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Summary

The ability of the cardiovascular system to quickly and efficiently adapt to an

orthostatic stress is vital for the human body to function on earth. The way in which the

various aspects of the cardiovascular system work together to counteract an orthostatic

stress has been previously quantified in the adult population. However, there are still

many unknowns surrounding the topic of how the cardiovascular system functions to

cope with this same stress in children. The purpose of this study was to describe the

cardiovascular hemodynamic adaptations to various levels of orthostatic stress induced

using a lower body negative pressure (LBNP) chamber in pre-pubertal boys. A secondary

purpose was to determine indices of baroreceptor sensitivity (BRS) at both rest and

during low levels of LBNP in this same pediatric sample. Finally, this study aimed to

compare the relative responses to LBNP between the children and adults. To complete

the study 20 healthy pre-pubertal boys and adult males (9.3 ±1.1 and 23 ± 1 .8 years of

age respectively) were recruited and randomly exposed to three levels of LBNP ( 1 5, 20

and 25 mmHg). At rest and during the application of the LBNP heart rate (HR), manual

and beat-by-beat systolic (SBP), diastolic (DBP) and mean arterial blood pressure (MAP)

were monitored continuously. Aortic diameter was measured at rest and peak aortic blood

velocity (PV) was recorded continuously for at least 1 minute during each baseline and

LBNP condition. From the raw data HR, stroke volume (SV), cardiac output (Q), total

peripheral resistance (TPR), low frequency baroreceptor sensitivity (LF BRS), high

frequency baroreceptor sensitivity (HF BRS) and LF/HF ratio were calculated. At rest,

HR was higher and SBP, SV, Q and LF/HF ratio were lower in the children compared to

the adult males (p<0.O5). In response to the increasing LBNP HR and TPR increased, and





LF BRS, SV and Q decreased in the adult group (p<0.O5), while the same levels of LBNP

caused an increase in TPR and a decrease in SBP, SV and Q in the children (p<0.05).

Although not significant, the LF/HF ratio in the adult group showed an increasing trend

in response to increased negative pressure (p=0.088). As for resting BRS, there were no

significant differences in LF or HF BRS between the children and the adults despite a

tendency for both measures to be 18% lower in the children. Also the LF/HF ratio was

almost significantly greater in the adults compared to the children (p=0.057). In addition,

a comparison between the relative adult and child responses to LBNP yielded no

significant group by level interactions. This result should be taken with caution though,

as the low sample size and high measurement variability generated very low statistical

power for this analysis. In conclusion, the results of this study suggest that the

hemodynamic adaptations to an orthostatic stress were less pronounced in the pre-

pubertal males, most likely due to an underdeveloped autonomic system. These results

need to be strengthened by further research before any implications can be derived for

health care purposes.
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Chapter 1.0 - Introduction

1.1 Introduction

An orthostatic stress can be defined as the stress placed on the body by gravity

when a person moves from a supine to standing position. This stimulus is relevant to

human beings, as the body deals with orthostasis on a daily basis. Since this stimulus is

highly prevalent in every day life, it is important to fully understand how the body adapts

to it. In the healthy adult, the musculo-skeletal, circulatory and neurological systems

work together to maintain blood pressure and prevent negative symptoms such as

syncope upon standing. Presently there is a fairly large base of research focusing on how

the adult body adjusts to orthostasis, but much less research has been generated on this

topic in the pediatric population. However, because there are differences between the

physiologies of adults and children, it is not practical to use adult data to evaluate how

children adjust to an orthostatic stimulus. Some research stating the hemodynamic

responses of children to an active orthostatic stress is present in the literature, but most of

these studies focus merely on blood pressure and heart rate changes and do not attempt to

describe blood flow or baroreceptor sensitivity during orthostasis {Tanaka et al. 1994b,

Yamanouchi et al. 1996, Yeragani et al. 1994). Others which have measured baroreceptor

sensitivity in children have focused only on the resting conditions and have produced

conflicting results (Lenard et al. 2004, Tank et al. 2000). To date, little research

comparing the adult to the prepubertal child response to orthostasis exists, but from this

limited research it has been suggested that an orthostatic stress may evoke different

responses in children compared to adults as a result of an autonomic system that is not
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fully developed within the children (Lenard et al. 2004, Dietrich et al. 2006, Yamanouchi

et al. 1996, Yeragani et al. 1994). This lack of knowledge in the pediatric population is of

some concern, as it has been shown that children and adolescents are typically more

susceptible than adults to episodes of syncope (Stewart 2002). In order to extend pediatric

orthostatic research to explain various childhood health issues, such as orthostatic

intolerance, it is important to outline how the body adjusts to the same stimulus in a

healthy pediatric population. Filling in the gap of how a healthy child adapts to an

orthostatic stress is necessary in order to begin to generate a strong knowledge base that

can be applied to various patient populations that struggle with orthostatic intolerance.

1.2 Objectives

Presently, little research has been generated focusing on the hemodynamic

adaptations in children during an orthostatic stress. Therefore, the overall purpose of the

present study is to begin to build a knowledge base describing how the cardiovascular

system adapts to graded levels of orthostatic stress induced by lower body negative

pressure (LBNP) in pre-pubertal males. More specifically, the objectives of the study

include: 1 ) To describe the hemodynamic responses that occur in healthy pre-pubertal

children when exposed to varying levels of LBNP 2) To determine measures of

baroreflex sensitivity in pre-pubertal children at rest and during orthostatic stress, and 3)

To compare the responses to LBNP between the child and adult groups.
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1.3 Hypothesis

It is hypothesized that upon application of increasing levels of LBNP the

cardiovascular measures of the both the adult and child groups will show similar

directional changes to that previously documented in adult orthostatic research using

LBNP. Consequently, at low levels of orthostatic stress, it is hypothesized that there will

be little to no response in the measured cardiovascular variables in both children and

adults. However, at higher levels of orthostatic stress, stroke volume (SV) and cardiac

output (Q) will decrease whereas heart rate (HR) and total peripheral resistance (TPR)

will increase in both children and adults. Nonetheless, it is hypothesized that these

changes will be attenuated in children compared to the adult population. It is also

hypothesized that children will have lower resting measures of baroreceptor sensitivity

(BRS) than the adults and that the decrease in BRS typically seen in adults in response to

an orthostatic stress will be attenuated in the child group.

1.4 Significance of research

This proposed study is unique as it is the first to quantify heart rate, blood

pressure, cardiac output, stroke volume, total peripheral resistance and baroreflex

sensitivity in children in response to graded levels of increasing orthostasis induced by

LBNP.

As for the results of the proposed study, they are important in that they will begin

to develop a knowledge base regarding the various cardiovascular adaptations that occur

in children in response to orthostasis. As well, this study will provide insight on how the

child's cardiovascular and autonomic systems compare with that of the adult's. This
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knowledge has important implications to the scientific community and health care

professionals. Within the scientific community, the results of this study can be used as an

important stepping stone, providing initial physiological information regarding

cardiovascular function in developing children. These physiological findings will open up

many new research opportunities, such as examining the effects of childhood health

issues such as diabetes, obesity or a sedentary lifestyle on the young body's ability to

adapt to an orthostatic stress.

Within the health care profession, the results of this research could potentially

begin to establish reference values for the pediatric population in terms of the

cardiovascular response, as well as baroreceptor function. These reference values will

have positive implications in the health care profession as they will provide a reference

point for comparison when dealing with children prone to syncope, lightheadedness or

other health issues related to orthostatic intolerance.
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Chapter 2.0 - Review of Literature

2.1 Normal cardiovascularfunctioning

All aspects of the cardiovascular system are regulated within a very small

functional range. The ability of each component of the cardiovascular system to maintain

a tight oscillation around a set point is vital for the survival of the human body, as it is

constantly being faced with internal and external stimuli that challenge the system. This

highly regulated system allows the cardiovascular system to adapt to most external and

internal changes without straying too far from its internal homeostasis. If the ability to

maintain any aspect of the cardiovascular system within a healthy range is compromised,

the result could be fatal.

Several mechanisms in the body, such as the baroreflexes, chemoreflexes and

stretch reflexes, interact together to help maintain this homeostasis. Although there are

many mechanisms working together to maintain this homeostatic operating level, the

interaction of baroreceptors and the autonomic nervous system play one of the largest

roles in the quick adaptation of the cardiovascular system (Berne and Levy 1997).

2.1.1 Autonomic nervous system

The autonomic nervous system is comprised of two separate branches, the

parasympathetic branch and the sympathetic branch. These branches generally work

antagonistically to control both the heart and vasculature (Berne and Levy 1997).

Specifically, each of these branches has a very important role in controlling blood

pressure and heart rate (HR) on a bcat-by-bcat basis. The parasympathetic nervous
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system is fast acting and has the ability to vary HR and blood pressure very quickly,

whereas the sympathetic nervous system is slow acting and adjusts HR and blood

pressure at a slower pace (Berntson et al. 1997, Eckberg 2000). The varying speed in

which each branch of the autonomic nervous system adjusts the cardiovascular system

creates HR and blood pressure fluctuations that occur at different frequencies. Nerve

activation from the parasympathetic system is known to result in high frequency

fluctuations (HF: 0.15Hz-0.4Hz) of the HR, whereas low frequency fluctuations (LF:

0.04Hz-0. 1 5Hz) of the same variables are representative of both sympathetic and

parasympathetic nerve activation (Berntson et al. 1997, Eckberg 2000). Through modern

non-invasive beat-by-beat HR and blood pressure equipment, these fluctuations can

easily be recorded and quantified.

