. pronounced..vasonotor .responses.(Ludbrook et al; 1978).

t;ASAwellj Table B (Appendix - E):suggests that ‘the barcreceptor does

not- play a major role- in the heart rate responses to .breath-hold-

facial immersions performed during exercise. 1If this were the
case, .any connection  between the blood -pressure responses to
isonetric handgrip exercise and the -heart rate responses to

~ breath-hold facial - immersion during dynamic exereise would point

to the existence. .of another mechanism which is common to  both

tests.

Increases in the level of central coumand k(Freyéhdés;

Goodwin et al in Perez—Gonzalez;,l981) and chemoreceptor stimula- -

tion of small sensory afferent fibers within the muscle (Rowell
et al, 1981) are thought to be primarily responsible for the
pressor responsesto.. isometric exercise. Any influence of the

absolute. tension _.level. produced or of the duration of the
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http:Decreases.in

exercise trials on ' the blood pressure responses recorded"duriﬁg
this experiment 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 sane
manoeuvre- performed during:rest. This suggesté that different
‘mechanisas are involved:in-the diving bradycardia found in these

- two -conditions. Direct measures showed that the levels of
- increase:rin.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 dincreases in pulse pressure above resting 1levels. The
levels of pulse pressure may reflect changes in end-diastolic
volune. On the other hand, levels of baroreceptor  sensitivity
may be-reduced during the levels of dynaﬁic exercise used in this
experiment (Bristow et al;,1971). Therefore; the level of
involvement of the .arterial and cardiopﬁlmonary baroreceptors in
the heart rate response to breath-hold facial immersion may be

different during rest and exercise conditions.

5.5 Sunmary and Conclusions

Two previous investigations examnined the role of the
baroreceptor in diving bradycardia. The first (Heistad et

”al; 1968)  _reported. that decreases in heart . rate during

105



breath-hold facial immersion were not always‘ precedéd by
increases .in blood pressure.‘mThis is not surpriéing 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 :immersion during rest . and exercise was not

affected by either alpha  or . beta blockers. Cuff measures of

systolic blood pressure provided the.only evidence  that. pressure.

stimuli-were eliminated-by these treatments.

The purpose of the present inveétigation was to compare

measures of baroreceptor -sensitivity in those subjects who demon- .

-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 compared. ~ The only

-differences between responders and non-responders were found in

response to  isometric - exercise. Responders “demonstrated 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 pressﬁre
responses were also different in the two grouﬁs. Too few dia-
stolic measures were recorded over - the #ntttal 25 s of recovery

to compare the response in. the two groups. However, diastolic

measures . taken.zafter  'this -time- period suggested that this
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preséure measure dropped below baseline levels in the reséondefé
upon release of the handgrip. These findings were not supéértéd,
by direct measures taken in two  of the six responders and in two
of the six non-responders.

~Attempts to neasure 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  from forced expiration in the -invasive trials were

unsuccessful. - There were -two reasons for this. First, in a

large nunber of the trials there were too -few bloodmprees&fe“*“*

measures- that were-both higher than those recorded before - the

.test and associated -with an-elongated RR - intervalq Second;'con;

sidering only those trials with the largest nmunber 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- othlier -subjects
to show little or no change in heart rate with breath-hold facial
immersion performed during exercise are not known » While direct
measures suggested that the baroreceptor does not play an ﬁipor4
tant role in diving bradycardia; noninvasive results éuggested
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 cdntinuoué'traées
- of blood pressure; Valsalva manoeuvres performed over a shorter
time period and at a higher expiratory pressure would provide a
better measure of barosensitivity. The use of responders and non-
responders remains_an in;eresfingﬁwwayﬁtovexanine wechanisas = in-

volved in diving bradycardia.
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CONSERT FORBSE

Heart Rzte and Blood Pressure Changes during Resting Facial Imeersion, Facizal
Immersion Combined with Exercise, Forced Expiration ané Isomerric Exercise.