Although the branches of the autonomic nervous system innervate similar

structures, the effects on those structures are most often opposing. When looking at the

cardiovascular system, stimulation of the parasympathetic branch of the nervous system

is known to decrease HR and myocardial contractility, while inducing minimal

vasodilation. Conversely, stimulation of the sympathetic nervous system typically

functions to increase HR and myocardial contractility and induce vasoconstriction (Berne

and Levy 1997). Activation of each nervous system is often dependant on feedback

originating from structures such as mechanical and chemical sensors, located throughout

the cardiovascular system. These sensors interact with the autonomic nervous system and

provide feedback for maintaining homeostasis. The feedback signals either activate or de-

activate either the parasympathetic or sympathetic branch in order to compensate for any

cardiovascular changes that may occur in response to an internal or external stimulus
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(Berne and Levy 1997). In particular, baroreceptors are pressure sensors that play an

important role in regulating the autonomic nerve activation within the cardiovascular

system.

2.1.2 Baroreceptors

Baroreceptors are mechanosensitive nerve endings, which have the ability to

sense even slight pressure changes occurring in the structures they are contained in

(Berne and Levy 1997, Chapleau et al. 2001). More specifically, these mechanosensitive

nerve endings present in the heart, pulmonary circulation, carotid sinus and the aortic

arch are constantly discharging afferent signals to the central nervous system. The

frequency of the transmission is dependant on the pressure and stretch that is being

imposed on the heart or vessel in which the baroreceptor is located (Sunagawa et al.

2001). In turn, depending on the frequency of transmission the parasympathetic or

sympathetic nervous system is activated or withdrawn. For example, at greater pressures

or increased stretch in the heart or vessels, the frequency of the afferent signals

transmitted from the nerve endings to the medulla oblongata increases (Chapleau et al.

2001). This in-tum results in the activation of the parasympathetic and the inhibition of

the sympathetic nervous system. As a result, heart rate and myocardial contractility will

decline and the blood vessels will vasodilate, causing a decrease in cardiac output, a

decline in blood pressure, and ultimately reducing transmural stretch and pressure (Berne

and Levy 1997, Sunagawa et al. 2001). Upon a decrease in the transmural pressure or

stretch of the heart or vessels containing baroreceptors, the frequency of the afferent

signals transmitted from the nerve endings to the medulla oblongata decreases. This
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creates an efferent sympathetic nerve activation and parasympathetic nerve inhibition. As

a result, the heart rate and myocardial contractility increase and the blood vessels

vasoconstrict, causing an increase in cardiac output and blood pressure and ultimately

increasing transmural stretch and pressure (Berne and Levy 1997, Sunagawa et al. 2001).

This automatic reaction to a change in transmural pressure or stretch is called the

baroreflex (Berne and Levy 1997).

Although the function of the baroreceptors is to maintain blood pressure within a

healthy range, there are two different types of baroreceptors present in the cardiovascular

system, the cardiopulmonary and arterial. These separate classes of baroreceptors each

have a specific and unique role in maintaining homeostasis.

Cardiopulmonary or low-pressure baroreceptors are located in the atria, ventricles

and pulmonary arteries and veins. The function of these receptors is to adjust the

frequency of their firing in accordance with any pressure changes within the walls of the

heart or pulmonary vessels. Specifically, these baroreceptors are sensitive to changes in

central venous pressure and have been shown to influence peripheral vasoconstriction of

the skin and skeletal muscles upon these changes (Abboud et al. 1979, Johnson et al.

1974, Thompson et al. 1991, Zoller et al. 1972). Research where central venous pressure

is externally manipulated, demonstrates how the cardiopulmonary baroreceptors

counteract a fall in central venous pressure. Using a methodology that combines both

lower body negative pressure (LBNP) and neck suction, Abboud et al. (1979) isolated the

cardiopulmonary baroreceptor response to a decline in central venous pressure. In

response to the application of LBNP central venous pressure decreased, along with

forearm and splanchnic blood flow. As well, an increased vascular resistance in both
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regions accompanied the decrease in blood flow. However when neck suction was

applied to stimulate the carotid baroreceptors, the decrease in splanchnic blood flow and

increase in splanchnic vascular resistance was attenuated, while the forearm vascular

resistance remained elevated. This finding supports an earlier finding by Johnson et al.

(1974) that demonstrated an increase in forearm vascular resistance and decrease in

forearm blood flow, without subsequent changes in heart rate or aortic pulse pressure, in

response to the application of low levels of LBNP. These unique cardiovascular

adaptations were attributed to the deactivation of the cardiopulmonary baroreceptors

(Figure 2.1.1).

Through evidence derived from past research, a mechanism describing how the

cardiopulmonary baroreceptors function has been developed. The proposed mechanism

suggests that upon a decline in central venous pressure, the frequency of firing in the

nerve endings of the cardiopulmonary baroreceptors is decreased. This decrease in the

transmission of the afferent signals to the medulla oblongata creates an increase in

sympathetic activation and withdrawal of the parasympathetic nervous system. This

alteration in the autonomic stimulation causes vasoconstriction in the periphery, thus

counteracting the decline in central venous pressure, ventricular filling pressure and

cardiac output (Abboud et al. 1979, Johnson et al. 1974, Thompson et al. 1991, Zoller et

al. 1972).

Arterial or high-pressure baroreceptors are located in both the carotid sinus and

the aortic arch. These baroreceptors work in a similar fashion as the cardiopulmonary

baroreceptors. However unlike the cardiopulmonary baroreceptors, deactivation of the

arterial baroreceptors counteract lowered arterial blood pressure through vasoconstriction
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of the splanchnic region and increased heart rate, via an increase in sympathetic and

withdrawal of parasympathetic nerve activation (Abboud et al. 1979, Chapleau et al.

2001, Johnson et al. 1974). Upon a decline in arterial pressure in either the carotid sinus

or aortic arch, the stretch on the vessel wall decreases proportionally. Like the

cardiopulmonary baroreflex, this decrease in transmural pressure and stretch causes a

decrease in the signal frequency being transmitted from the nerve endings to the medulla

oblongata. As the signals to the medulla oblongata decline, the sympathetic nervous

system is activated. The sympathetic nerve activation is then directed to the heart and

splanchnic region, speeding the heart rate and vasoconstricting the splanchnic region.

Similar to the cardiopulmonary baroreceptors, this response is a classic negative feedback

system, so once the blood pressure increases to a hypertensive state, the opposite will

happen {Chapleau et al. 2001). Research inducing both LBNP and neck suction has

supported the theory that arterial baroreceptors are primarily responsible for the

vasoconstriction of the splanchnic region and have a minimal effect on the peripheral

vasculature {Abboud et al. 1979, Johnson et al. 1974, Thompson et al. 1991) (Figure

2. 1 . 1 ). Although there is extensive research focusing on the function of both

cardiopulmonary and arterial baroreceptors in the adult population, no research

describing how these baroreceptors function presently exists in the child population.
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Baroreceptor Function

Cardiopulmonary Arterial baroreceptor

baroreceptor unloading unloading

J, Afferent firing ^Afferent firing

frequency frequency

* l t *
I Efferent sympathetic nerve Efferent sympathetic nerve

activation activation and
parasympathetic withdrawal

Peripheral I Heart Rate and Central

vasoconstriction vasoconstriction

Figure 2.1.1: Cardiopulmonary and arterial baroreceptor function (Developed from:

Abboud et al. 1979, Gabrielsen et al. 1996, Johnson et al. 1974,

Thompson et al. 1991, and Zoller et al 1972).

2. 1.3 Baroreceptor sensitivity in adults

The baroreflex is the fastest and most effective blood pressure buffering

mechanism present in the human cardiovascular system. The more efficiently these

receptors can respond and adjust to any change in pressure, the more sensitive they are

said to be. Although both cardiopulmonary and arterial baroreceptors have individual

measurements of baroreceptor sensitivity (BRS), in research BRS is typically measured

in the arterial baroreceptors as it is the most easily and accurately determined. Arterial

BRS can be defined as the amount of HR change for a given change in systolic blood

pressure (SBP) (Gerritsen et al. 2000).

There are a number of methodologies used to quantify arterial BRS, with the most

traditional involving vasoactive drugs such as phenylephrine. This invasive technique
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creates an increase in SBP, allowing for a HR response to be analyzed (La Rovere et al.

1998). With current technology, a non-invasive technique for measuring BRS is now

possible. This technique involves simultaneous beat-by-beat recordings of blood pressure

and HR, allowing the observer to quantify the spontaneous fluctuations using sequential

or spectral analysis (Rudiger and Bald 2001). When comparing the sequence and spectral

techniques for calculating BRS, it has been shown that although the spectral technique

typically produces slightly higher results, the results of both techniques are highly

correlated with each other (Rudiger and Bald 2001).

The baroreflex is a vital mechanism in maintaining blood pressure homeostasis. It

is for this reason that a large number of studies have focused on quantifying the BRS in

various diseased and healthy populations. Through these studies it has been shown that a

decline in supine BRS is correlated with higher morbidity and mortality, especially in

those with diabetes or a pre-existing cardiovascular disease, such as hypertension or

myocardial infarction (Ditto and France 1990, Gerritsen et al. 2001, La Rovere et al.

1998). With higher mortality and morbidity rates among those with lower BRS,

investigating the determinants of BRS has become an important topic in cardiovascular

research. Factors such as sex, age, arterial compliance and race have been shown to

influence BRS (Gerritsen et al. 2000, Kardos et al. 2001, Laitinen et al. 1998, Monahan

et al. 2001, Tank et al. 2000, Zion et al. 2003). In adult studies including participants

older than 20 years of age, age has been found to be negatively correlated with BRS

(Gerritsen et al. 2000, Kardos et al. 2001, Laitinen et al. 1998, Monahan et al. 2001.

Tank et al. 2000). A decline in arterial compliance has been suggested to be a primary

mechanism for the declining BRS experienced with increasing age (Monahan et al.
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2001). This theory was supported through a recent study by Monahan et al. (2001). This

study found that as age increased, both arterial compliance and BRS decreased together,

but when the decline in arterial compliance was slowed as a result of exercise training,

the age-related decline in BRS was blunted.

Along with age, race has also been shown to be associated with baroreceptor

function, with African-Americans demonstrating significantly lower BRS compared to

their Caucasian counterparts (Zion et al. 2003). Zion et al. (2003) explained that the

difference between the two races was likely due to the lower measurements of arterial

compliance found in their group of male African-Americans.

The effect of gender on baroreceptor function is a bit more controversial than the

previously discussed determinants. Some research states that there is no gender difference

present in BRS (Tank et al. 2000), whereas others have suggested otherwise (Kardos et

al. 2001, Laitinen et al. 1998). Kardos et al. (2001) and Laitinen et al. (1998) found that

under the age of 50, BRS tended to be greater in men. However over the age of 60, it was

the women who tended to have greater BRS. It is unknown what the cause of these

conflicting results is, but it is possible that other factors affecting BRS, such as physical

activity and fitness levels were not well controlled for in some of the study samples.

Other factors, such as cardiovascular disease, have also been shown to affect

BRS, with research suggesting that lowered BRS is present in those suffering from

hypertension, have direct relatives with hypertension or have previously experienced a

myocardial infarction (Ditto and France 1990, La Rovere et al. 1998). Unfortunately,

determinants of BRS have only been extensively studied in the adult population.
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Presently, little research discussing how factors such as age, gender, race and maturation

affect BRS in younger populations has been generated.

2.1.4 Resting baroreceptor sensitivity in children

Through literature following the development of various species of animals, it is

suggested that baroreflex function differs throughout different stages of early

development (Shimizu 1999, Shinebourne et al. 1972). One study following fetal lambs

from the age of 85 days to 145 days, found that baroreflex activity in fetal lambs was

lower earlier in development and increased with increasing age and maturation

(Shinebourne et al. 1972). A later study following the development of rats and rabbits

confirmed the Findings of Shinebourne et al. (1972). This study found that the aortic

baroreflex was slower and there was an attenuated HR response to an increase in arterial

pressure in the young rats and rabbits when compared to their more mature counterparts

(Shimizu 1999). Although these studies are not completely indicative of the ontogenesis

of the baroreflex in the human population, they do suggest that simply applying the adult

findings to children may be misleading.

Presently, only the effect of age on resting BRS within the developing child has

received attention in research. Unfortunately, the research is still quite contradictory, with

some finding that BRS is highest during childhood compared with adolescence and

adulthood (Piccirillo et al. 2001, Tank et al. 2000), while others found it to be lower

during early childhood and eventually peaking during adolescence (Figure 2.1.1) (Lenard

et al. 2004). This contradictory information could be the result of varying methodologies,

specifically the division of the age groups. The youngest age group in both Tank et al.
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(2000) and Piccirillo et al. (2001), included participants that spanned all spectrums of

maturational development, whereas Lenard et al. (2004) created age groups consisting of

very small age ranges. The wide variance in age distribution within groups between these

studies could result in a difference in mean maturational development. If what has been

suggested in the previously mentioned animal studies is true for the human population, a

large difference in maturational development would have a significant effect on the

outcome measurement of child BRS (Shimizu 1999, Shinebourne et al. 1972).

A recent study done by Dietrich et al. (2006) was one of the first studies to

attempt to quantify a number of resting BRS determinants in children. Using a group of

10-13 year old children, it was found that girls tended to have lower BRS than boys.

Body mass index was found to negatively correlate with BRS only among obese children

and no effect for pubertal status or physical activity on resting BRS was found in this

paediatric population (Dietrich et al. 2006). In addition to factors such as age, gender and

obesity, a possible familial link to BRS has been suggested among children with

hypertensive parents or siblings. Research has suggested that these children have a

tendency to have higher sympathetic nerve activation when compared with a control

group (Ditto and France 1990, McCrory et al. 1982). Since sympathetic nerve activation

is not parallel to BRS, it can not be simply concluded that their BRS is altered, but it can

be concluded that some autonomic dysfunction may be present in children with a familial

link to hypertension. Measuring baroreceptor responsiveness during the application of an

orthostatic stress in children could provide more insight into how the baroreceptors

function and the potential factors affecting BRS.
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Figure 2.1.2: Baroreceptor sensitivity development from childhood to adulthood. LFgain:

Low frequency baroreceptor sensitivity (Lenard el al. 2004).

2.2 Orthostatic stress

An orthostatic stress is a term describing the gravitational shift of plasma volume

towards the lower extremities that occurs when one moves from a supine to standing

position (Benditt el al. 2004). The following section will discuss how both the child and

adult body adapts to this external stimulus.

2.2.1 Adaptations to orthostatic stress in adults

When the body is subjected to an orthostatic stress, the gravitational forces on the

body cause a significant shift in plasma volume from the center of the body to the

periphery. This gravitational shift creates a significant decline in central venous pressure.

The declining central venous pressure results in lowered ventricular filling pressure and
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ultimately a decline in stroke volume {Benditt et al. 2004). Compensatory mechanisms

are required to counteract the decline in stroke volume (SV) in order to prevent a

significant decrease in mean arterial pressure (MAP) (Benditt et al. 2004, Gabrielsen et

al. 1996). Upon active standing, the contraction of skeletal muscles plays a large role in

maintaining central venous pressure and ventricular filling. Contraction of the skeletal

muscles causes compression in the deep veins, thus preventing excessive redistribution of

blood to the lower extremities (Smith and Porth 1991). Along with the skeletal muscle

pump, the baroreceptors also play a vital role in counteracting an applied orthostatic

stress. This role becomes increasingly important during passive orthostasis, as the

skeletal muscle pump is not activated. As the central venous pressure declines in response

to a mild passive orthostatic stress, an initial decline in the transmural pressure of both

the heart and pulmonary circulation occurs. This creates a decrease in the

cardiopulmonary baroreceptor firing frequency, thus creating an increase in peripheral

vascular resistance, partially counteracting the drop in central venous pressure (Abboud et

al. 1979, Gabrielsen et al. 1996, Johnson et al. 1974, Thompson et al. 1991, Zoller et al.

1972). As the level of passive orthostatic stress increases, the cardiopulmonary baroreflex

is unable to compensate sufficiently. This in-turn creates a decrease in arterial transmural

pressure and a decline in the arterial baroreceptor firing frequency. As the firing

frequency decreases so does parasympathetic nerve activity, while sympathetic nerve

activation increases. These changes in nerve activity result in an increase in HR and

vasoconstriction of the splanchnic region, in turn maintaining mean arterial pressure

(MAP) (Abboud et al. 1979, Chapleau et al. 2001, Gabrielsen et al. 1996, Johnson et al.

1974).
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Typically during an orthostatic stress, cardiac output (Q), stroke volume (SV),

central venous pressure, forearm blood flow and BRS decline, while sympathetic nerve

activity, HR and total peripheral resistance (TPR) increase {Abboud et al. 1979,

Gabrielsen et al. 1996, Jacobsen et al. 1993, Johnson et al. 1974, Steinback et al. 2005).

In general, all healthy humans adapt to an orthostatic stress in a similar manner.

However, the level of response may vary between individuals. Factors such as race can

influence how the body responds to an orthostatic stress {Franke et al. 2004). A study

done by Franke et al. (2004) concluded that although black and white males had the

physiological capability to adapt to the same level of orthostatic stress, changes in HR

variability, Q and TPR differed between the two populations, demonstrating variations in

orthostatic adaptation. Age is also thought to affect the physiological responses to an

orthostatic stress without significantly affecting total orthostatic tolerance {Taylor et al.

1992, Tsutsui et al. 2002). Research supports that although elderly participants have a

lower baseline value and decline in BRS, a lower decline in SV, along with a lower

increase in HR during an orthostatic stress than the younger participants, both groups

were able to tolerate similar levels of orthostatic stress {Taylor et al. 1992, Tsutsui et al.

2002). Unfortunately, little information currently exists regarding potential differences in

cardiovascular adaptations to an orthostatic stress between younger children and adults.

2.2.2 Adaptations to orthostatic stress in children

Research defining the cardiovascular adaptations that occur in response to an

orthostatic stress in children and how they compare to adults is very limited. In particular,

a lack of research describing the contribution of baroreceptor activity (cardiopulmonary
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and arterial) to orthostatic tolerance in children currently exists. Determining how the

child's cardiovascular system adapts to an orthostatic stress is important, as previous

literature has suggested that children and adolescents tend to have an increased

susceptibility to orthostatic intolerance compared to adults (Lewis et al. 1997, Stewart

2002). Presently, most of the research that does exist focuses on changes in blood

pressure and HR during active standing. Some research has suggested that upon active

standing children tend to have a lower HR rise than adolescents and adults (Yamaguchi et

al. 1996, Yamanaka and Honma 2006). This attenuated HR response has been suggested

to be due to an immature parasympathetic nerve system prior to early adulthood

(Yamanaka and Honma 2006). A study done by Srinivasan et al (2002) comparing

supine and standing HR variability between children, young adults and elderly humans

found that HR variability was greatest in the young adults followed by children and

lowest in the elderly population. Although the difference between the young adults and

the children was not significant, likely due to an insufficient sample size, it suggests that

children may have an attenuated autonomic response to orthostatic stress when compared

to young adults.