I, : o § , consent to take part in a
student project that will examine the effects cof facial immersion @uring
rest anéd moderate exercise, forced expiration and isometric exercise with =
a handgrip dynamometer on my heart rate and blood pressure. The purpose

of the study is to compare the relationship between heart rate and blood
pressure in those people who demonstrate a strong heart rate response and
those who demonstrate a weak heart response to exercise facial smmersion.

Gina Reid, the principal investigator, has explained to me that three
electrodes will be attached to my chest for the measurement of heart rate.
An experienced physician will insert & fine wire 1 to 2 mmn upstream in an
artery in my arm in order to measure biood pressure. .

The insertion of the wire may result in slight bruising, but this shoulé
disappear in a day or two. I understané that there is z very small risk
of arterial thrombosis (clotting) ané occlusion. This risk is minirmized
by the short durstion of the study ané the use cf an anti-clotting agent,
herapin.

I understand that I can withéraw from this study at any time, even after
signing this form.

Rame (print) Signature Date.

witness (print) Signature 7 Date

I bave explained the nature of the study to the subject and believe he/she
has understood it.

Name (print) Signature Date
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ISOMETRIC EXERCISE - NORIKVASIVI STUDY

Slopes and intercepts for the regressic: lines which
describe the systolic blood pressure response

Duration of the
isometric trial

lmmediately before
release through 25s

26 to 55 s
post-release

Slope Intercept Slope Intercep: Slope Intercept

1.031 4.158 .878 -42.102 - 144 16.043

- 809 8.074 - .333 &44.333 - -

Responders .836 10.368 - 5.000 304.000 .272 - 13.303
<559 7.453 .563 - 15.875 - .128 16.77¢

.332 2.620 .888 - 40.755 1.333 -105.667

. 282 5.293 - L4286 23.246 -036 ~ 1.031

.975 5.058 - 2.250 138.250 -1.453 125.430

) +743 - 6.006 - .500 16.000 435 - 37.413
Non-Responders 1.100 - 5.856 - 1.145 84.565 -~ -
.890 3.284 10.000 -~ 550.667 - .327 30.097

1.027 5.432 ~ .138 15.207 .300 - 17.700

.946 .938 - .554 &3.237 .316 - 22.582

.728 ©21.159 - .211 29.105 - .250 27.500

1.059% - 2.002 - 1.413 93.109 .333 - 27.000

.374 - 4,854 - 1.625 78.750 ~ .394 17.346

.397 18.232 - .507 £5.214 -248 - 14.208

.523 12.798 .931 - 38.052 - .311 22.802

1.956 - <648 - 1.633 132.715 -172 1.699

1.140 16.186 - 1.931 136.615 -~ .185 27.395

.639 3.340 - 1.667 $8.333 .161 - 15.64%

75 6.588 - 1.071 81.357 .333 - £.000

Weak 790 6.684 - 1.167 79.500 -~ 405 34.856

- .633 26.156 - 7.000 425.000 - -

Responders 729 5.629 - 1.436 91.392 . 234 - 11.681
462 10.215 - 731 51.654 =216 - 5.744

.175 13.135 - .393 33.236 - 344 33.973

.908 17.125 - 1.946 129.85% - .283 32.380

1.455 6.523 - 1.679 126.330 - .113 ~ 30.082

767 16.047 - .385 17.679 1.000 -~ 84.000

- 014 479 - ,750 4B .800 - .003 . 3.269

-5.214 102.762 -34.500 1930.500 -055 - 3.715

1.164 3.698 -~ 1.792 1315.747 - .201 26.263

1.566° 6.304 2.250 - 125.917 ~1.654 166.692

.770 5.765 - 1.267 88.786 - .01 8.570

1.313 11.719 - .730 90.697 +505 - 15.280

-880 10.203 - 1.307 99.206 - .276 36.207

.715 11.792 ~ 1.130 81.767 - 045 13.127

$219 8.779 - .579 33.368 .258 - 13.028

+660 8.514 - 1.320 87.415 -527 - 33.810




ISOMETRIC EXERCISE - NOKINVASIVE STUDY

Slopes and intercepts for the regression lines which
describe the disstolic blood pressure response