Dietrich et al. (2006) is presently one of the few studies to quantify BRS during a

postural change. This study concluded that BRS in a pre-adolescent and adolescent

population decreased significantly when moving from a supine to standing position.

Although no differences in BRS between the two study samples were noted in the supine

position, during active standing BRS decreased to a greater extent in the adolescent

population when compared to the pre-adolescent population. This suggests a greater
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dynamic autonomic adaptation to orthostatic stress in the adolescent population compared

with the pre-adolescent population (Dietrich et al. 2006).

Along with age, research has shown that race may also affect adaptation to an

orthostatic stress in children {Tanaka et al. 1994b). In a study comparing Swedish and

Japanese children, it was found that Swedish children experienced a greater initial blood

pressure drop and a higher HR response upon standing than the Japanese children

{Tanaka et al. 1994b). In light of the lack of research and high prevalence of inconclusive

results surrounding this topic, it is clear that more research is necessary to fully

understand the hemodynamic adaptations of children to both an active and passive

orthostatic stress.

2.3 Methodology used to induce orthostatic stress

Typically, in both the clinical and research setting, three different methodologies

are used to induce an orthostatic stress on the body including active standing, head-up tilt

and LBNP. Although each methodology is used to produce essentially the same affect,

each has a slightly different effect on the cardiovascular system. In the following section

the most relevant topics associated with these methods and their advantages and

disadvantages will be discussed.

2.3.1 Active standing

Active standing, just as the name suggests, requires the participant to move from a

supine or sitting position to a standing position on their own volition. Upon actively

standing, skeletal muscles are recruited causing compression of the deep veins in the
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lower periphery (Smith and Porth 1991). This action helps to counteract the drastic

decline in central venous pressure that would occur in response to an unabated orthostatic

stress. The skeletal muscle is so effective in counteracting the drop in central venous

pressure that there is actually an initial spike in both SBP and diastolic blood pressure

(DBP) upon standing. Eventually, after a minute of standing both SBP and DBP will

decrease, but they will still remain slightly elevated compared to rest (Constant et al

1998). Upon standing, the HR adapts in a similar manner as the blood pressure response,

with an initial spike in the first seconds of standing followed by a decline where it hits a

steady state slightly higher than the resting value (Constant et al. 1998, Yamaguchi et al.

1996, Yamanaka and Honma 2006). Since it is both easy and relatively safe to

administer, it is this methodology which has most often been used in past studies

quantifying how children adapt to an orthostatic stress. However, additional

measurements, such as blood flow become difficult due to subject movement.

2.3.2 Head-up tilt

Another technique frequently used to induce an orthostatic stress is head-up tilt

(HUT). HUT testing involves bringing a subject to various degrees of upright positions

and maintaining that position for an extended period of time using a specialized tilt table.

This methodology is most frequently used to help explain unexpected syncope, but can

and is used for several other purposes. One of those purposes includes quantifying the

cardiovascular adaptations to different levels of orthostatic stress. The cardiovascular

system adapts to an orthostatic stimulus induced by HUT much differently than it does to

active standing. Without the help of the skeletal muscle pump during HUT, the
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cardiovascular system is stressed to a much greater extent (Constant et al. 1998, Smith et

al. 1970, Kitano et al. 2005). In order to quantify the adaptations to this greater stress,

Smith et al. (1970) subjected a group of adults to a 70° HUT protocol. During HUT, HR,

TPR and DBP increased significantly, while SV and Q decreased. Also, SBP and MAP

experienced little change in response to the stimulus (Figure 2.3.1). A later study done by

Kitano et al. (2005) helped to confirm these results by implementing a 60° HUT protocol.

In addition to confirming the changes already discussed, this study also demonstrated that

increasing peripheral vascular resistance and decreasing vascular flow occur in response

to HUT. It is important to note that these studies were all done using an adult population

(Constant et al. 1998, Smith et al. 1970, Kitano et al. 2005).

Although not as easy or safe as active standing, HUT has been used in a younger

population. Most often the purpose of its use is to determine orthostatic tolerance in child

or adolescent patients, but there have been a few studies that have recorded the

hemodynamic response in normal healthy children. Generally, it has been noted that

children respond to 60° HUT with an increase in HR, and relatively no change in SBP

(Lewis et al. 1997, Yamanouchi et al. 1997). These adaptations are similar to the adult

response, but since little if any comparative studies have been done, it is difficult to say

with certainty how the child and adult responses compare. In fact, Bendilt and colleagues

(1996) suggest that children may be more sensitive to HUT than adults due to children's

lower centre of gravity which may cause a greater transfer of blood to the lower

extremities upon the tilt.
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Figure 23.1: Cardiovascular responses of healthy young men to 20 min of 70 degree

head-up tilt (Smith et al. 1970)

2.3.3 Lower body negative pressure

Lower body negative pressure (LBNP) is another research method commonly

used to induce an orthostatic stress on the body. This methodology requires the lower

body to be sealed in an air tight chamber at the iliac crest. A vacuum is then attached to

create a suction which will draw a portion of the blood volume from the center of the

body towards the lower extremities (Figure 2.3.2) (Brown et al. 1965). Depending on the

degree of suction, LBNP has the ability to create a similar decline in central venous

pressure to that which occurs upon moving from a supine to standing position (Stevens

and Lamb 1965).
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Figure 2.3.2: Lower body negative pressure apparatus (Brown et al. 1965).

Past studies have shown HR to increase, whereas they have shown forearm blood

flow, SV, SBP, pulse pressure (PP) and central venous pressure to all decrease in

response to 20 to 80 mmHg LBNP {Brown et al. 1966, Stevens and Lamb 1965). As well,

studies involving lower levels of negative pressure (5mmHg to 20mmHg) provide

evidence that all circulatory responses to an orthostatic stress do not occur

simultaneously, but instead some responses only occur at higher levels of orthostatic

stress (figure 2.3.4) (Jacobsen et al. 1993, Kitano et al. 2005, Johnson et al. 1974). At

levels lower than 20 mmHg, no significant changes in HR, blood pressure or PP are seen,

even though decreases in central venous pressure and forearm blood flow can be noted at

levels as low as 10 mmHg (Essandoh et al. 1986, Gabrielsen et al. 1996, Jacobsen et al.

1993, Johnson et al. 1974 Rea and Wallin 1989). These varying responses are attributed

to the deactivation of different barorcceptors, with the unloading of the cardiopulmonary
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baroreceptors being responsible for hemodynamic responses at levels lower than 20

mmHg and unloading of the arterial baroreceptors being responsible for those circulatory

responses which only occur at levels higher than 20 mmHg (Abboud et al. 1979, Johnson

et al. 1974, Thompson et al. 1991). All previous studies focusing on hemodynamic

responses to LBNP have been done only on an adult population. Currently, LBNP has not

been used in a child population to assess cardiovascular responses to orthostatic stress.
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A comparative study between HUT and LBNP suggests that although both

methodologies create a similar cardiovascular response, they are not synonymous {Kitano

et al. 2005). This study using adult participants found that like the previously discussed

studies, HR increased at 60
c
HUT, while SV and Q decreased and MAP remained about

the same. This study also showed that at this degree of HUT, brachial and femoral blood

flow decreased while brachial and femoral vascular resistance increased. These above

hemodynamic adaptations were found to be comparable to that of 40 mmHg of LBNP

with the exception of peripheral vascular adaptations (Figure 2.3.4). In this case, the

changes in brachial parameters were less, while femoral parameters were greater during

LBNP (Figure 2.3.4 and 2.3.5). Knowing that these methodologies do not create identical

responses, it is only possible to get an idea of how a child's cardiovascular system would

adapt to LBNP.
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2.3.4 Advantages and disadvantages of lower body negative pressure

Although many methodologies, such as LBNP, active standing and HUT, have

been developed to study the effects of an orthostatic stress on the cardiovascular system,

LBNP provides many advantages for orthostatic research. One huge advantage of using

LBNP over active standing is the ability to apply it to the body in a graded, controllable

and long-term fashion. Since it has been previously shown that hemodynamic responses

to an orthostatic stress is dependant upon the strength of the applied stress, having the

ability to apply the orthostatic stress in a graded fashion allows the assessment of

cardiovascular adaptations over various intensities. This therefore allows a continuum to

be developed that describes the complete hemodynamic adaptation to orthostasis. The

ability to apply a controlled level of LBNP for an extended time period also provides the

time necessary to collect data which can aid in the description of blood flow and vascular

mechanics during an orthostatic stress. Another advantage of LBNP over active standing

is its ability to induce an orthostatic stress without activating the skeletal muscle pump.

This makes it possible to research baroreceptor function, and determine the role that the

baroreflex plays in adapting to an orthostatic stress.

Unique to LBNP compared to both HUT and active standing is that LBNP

induces an orthostatic stress while the subject remains lying in a supine position. This

makes LBNP a safer research method than the others. With the subjects remaining in a

supine position, there is no risk of them falling and hurting themselves should they

experience any symptoms of syncope. As well as providing greater safety, LBNP is

advantageous over the other methods as it removes any vestibular stimulation resulting

from postural change that might affect hemodynamic responses (Paraii et al. 2000, Yates
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1992). Another advantage of the subject remaining in a supine position during the

application is it prevents the location of the participant's center of gravity from affecting

the level of orthostatic stress being simulated. This has been suggested to be a possible

problem with comparing HUT responses between adults and children as children have a

significantly lower center of gravity than adults (Benditt et al. 1996). Aside from the

complications that changing position could present on the orthostatic stress, the stationary

quality of LBNP allows blood flow and vascular measurements to be taken with more

ease and accuracy. Without movement, data quality is improved, allowing for a more

accurate description of the cardiovascular responses to an orthostatic stress.

Although LBNP has many advantages, one of its main limitations is that it has

only been validated in the adult population. Since this method has never been used on

children it is not certain whether the same level of LBNP will create the same affect on

the child population as it does in the adults. Despite this limitation, LBNP is a practical

and valuable method to induce an orthostatic stress in both adults and children.

2.4 Doppler ultrasound - Technical considerations

Blood flow is an important measure often used to help describe the effects of

LBNP on the cardiovascular system. Specifically, blood flow from the aortic artery - Q

and SV - can aid in the description of hemodynamic responses to an orthostatic stress.

For this reason, it is important to focus on the validity of this measurement using a non-

invasive technique. Non-invasive techniques are especially valuable when testing

paediatric populations. With this in mind, the next section will focus on Doppler

ultrasound and its usefulness in measuring Q and SV in adults and children.
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2.4.1 Doppler Effect

It was Christian Doppler, a German physicist, who first described the

phenomenon that is now known as the "Doppler Effect" in 1842. This phenomenon states

that when a sound or light wave is emitted towards a moving source from a stationary

object, the stationary object will experience a shift in the frequency of the returning wave

that is dependent on both the speed and direction that the moving source is traveling in

relation to the stationary object {Rowland and Obert 2002). Since it has been stated, the

principles of the Doppler Effect have been used for various scientific applications ranging

from weather systems to medical applications. One specific use of the Doppler Effect is

to determine blood flow, and as it pertains to this study aortic artery blood flow. Doppler

ultrasound records blood velocity by way of ultrasonic waves being emitted at a constant

known frequency from a transmitter placed in a stationary position on the body. These

emitted waves are reflected back to the transmitter once they come in contact with the

moving blood. Blood velocity is then determined depending on the frequency in which

the sound waves are reflected back and received by the transmitter. This is done via the

Doppler equation:

V=c(fr-ft)/2ft(cose)

Where V represents the blood velocity, c the speed of sound, fr the received frequency, ft

the transmitted frequency and e the angle between the transmitted ultrasound waves and

the direction of the blood flow (Rowland and Obert 2002).
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2.4.2 Determination ofaortic artery bloodflow

Doppler ultrasound can be used to describe blood flow through a specific artery.

The equation used for determining blood flow through the artery is as follows:

BF = MBV x CSA x s/beat x HR

Where BF is blood flow, MBV is mean blood velocity, CSA is cross-sectional area of the

artery and HR is heart rate.

2.4.3 Measurement ofaortic artery cross-sectional area

As cross-sectional area (CSA) of the aortic artery is a vital part of the blood flow

measurement, it is necessary to determine where along the aorta the most accurate and

reliable area measurements can be obtained. This is especially important because the

calculation of CSA requires the measured radius of the artery to be squared (CSA = nr
2
).

This means that any error present in the original measurement will then be exponentially

greater in the final area. At the moment, there are two sites which are typically used in

research to measure aortic diameter - the aortic valve hinge point or annulus and the

sinotubular junction (Figure 2.4.1). On the other hand, there is still some debate as to

which location provides the most accurate result. Measurement of the annulus tends to be

slightly smaller and easier to obtain reproducible measurements of (Roman et al. 1989,

Sahn et al. 1978) but the less reproducible measurements taken at the sinotubular junction

may be more accurate due to the lesser angle between the ultrasound waves and the blood

flow (Gardin el al. 1985). On top of the debate as to which portion of the aorta should be

chosen for the diameter measurements, it can be debated as to when during the heart

cycle, the diastolic or systolic phase, the measurement should be recorded. The former
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phase tends to allow for easier and more reproducible measurements (Sahn et al. 1978).

whereas during the latter phase the diameter is consistently larger and coincides with the

actual time point in which the blood is physically moving through the aorta {Christie et

al. 1987).

Figure 2.4.1: Potential sites for measuring aortic artery diameter. Figure is as it would be

seen using a parasternal long axis view obtained using 2-D

echocardiography. LV = left ventricle; LA = left atrium; AO = aorta; 1 =

aortic valve hinge point (annulus); 2 = sinotubular junction; 3 = open aortic

leaflets. {Rowland and Obert 2002)

One way to find out which aortic diameter methodology is going to prove to be

most accurate for use in blood flow calculations is to look at a study comparing direct

flow measurements to separate bhxxl flow calculations obtained using all possible
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measurement variations. A study done by Christie et al. (1987) measured the aortic

diameter in healthy adults using all accepted methodologies and compared each blood

flow result with blood flow measurements taken using both thermodilution and direct

Fick techniques. They found that Q and SV calculated using pulse-wave Doppler

echocardiography was best correlated with both the direct Fick and thermodilution

methods when aortic area was measured at the insertion point of the aortic valve (r =

0.86-0.91). Although the authors concluded that the most accurate measurements would

be produced when aortic diameter is measured at the annulus, measurements obtained

using the sinotubular junction produced only slightly less correlative values suggesting

either method is ultimately acceptable. The measurements done in the systolic time phase

were consistently larger than that done during the end-diastolic phase. This suggests a

more accurate calculation of Q using Doppler echocardiography will likely be obtained if

the aortic diameter is measured during the systolic phase, as it directly coincides with the

moment the blood is actually traveling through the aorta.

In contrast, a study done by Gardin et al. (1985) similar to the above study was

done comparing SV calculated using Doppler echocardiography to SV invasively

measured using thermodilution. This study found that the SV attained using Doppler

echocardiography best correlated with the thermodilution measures when aortic diameter

was measured at the sinotubular junction (r = 0.87). Although this does contradict the

conclusions of Christie et al. (1987), it is important to note that the subjects used in

Gardin et al. (1985) were patients who were currently undergoing regular cardiac

catheterization for clinical reasons. Also Gardin et al. (1985) only compared Doppler

echocardiography measurements with the thermodilution methodology, which has been
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shown in the past to be a slightly inferior direct measurement of SV compared to the

direct Fick method (Espersen et al. 1995).

Since all of the above studies were done using adult participants, it is important to

take a look at research done on children of this nature before applying the same

methodology to the child population. Morrow et al. {1988) did a similar study as the adult

studies discussed above using a paediatric population. This study compared Q measured

using the invasive thermodilution method with Q estimated using Doppler

echocardiography. Aortic diameter for this study was measured at three different

measurement points - aortic annulus, sinotubular junction and ascending aorta. The best

correlation with the least variability was found when the aortic diameter was measured at

the aortic annulus (r = 0.94). Through the research done in both children and adults, it can

be suggested that Doppler echocardiography is a valid measure of aortic blood flow in

both populations. Also research suggests that the most valid measurements of blood flow

are calculated using a diameter measured at the aortic annulus.

2.4.4 Validity ofaorticflow measured by Doppler ultrasound

Doppler ultrasound is typically the method of choice for measuring aortic blood

flow in a research setting. It is particularly appealing as it is a non-invasive, safe, quick

and reusable method for collecting cardiovascular measures. It can be used on a wide

variety of populations, as well as it allows for collection from a large number of subjects

with minimal costs. Although it has many advantages in calculating aortic blood flow, it

is not without its flaws. The Doppler method is based on various assumptions such as

vessel structure, angle of the transmitted wave compared with the moving blood and
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uniformity in the movement of the blood through the vessel, which could potentially lead

to error in the measurement. With this in mind, it is important to compare this method

with other measures of Q which have been previously proven to be valid.

The possibility of using this method to accurately measure human Q was initially

suggested through studies comparing pulse-wave Doppler echocardiography with

invasive measures of SV using open-chest dogs (Steingart et al. 1980, Stewart et al.

1985). These studies suggested that a high correlation between the invasive and non-

invasive methods existed producing correlation coefficients ranging from r=0.74-0.98

{Steingart et al. 1980, Stewart et al. 1985). Since then, many other studies have been

done in a human population that have validated this non-invasive technique for

measuring SV and Q against the direct Fick method, thermodilution and CO2 re-breathing

(Christie et al. 1987, Darsee et al. 1980, Esperson et al. 1995, Lewis et al. 1984). Using

adults who underwent regular cardiac catheterization, Darsee et al. (1984) found that the

Doppler method for collecting Q correlated well with the Q values obtained through the

use of the direct Fick method (r=0.96). This high correlation between the Doppler and

direct Fick method was further confirmed in a later study done by Esperson et al. (1995).

This study found high correlations between the Doppler technique and each one of the

thermodilution, direct Fick and CO: re-breath methods in eleven healthy participants.

These studies suggest that Doppler ultrasound is an acceptable method for measuring

aortic blood flow in adults. Unfortunately, all of these studies were performed only on

adult participants.
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2.4.5 Validity ofDoppler ultrasound methods in children

There seems to be a plethora of research suggesting that Doppler ultrasound is a

valid tool for measuring blood flow parameters from the aortic artery in an adult

population. Unfortunately, the same validity can not be simply assumed to apply in the

paediatric population. Although there is much less research surrounding this matter

regarding children, there are a few studies which do address this issue (Alverson et al.