Duration of the Immediately before 26 to 55 s
isometric trial release through 25s post-release
Slope Intercept Slope Intercept Slope Intercept
.084 22.927 - 1.209 70.837 - 455 40.692
.971 1.445 - - 1.916 -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
. 064 15.705 ~55.000 - 3305.000 ! .13% - 6.8B10
- .597 31.868 2.889 -~ 198.000 - .578 35.191
Non Responders| - .756 64.509 - - - 414 29.753
- .296 36.721 - .934 69.265 - 025 5.727,
- .270 31.749 - - ~ .180 28.692
- 407 38.480 - - - .194 14.456
.936 21.663 - 2.43% 148.339 - 638 - -~ 55.514
.180 8.068 -~ - - -
.582 5.887 - 1.37% 78.353 -.368 29.526
.232 27.837 - - 1.990 ~157.551
L425 18.808 - 1.535 95.192 074 - 7.361
1.476 - 5.114 - 2.741 172.148 - .380 20.045
.803 24.451 - - -4.571 318.571
461 11.959 - - 2341 - 25.050
.597 15.890 - - -3.577 263.731
.998 - 10.868 - - - .164 8.366
- 1.333 84.000 - - b 3.154 -253.615
Weak .302 9.093 - 1.385 71.746 076 - 9.5%%
Responders .533 30.231 - - «390 - 35.733
.302 9.137 - - - 643 46.714
.506 30.880 - 1.727 113.636 1.008 - 67.388
1.241 2.051 2.929 - 191.833 | 1.075 - 96.315
494 14.272 - - - »260 29.915
2122 17.757 - 1.213 74.153 - -
5.750 -~ 101.833 5.500 - 339.500 - -
. 601 21.263 - 1.849 120.196 - .121 &.000
-793 9.425 - - - <671 49.8%0
.268 15.749 - 1.074 68.956 - 077 15.385
.133 17.919 - - ‘ - -
.580 12.389 - - -622 - 49.568
-107 17.498 - 1.250 74.567 - -
<159 19.619 - .333 26.333 «142 - 3.821
416 12.262 - 1.092 65.728 .336 - 29.277
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PRELIMINARY INVASIVE STUDY

1. Methods
1.1 Design

Two responders and two non-responders to breath-hold
facial immersion participated in an invasive study. A catheter
was placed in the brachial artery of the nondominant arm for
direct measurement of arterial blood pressure. Subjects then
repeated two trials each of resting facizal ﬁmnersion; exercise
facial Lmnersion; Valsalva wmanoeuvre and isometric handgrip
exercise. The heart rate; systolic blood pressure and diastolic
blood pressure responses to isometric exercise found in the two
groups were compared 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 examnine
the responsiveness of the RR interval to changes in pﬁlse and

mean arterial pressure in these subjects.

1.2 Direct measurement of arterial blood pressure (Figﬁre 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 Aﬁgiocath
intra-arterial catheter 1 to 2 cm wupstream in the brachial
artery of the subject's nondominant arm. 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 measurement of
arterial blood pressure.
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to the saline solution.

Subjects were seated on an Elema constant workload,CYCle
ergometer (Type EM 370-1, model #314) throughout the testiﬁg
period. The catheterized ara rested on a table at sternal level.
The pressure transducer [ Bell and Howell, model #4-327~1I) was
suspended at the same height as the catheter.

The pressure signalé were anplified with a
Hewlett-Packard carrier amplifier {model #88054A) an& . then
inscribed on a Hewlett-Packard 8 channel series recorder (modél
#7700). A standard sphygmomanometer was used to cdlibrate 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 éressure. The recorder ran at a paper sﬁeed of

10 nm.s T .