J982, Clafm et al. 1988, Vinet et al. 2001). Alverson et al. (1982) compared Q measured

using non-invasive pulsed wave Doppler ultrasound to that measured via the direct Fick

method in thirty-three paediatric cardiac catheterization patients ranging from 3 days to

17 years old. Through this comparison they found excellent agreement between the two

measures of Q (r = 0.98).

Although, measurements of Q using Doppler ultrasound have been found to be

valid, there is the question as to whether they are reliable. Both Clafin et al. (1988) and

Vinet et al. (2001) addressed this issue and found that this method is not only valid but

reproducible with only small variations in a test, re-test situation using a pre-pubertal

population. Through these studies it can be concluded that not only is Doppler ultrasound

a valid measure ofQ and SV in adults, but it can be used with ease to accurately measure

these parameters in children.

2.4.6 Possible sources oferror

Using Doppler ultrasound to calculate a valid measure of aortic blood flow

requires accurate recordings of both aortic blood velocity and CSA. Any stray in
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accuracy of either of these measures leads to error in the final blood flow calculation

(Gill 1985, Rowland and Obert 2002).

Precisely measuring blood flow velocity is highly dependant on transducer

angulation. Ideally, to achieve the most accurate measure of blood flow velocity, no angle

would exist between the transmitted waves and the moving blood (Gill 1985, Rowland

and Obert 2002). However, since Doppler ultrasound is a non-invasive methodology, it is

impossible to obtain this ideal alignment. In light of this, an underestimation of blood

velocity will be introduced in this measurement if angulation is not corrected for (Figure

2.4.2) (Gill 1985, Rowland and Obert 2002). Luckily, this error can be easily corrected

assuming the operator knows the exact angle of insonation. Generally though, only an

estimation of this angle can be obtained and if the estimation is not exact some remaining

error will be introduced to the final blood flow calculation (Gill 1985, Rowland and

Obert 2002).
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Figure 2.4.2: Underestimation of flow according to the angle between the transmitted

waves and the moving blood (Gill 1985).
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Like blood velocity, accurately determining aortic CSA is vital in recording valid

aortic blood flow. Error can be introduced to the CSA by several factors. The shape of the

aorta is one factor that can lead to potential error in calculating CSA. Since the

calculation of CSA assumes that the vessel is perfectly circular, any malformations of the

vessel will cause CSA to be over or underestimated, thus incorporating error into the

blood flow measurement (Gill 1985, Rowland and Obert 2002). As well as shape, the

observer must be capable of accurately measuring the aortic diameter. As the CSA

formula places the radius of the aorta to the power of two, any error within the diameter

measurement will then be increased exponentially in both the CSA and subsequently the

blood flow measure (Gill 1985, Rowland and Obert 2002). The location along the aorta

in which the CSA is measured is also a possible source of error. As it has been shown

that the diameter of the aorta is not uniform along the whole vessel, choosing the correct

location to calculate CSA can diminish error, thus attenuating further error when

calculating aortic blood flow (Rowland and Obert 2002). Ideally, the chosen location

would be the area along the aorta that has the narrowest diameter and is most in line with

the ultrasound beam. Also, choosing a location that can be reliably measured, aids in

reducing measurement error (Rowland and Obert 2002).

Variables such as operator technique, measuring protocol and technical

limitations can significantly influence the precision of both the blood velocity and CSA

measurements. Reducing potential error can be accomplished by ensuring the observer

has been adequately trained prior to data collection and analysis. This will help decrease

both error due to poor image and flow profile quality and error resulting from poor

measuring technique. As well as operator skill, error can be significantly reduced by
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doing the necessary research in order to develop a sound, reliable protocol. Finally, using

equipment that is of good quality and in excellent working order can contribute to

minimizing technical error. Despite the possible sources of error, when done correctly

Doppler ultrasound has been found to be a valid and reliable method for measuring aortic

blood flow in both children and adults Alverson et al. 1982, Christie et al. 1987, Clqfin et

al. 1988, Darsee et al. 1980, Esperson et al. 1995, Lewis et al. 1984, Vinet et al. 2001).

54





Chapter 3.0 - Methodology

3.1 Subjects

This study involved twenty healthy male participants, ten pre-pubescent boys

between 8 and 1 1 years old (mean ± standard deviation (SD); 9+1.1 years of age) and

ten adult males between 20 and 25 years old (23 + 1 .8 years of age). All children and

adults who participated were classified as healthy, normal weight and recreational ly

active. A healthy adult body weight was defined using a calculated body mass index

(BMI). Similarly, a healthy child weight was defined using age and gender specific BMI

cut-offs as suggested by Cole et al. (2000). Recreationally active was defined as no less

than 2 hours and no more than 5 hours of participation in recreational sport activities per

week. The pubertal stage of each child was recorded using secondary sexual

characteristics, as described by Tanner (1962), and only those children presently in stage

1 -2 (of 5) were included in the study. Various studies on both adults and children have

found that blood pressure control and responses to orthostatic stress are influenced by

race, therefore only Caucasian children and adults were included in this study {Dimsdale

et al. 1987, Franke et al. 2004, Tanaka et al. 1994). As well, any participant who was

classified as hypertensive was excluded from the study, as this has been suggested to

affect cardiovascular responses to an orthostatic stress (Ditto and France 1990, McCrory

et al. 1982). Further exclusion criteria included any child or adult with a pre-existing

condition related to the cardiovascular system (i.e. diabetes), the use of any

cardiovascular medications (i.e. blood pressure medication), or any child or adult
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suffering from a respiratory system disorder. Also any participants who either were

smokers, or exposed to second hand smoke were excluded.

All children recruited for this study were contacted through the ongoing

collaboration between the District School Board of Niagara and Brock University. Adult

males were recruited using advertising flyers posted around the Niagara region

(Appendix B). Following a complete description of the research procedures, the parents

of each child participant provided written consent, while each child provided oral consent

prior to beginning any experimental protocols (Appendix C). As for the adults, they

provided their own written consent following an in-depth explanation of the research

protocol (Appendix C). Ethics for this study was approved through the Research Ethics

Board of Brock University prior to commencing any testing or recruitment (Appendix A).

3.2 Experimentalprotocol

Following recruitment, each subject came to the laboratory for a single visit.

Before this visit the subject was asked to refrain from excessive physical activity for at

least 12 hours and avoid caffeine for at least 24 hours prior to testing. Participants were

also requested to refrain from food intake for at least 4 hours prior to testing, and asked to

maintain hydration during this time. These stipulations were important to help prevent

any variations in sympathetic nerve activation that may result from these activities

(Astrand el al. 2003).

Upon entering the laboratory, each participant completed a short health

questionnaire (Appendix C). along with a smoking exposure questionnaire (Appendix E).
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Following the questionnaires, anthropometric measurements were collected. These

measurements included height, weight, BMI, and pubertal staging in the children.

They were then asked to void their bladders. This was important as it has been

shown that a distended bladder can cause an increase in sympathetic outflow (Fagius and

Karhuvaara 1989). They then underwent a habituation session during which each child

and adult was exposed to all the equipment they would encounter during their testing

session. Habituation was especially necessary for the LBNP chamber. This was done by

placing each subject in the LBNP chamber and exposing them to a moderate level of

negative pressure (approximately 20 mmHg). It is believed that this habituation session

was effective in both groups in successfully easing some of the general nervousness felt

by the children and adults. An attempt to avoid excess nervousness was crucial, as it can

alter sympathetic nerve activation, hence altering cardiovascular function and its response

to orthostatic stress (Cacioppo et al. 1998).

Once habituation was complete, each participant was instructed to rest supine on

the examination bed with the lower half of their body inside the LBNP chamber. A

standard single lead echocardiograph was attached to record HR and a Finapres (Model

2300, Ohmeda, Englewood, CA, USA) collected beat-by-beat SBP, DBP and MAP via a

small pressure cuff placed on the middle Finger of the left hand. As well as the beat-by-

beat blood pressure, manual blood pressure was taken using a sphygmomanometer and a

stethoscope. The manual blood pressure measurements were then used as a reference

point for adjusting the beat-by-beat data. All participants were required to lie still for at

least 10 minutes before any resting measures were recorded. All measurements recorded

included HR, SBP, DBP, MAP, SV, Q and TPR. Beat-by-beat blood pressure and R-R
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intervals were measured over a five minute period, whereas blood flow parameters were

measured in 1 minute intervals at the end of each condition. Once resting measures were

collected. 3 levels of LBNP including 15, 20 and 25 mmHg were induced in random

order. To allow the body to return to baseline conditions, 10 minutes of rest was provided

between each LBNP condition. During the last 5 minutes of these rest periods all

measurements were taken again to ensure baseline conditions. It is important to note that

all resting and negative pressure measurements were taken in a quiet, temperature

controlled room.

3.3 Measurements

3.3.1 Physical characteristics

Height was determined in centimetres (cm) using a standard wall statiometer

(Ellard Instruments Ltd., Monroe, WA) and weight was determined in kilograms (kg)

using an automatic digital scale.

Body mass index (BMI) was calculated as:

BMl (kg/m
2
) = weight/height

2

and was determined using the recorded height and weight data. Children were classified

as normal weight using previously defined BMI cut-offs according to the international

guidelines on childhood and adolescent obesity (Cole et al. 2000).

Sexual maturation was self-assessed by each individual child using previously

validated images of the various Tanner stages of sexual maturation taken from Taylor et

al. (2001). This method, described in Taylor et al. (2001) involves showing each child a
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set of pictures representing each one of the sexual maturation stages. The child was then

asked to circle whichever picture best represents their sexual development. Specifically,

only pubic hair development (TPH ) was used to determine each child's sexual maturation.