1.3 Data analysis

The blood pressure traces recorded during the facial
immersions and during the recovery from forced expiration were

used to examine 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 analyéis
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 wmean 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 regreséion
analysis with the second RR interval following. Regreésions 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

142



requirement was that the blood pressure measure of interest was
at least 5 mmHg above the resting level. The series of measures
used in the calculation of regression coefficients for the
Valsalva aanoeuvres began with the first elongated RR interval
during recovery. All pairs' 0of blood pressure measures and RZ
interval from that point in the trace up to the point where blood
pressure had reached a peak level and then decreased by a valus
greater than 10 mmHg were included. A drop in blood preséure oZ
this size during the first 7 s was ignored if the blood pressure
returned to within 10 mmHg of ths highest value.

Direct measures recorded during the isometric handgris:
trizls were analyzed over the first two time intervals used i=o
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 preésure from baseline
levels. Measures were taken from the blood pressuré traces at
eight points during the isometric exercise and after each 5 s of
recovery. Values for systolic blood pressure; diastolic blood
pressure and RR interval wefe averaged over three consecutive
pulse waves. The- average RR "interal was “then -converted to &
measure of heart rate in beats per wminute. Each dépenden:
variable was again analyzed separately over each time interval
through a repeated measures analysis of variance {BMDPQZV). Ths=
orthogonal option of this statistical program was wused to

identify quadratic conponents of the responses over thesz
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sections of the graphs.
2. Results

Mean wvalues for ©pretest mean arterial pressure were
104 £2 "resting facial immersion) and 100 = 3 {forced expiration)
mmHg. Subjects began the isometric trials with a mean systolic
—-pressure of 126 5 mnHg and a mean diastolic blood préésure of
88 4 nmHg. Mean pretest heart rates recorded during rest were
86 * 5 {isometric exercise), 807 {resting facial immersion) and
841+ 5 (forced expiration) bpn. The steady—state exercise levels
chosen for the noninvasive exercise breath-hold facial immersions
brought heart rates to 128+ 5 bpa and mean arterial pressure to

111+ 3 noHg.

2.1 Resting breath-hold facial immersion {Table A)

The nunber of data pairs from individual trials which net
the criteria for the correlation analyses ranged from 0 to 19
" pulse pressure) and from 0 to 22 {mean arterial pressure).
Correlation coeffiéients 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 preésure
significantly related (p(.OS) to the increase in the second RR

interval following.
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TABLE A

BREATH~HOLD FACIAL IMMERSION PERFORMED DURING REST - INVASIVE STUDY

Regression and correlation coefficients for the degree of change

mmHg increase in mean arterial pressure (B.)

in RR interval (msec) per mmHg increase in pulse pressure (A.) and per

TRIAL # 1 TRIAL # 2
¥ of regregsion | correlation | significance F of regression | correlation significance
data coefficlent| coefficlent level data coefficient| coefficient level
points polnte
Renponders Subject
to t3 5 5.2 .57 N.S. 11 12.1 .41 N.S.
breath-hold )
facial Subject
immersion t 4 0 - - - 0 - - -
A
Subject
7 0 - - - 3 0 0 N.S.
Non-
Respondars Subject
139 15 4.4 46 N.S. 19 1.7 .22 N.S.
Subject
t3 4 10.0 .67 N.S. 7 11.8 .37 N.S.
Responders
Sub ject
? 4 22 5.3 66 *krp. 001 0 - - -
B
Subject
#37 12 13.2 242 N.S. 19 21.4 .45 N.S.
Non~
Responders Subject '
‘39 15 - 2-7 - 17 N.8. 20 ‘!l 070 t"p(.OOl

Syl



2.2 Breath-hold facial immersion performed ddring exercise

(Table B)

Between 0 and 15 (pulse pressure) or O and 12 (mean
arterial pressure) data pairs were available for the correlation
. analyses. Data from 7 of 8 facial immersions performed during
exercise ~did “not demonstrate 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 from individual trails of the
Valsalva manoeuvre met the criteria set for the analysis of the
influence of pulse pressure on the RR interval (see Methodé).
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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TABLE B