This self-assessing method has been previously validated in a similar child population by

Taylor et al. (2001).

3.3.2 Lower body negative pressure

All participants were required to lie supine on the laboratory bed with their legs

and hips in the LBNP chamber. The chamber was then tightly sealed at the iliac crest

(Brown et al. 1965). Once sealed in the chamber, the participants laid quietly with their

legs straight out and relaxed for 10 minutes before data collection began. After initial

baseline values were obtained, application of the LBNP protocol began. Each level of

LBNP was applied for a total of 5 minutes, allowing sufficient time for beat-by-beat data

collection as well to ensure that steady-state hemodynamic conditions were achieved.

Negative pressure was generated using a standard shop vacuum (Shop-vac, Shop-vac

Canada Ltd, Burlington, Ontario Model #84L450) connected to a 140 volt

autotransformer. The vacuum was then fed into the sealed chamber. Between each level

of LBNP a 10 minute rest period was provided. These intermittent rest periods allowed

for the subject's cardiovascular system to return to normal baseline values prior to

continuing on to the next LBNP level (Kimmerly and Shoemaker 2002). Although the

order in which each participant was subjected to the levels of LBNP was randomized,

each visit consisted of the application of three separate levels of LBNP ( 1 5 mmHg, 20

mmHg and 25 mmHg).
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3.3.3 Heart rate and blood pressure measurements

3.3.3.1 Heart rate

Heart rate (HR) was measured using a standard single lead electrocardiogram. For

the calculation of HR, beat-by-beat R-R intervals (RRI) were determined. Each RRI was

measured as the time between two consecutive R waves on the recorded ECG trace. The

mean HR and RRI at rest and during each level of LBNP were determined, as well as

during the resting periods between each condition of negative pressure.

3.3.3.2 Blood pressure

After 10 minutes of quiet rest, SBP and DBP were measured manually using a

sphygmomanometer and stethoscope at the brachial artery of the right arm. Manual

measurements were also taken after at least 3 minutes of exposure to each magnitude of

negative pressure. Blood pressure was taken three times for each time point, but the first

manual measure was discarded and only the average of the last two measurements were

used to establish resting brachial artery blood pressure. This was done since it has been

previously shown that the first manual measurement of arterial blood pressure in children

is consistently high (Carter et al. 2003). The manual measurement primarily served as a

reference point for the beat-by-beat blood pressure data obtained using the Finapres

(Model 2300, Ohmeda, Englewood, CA, USA), while the secondary purpose for these

manual measurements were to ensure that a resting state had been achieved prior to

exposure to the next LBNP level.
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In addition to the manual measurement, continuous beat-by-beat SBP and DBP

were obtained non-invasively using a Finapres. A small finger cuff was placed on the

second phalanx of the middle finger of the left hand, while the arm was placed at heart

level (O'Leary et al. 2003). Beat-by-beat mean arterial blood pressure (MAP) was

calculated using the equation:

MAP(mmHg) = DBP + (PP/3)

Five-minutes of continuous beat-by-beat blood pressure were recorded at rest and during

each level of induced orthostatic stress. Beat-by-beat blood pressure was also recorded

during the resting periods between each level of LBNP to ensure that the child had

returned to a resting state, and the next level of LBNP was started from baseline. This

non-invasive method for beat-by-beat blood pressure collection has been previously

validated in children (Tanaka et al. 1994a).

3.4 Aortic measurements

3.4. 1 Aortic root diameter - Pilot

Prior to the main data collection, a short pilot study was conducted to determine

the response of the aortic root to the varying levels of LBNP. To determine this, 5 adult

males and 5 boys were exposed to three randomly assigned levels of LBNP following a

short habituation session and collection of resting measures. Resting measures were taken

after at least 10 minutes of lying supine in the LBNP chamber. The levels of LBNP used

for this pilot study were 15, 20 and 25 mmHg. At each resting and LBNP condition HR,

manual blood pressure and aortic root diameter were measured and recorded. Each
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participant was exposed to the negative pressure for a total of three minutes before

diameters were measured to ensure that the cardiovascular system was completely

adapted to the stimulus. Between each negative pressure condition there was a 10 minute

rest period where both HR and BP were monitored to ensure that a resting state was

achieved prior to induction of the next LBNP level. All measurements taken and analysis

done in the pilot protocol were carried out using the same methods as during the full

study protocol. To describe the response of the arterial diameters during exposure to the

various levels of negative pressure in the pilot study a one-way, repeated measures

ANOVA was used. No differences were found in either the children or the adults

between any resting or LBNP condition, therefore aortic diameter for the full study

protocol was taken during the first rest period only.

3.4.2 Aortic root diameter - Experimental protocol

Aortic root diameter was measured using ultrasonic methods during the initial

resting condition. A clear echocardiograph image of the aortic root was obtained using a

3.5 MHz ultrasound transducer. This probe was placed between the third and fourth ribs

of the participant to achieve a parasternal long-axis view of the aortic root. The probe was

appropriately adjusted until a clear image was produced. This image was then saved on

the ultrasound unit (GE Medical systems Ultrasound, Tirat Carmel, Isreal, Model Vivid

I). In total, four clear images, each consisting of 5 heart cycles, were collected by the

same investigator and saved in B-mode on the Doppler ultrasound unit (GE Medical

systems Ultrasound, Tirat Carmel, Isreal, Model Vivid I). All aortic images were then

transferred to an EchoPAC data analysis system (EchoPAC PC 5.1 1, GE Medical
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Systems, Milwaukee, Wisconsin, Model #EP294509) for analysis of the aortic root

diameters.

The best three aortic images for each participant were chosen and analyzed to

determine aortic root diameter. Using the measuring callipers provided on the Echopac

software, measurements were taken at the insertion point of the aortic valves during the

systolic phase. Three measurements were taken per image and all measurements averaged

to obtain the mean resting diameter of the aortic root. These diameters were then used

for the calculation of SV and Q. An intraclass correlation co-efficient (ICC) was done to

determine intra-observer reliability. The results of this test showed that the aortic

measurements were highly reliable with an ICC = 0.992 (p<0.001).

3.4.3 Cardiac output and stroke volume

Cardiac output (Q) was measured during all resting and LBNP conditions. To

assess Q, both aortic root diameter and peak stroke velocity were measured. While aortic

diameter was obtained using the methodology explained above, peak stroke velocity was

measured using a 2.0 MHz Doppler ultrasound transducer placed at the suprasternal

notch (Neurovision Transcranial Doppler System, Multigon Industries Ltd., Yonkers, NY

Model #500MP). Flow velocity recordings were taken during all conditions and were not

taken until each subject had been exposed for at least 3 minutes to each condition.

Continuous flow velocity was recorded for at least 1 minute. The velocity was then

corrected for an angle of 20° and from this Q was then calculated as:

Q (L/min) = Mean Blood Velocity xnr2
x s/beat x Heart Rate
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Where Mean Blood Velocity represented the mean of the outer envelope of the corrected

peak aortic blood flow velocity (PV).

Stoke volume (SV) was calculated as:

SV(ml)=Q/HR.

3.4.4 Total peripheral resistance

Total peripheral resistance (TPR) was calculated using both Q and MAP. The

calculation used for TPR was:

TPR (mmHg/Umin) = MAP/Q.

3.5 Data analysis and collection

The beat-by-beat data (HR and BP) were collected using an online data

acquisition and analysis system (Powerlab/16SP, ADInstruments Pty Ltd, Castle Hill,

Australia Model # ML 795). This system inputs the beat-by-beat data into a personal

computer (Toshiba, Techra SI System Unit, Toshiba Corporations, China Model #

PT83 1 C-30QW6) using specialized data collection software (Chart 5, ADInstruments Pty

Ltd, Castle Hill, Australia). All signals were collected using a sampling rate of 1000 Hz

and were saved for later offline analysis.

3.5. J Mean data

Before mean data was calculated, the data was scanned offline and corrected for

any artefacts. Once clean data was obtained, mean HR. SBP, DBP, MAP, TPR, SV and Q
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were calculated by averaging the last minute of data collected during each resting and

LBNP condition.

3.5.2 Arterial baroreceptor sensitivity

Using the non-invasive beat-by-beat HR and blood pressure data collected for

each cardiac cycle, BRS was determined for each subject at baseline and during all levels

of LBNP. For analysis of BRS, beat-by-beat HR and blood pressure were scanned and

corrected for visible artefacts. Once a clean data set was obtained, it underwent fast

Fourier transformation using power spectral analysis based on the Welch method {Welch

1967). The fast Fourier transform separated the low (LF: 0.04-0.15 Hz) from the high

(HF: 0. 1 5-0.4 Hz) frequency components of both HR and blood pressure and was carried

out using Matlab software (Matlab 5.3, The Math Works Inc., 1999). Once separated, LF

and HF power spectral area for both heart rate and blood pressure were determined. A

transfer function calculation of SBP to HR was then used to represent a measure of BRS

in both the LF and HF range (O'Leary et al. 2004). Only gain values with a coherence of

> 0.5 were accepted (Taylor et al. 1998). This method for obtaining BRS has been shown

to be valid in the child population (Lenard et al. 2004).