BREATH-HOLD FACIAL IMMERSION PERFORMED DURING EXERCISE - INVASIVE STUDY

Regression and correlation coefficlenta for the degree of change

mmllg increase in mean arterial pressure (B.)

in RR interval (msec) per mmlig Increase in pulse pressure (A.) and per

TRIAL # 1 TRIAL # 2
¥ of regression | correlation | significance | ¥ of regression | correlation | significance
data coefficient| coefficient level data coefficient] coefficient level
points pointa
Responders Subject
to 13 7 34. .82 *p<.05 15 -32.8 ~.49 N.S.
breath-hold
faclal Subject
immersion t 4 9 9.7 .62 N.S. 12 6.2 .49 N.S.
Subject
#37 0 - - - 0 - - -
Non-
Responders Subject
439 8 L= 1.4 -.14 N.S 7 7.0 .72 N.S.
Subject
[ 7 12.1 .81 *p< .05 k] ~46.7 -.97 N.S,
Responders
Subject
fé 9 16.2 + 64 N.S. 12 11.4 +78 n«p(-OOl
Subject
137 0 ~ - - 4 0 .000 N.S.
Non-
Responders Sub ject
'39 8 600 -29 N.§. 7 - 3-1 "040 N'Sc

L9l



VALSALVA MANOEUVRE - INVASIVE STUDY

TABLE C

Regression and correlation coefficients for the degree of change

in RR interval (msec) per mmlig increase in pulse pressure (A.) and per
mmHg increase in mean arterial pressure (B.)

TRIAL # 1 TRIAL # 2
¥ of regression corvelation significance T of regression correlation significance
data coefficlent]| coefficlent level data coefficlent| coefficient level
points pointe
Responders Subject
to 13 8 - 6.9 - .20 N.S 8 3.0 .15 N.S.
breath-hold
facial Subject .
immersion fa k) -13.6 - .93 N.S. 4 -5.8 -.51 N.S.
Sub ject
7 7 12.2 .68 N.S. 6 13.8 .68 N.S.
Non~
Responders Sub Ject
9 3 1.3 .30 N.S. 4 7.5 .58 N.S.
Subject
13 6 28.5 .71 N.S. 8 3.7 .29 N.S.
Responders
Subject
f4 3 34.2 .86 N.S. 9 -5.2 -.14 N.S.
Subject
137 5 - 8.8 -e53 N.S. [ -10.6 -.33 N.S.
Non~ 9
Responders Sub ject
: 139 k| 3.3 +53 N.S. 4 10. .21 N.S.

8%1



Over each time interval these measures demonstrated a sigﬁificént
(p<.05) 1linear change over time. In addition; significant
(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
tine.

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 examined during isometric
exercise (Figure B). This was indicated through a significant
group effect (F[1;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 respoﬁders
(Figure C). A marginal group effect (F[1;2]=l6.84; 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 prétest levels may be found to be higher in the
responders over the initial 25 s of recovery. Ko differences
were found between responders and non-responders in the heart

rate response to isometric exercise.
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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 immersion (analysis of variance --
group -effect p<{.05, time/group interaction N.S.).
However, recovery values were not different in the two
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 isometric handgrip exercise. These values
were higher in the responders than in the
non-responders to breath-hold facial immersion during
the isometric trials (analysis of wvariance --— group
effect p<.05, time/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

Figure

Figure

Figure

The ©brachial arterial pressure reéponse to forced
expiration in subject DA (non-responder).

- The brachial arterial preésure response to breath-

hold facial immersion performed during rest in subject
DA (non~-responder). -

The brachial arterial pressure response to breath-hold
facial immersion performed during =mild steady-state
cycling in subject DM (non-responder).

The brachial arterial pressure response tO'breathéhold
facial immersion performed during wmild steady-state
cycling in subject BL (responder).
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