3.6 Statistical analysis

An independent T-test was used to compare descriptive statistics between the

adult and child groups. A one-way, repeated measures ANOVA was used to compare the

baseline data to ensure that there were no significant differences between rest periods for

either the adults or children. No post hoc was completed on this data as no models
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showed significance. Since no differences were found, an independent T-test was used to

compare resting hemodynamic and baroreflex function measures between the adult and

child groups using the first baseline data. A one-way. repeated measures ANOVA and a

post hoc Tukey test was then used to compare the physiological responses for the adults

and children separately using the first baseline, and LBNP 15 mmHg, 20 mmHg and 25

mmHg conditions. A two-way, repeated measures ANOVA with a post hoc Tukey test

was then used to compare between group differences within the physiological responses

to LBNP. Since most baseline measures differed significantly between the child and

adult groups, percent change from rest was calculated for each parameter and the two-

way comparison was done using these values rather than the absolute measures. In

addition to this comparison, adult data also provided a necessary control to ensure the

methodology was executed correctly, since LBNP has to date never been used for this

purpose in a pediatric population. Significance was defined as p<Q.05 and all values were

reported as the mean + SD. Descriptive statistics, T-tests, ICC and the baseline one-way

repeated measures ANOVA were done using the SPSS 15.0 statistical software package

(SPSS 15.0 for Windows, LEAD Technologies Inc., 2006). One-way, repeated measures

ANOVA used to analyze the affects of LBNP on all cardiovascular measures and the

two-way repeated measures ANOVA were done using SigmaStat 3.1 1 since an

appropriate post hoc tests were unable to be executed on SPSS (SigmaStat for Windows

version 3.1 1, Systat Software, Inc 2004).
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Chapter 4.0 - Results

4.1 Baseline measures

Analysis of the physical characteristics showed that the children differed from

adults in all expected areas. Children as a whole were shorter and lighter then the adults

(Table 4.1.1).

Table 4.1.1: Physical characteristics of both adult and child groups. BMI - body mass

index

Age (yrs)

Height (cm)

Weight (kg)

BMI (kg/m
2
)

Adults

23.0+ 1.8

Not assessed

184.6 + 4.8

85.7 + 12.9

25.1+3.2

Children

9.3+1.1*

1.5 + 0.5

142.0 + 9.6 *

36.3 + 8.8*

17.8 + IS *

p<p.05

Mean resting HR was higher, while mean resting SBP was lower in the child

group compared to the adults. In contrast, there was no difference between the adults and

children with respect to MAP and DBP (Table 4. 1 .2). Resting LF BRS and HF BRS

were not significantly different between the children and adults. Although resting LF

BRS and HF BRS were not significantly different, they were 18% lower in the children

compared with the adults (Table 4.1.2). Like the above baroreceptor measurements, there

67





were no significant differences in resting LF/HF ratio between the two groups despite an

almost significant trend (p=0.057) for a lower LF/HF ratio in the children.

Table 4.1.2: Resting cardiovascular measures for both adults and children. HR - heart

rate; SBP - systolic blood pressure; DBP - diastolic blood pressure; MAP - mean arterial

pressure; TPR - total peripheral resistance; PV - Peak aortic blood velocity; SV - stroke

volume; Q - cardiac output; LF BRS - low frequency baroreceptor sensitivity; HF BRS -

high frequency baroreceptor sensitivity; LF/HF - low frequency to high frequency ratio

HR (beats/min)

SBP (mmHg)

DBP (mmHg)

MAP (mmHg)

TPR m m 1 1
-

I mi ii

PV (cm/s)

SV (ml/beat)

Q In,,,,

LF BRS m- in n, 1

1 - •

HF BRS (ms/mmHg)

LF/HF

Resting Cardiovascular Measures

Adult





4.2 Adult hemodynamic responses to orthostatic stress

Resting LBNP 25 mmHg
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Heart rate in the adults increased significantly during exposure to 25 mmHg of

LBNP when compared to both the baseline and 15 mmHg conditions (p<0.01 and p<0.05

respectively). This increase ranged from 58 + 4.7 beats/min at rest to 61 + 7.6 beats/min

during 25 mmHg of LBNP (Table 4.2. 1 ).

On the other hand, there were no significant blood pressure responses to any level

of applied orthostatic stress. Although, MAP and DBP demonstrated no change at all,

SBP did show an insignificant decreasing trend between rest and LBNP of 25 mmHg

(p=0.089) (Table 4.2.1).

Peak aortic blood flow velocity measured by the Doppler ultrasound, steadily

decreased with increasing levels of orthostatic stress (p<0.001). A significant decline was

present between baseline and all levels of LBNP (Table 4.2. 1 ).

Similar to the PV response, SV decreased with increasing application of

orthostatic stress (p<0.001). In addition to the significantly lower SV at each level of

LBNP compared with rest {p<0.001), SV at LBNP of 25 mmHg was also significantly

lower than that at LBNP of 15 mmHg (p<0.001). Overall, SV demonstrated a 9%, 16%

and 18% reduction from baseline upon going to 15 mmHg, 20 mmHg and 25 mmHg of

LBNP respectively (p<0.001) (Table 4.2.1).

Along with this decrease in SV, Q decreased significantly in response to LBNP

(p<0.001). Like the other measures of blood flow, Q consistently decreased as LBNP

intensity increased (Table 4.2. 1 ).

As shown in Table 4.2.1, total peripheral resistance (TPR) was positively affected

by the application of orthostatic stress. A significant increase in TPR was noted between

rest and each level of LBNP (p<0.001).
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Baroreceptor sensitivity in the low frequency range (LF BRS) significantly

decreased with the induction of an orthostatic stress in the adults (p<0.01). Specifically, a

significant decrease in LF BRS was noted between rest and all conditions of LBNP

(Table 4.2.1).

Unlike the LF BRS, high frequency baroreceptor sensitivity (HF BRS) was not

significantly affected by any condition of LBNP in this adult population (Table 4.2.1).

Furthermore, there were no statistically significant effects of LBNP on LF/HF

ratio ip=0.088) despite a 76% increase occurring from rest to LBNP of 25 mmHg (Table

4.2.1).
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Table 4.2.1: Affect of LBNP on all adult hemodynamic measures. HR - heart rate; SBP
- systolic blood pressure; DBP - diastolic blood pressure; MAP - mean arterial pressure;

TPR - total peripheral resistance; PV - peak aortic flow velocity; SV - stroke volume; Q
- cardiac output; SV % decrease - the percent of stroke volume decrease from rest; LF

BRS - low frequency baroreceptor sensitivity; HF BRS - high frequency baroreceptor

sensitivity; LF/HF - low frequency to high frequency ratio

Adults Rest LBNP 15 LBNP 20 LBNP 25

HR (beats/min) 58+4.7* 57 + 4.8 * 60 + 5.4 61+7.6**

SBP(mmHg) 117.7 + 7.8 115.9 + 6.9 109.0+11.4 109.6+12.4

DBP(mmHg) 69.8 + 6.5 70.2 + 93 69.7 + 4.9 71.5 + 8.2

MAP(mmHg) 86.2 + 6.0 85.4 + 8.0 82.8 + 6.3 84.2 + 7.9

TPR (mmHg/L/min) 17.4 + 3.9*** 19.8 + 4.4* 20.3 + 4.9* 20.9 + 4.2*

PV(cmfe) 24.2 + 3.8
***

21.0 + 3.0* 19.9 + 2.6* 19.7 + 3.1*

SV (ml/beat) 88.6+16.7*' 77.4+12.7*' 71.9+15.1* 693+13.5**

Q I mi

n

5.1 + 1.0 4.4 + 0.8* 4.2 + 0.9* 4.2 + 0.9*

SV % decrease 100 91+63** 84 + 7.2* 82+11.0**

LF BRS (ms/mmHg) 20.4 + 53*** 15.0 + 5.2* 15.2 + 3.8* 13.8 + 3.7*

HF BRS (ms/mmHg) 26.6+12.4 223+12.9 21.9+113 20.1 + 11.0

LF/HF 2.2 + 1.5 2.5 + 1.3 3.5 + 2.7 3.8 + 3.6

Significantly differentfrom rest p<f).05 *; significantly differentfrom LBNP 15 p<0.05 ;

significantly differentfrom LBNP 20 p<P.05* ; significantly differentfrom LBNP 25

p<0.O5*
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4.3 Child hemodynamic responses to orthostatic stress

Resting LBNP 25 mmHg

~c





In the pediatric sample HR did not significantly change in response to the applied

orthostatic stress despite a near significant increase occurring at 25 mmHg of LBNP

(p=0.052) (Table 4.3.1).

LBNP affected the child blood pressure parameters differently. While SBP

showed a significant decline in response to increasing LBNP (p<0.01), DBP and MAP

was not significantly affected by any condition. Although SBP declined in response to

LBNP, this decline was not present until exposure to 25 mmHg of negative pressure,

during which the SBP was significantly lower than both baseline and 15 mmHg of LBNP

(Table 4.3.1).

Peak aortic blood flow velocity was negatively affected by increasing orthostatic

stress (p<0.01). A significant decrease in PV from rest was demonstrated in response to

both 20 mmHg and 25 mmHg of LBNP (Table 4.3.
1
).

In response to LBNP, SV decreased significantly in this group (p<0.05). Similar

to PV, SV at both 20 and 25 mmHg of negative pressure were significantly lower than

the baseline value. Compared to that at rest, SV decreased by 10%, 18% and 18% at 15,

20 and 25 mmHg of LBNP respectively.

In accordance to the other blood flow parameters, Q showed a significant

decrease in response to orthostatic stress (p<0.05). However, Q only significantly

dropped during application of 20 mmHg of negative pressure, despite the near significant

decrease seen at 25 mmHg (p=0.065) (Table 4.3.1).

TPR in the pediatric group increased significantly in response to LBNP (p<0.05).

However, similarly to Q, TPR only demonstrated a significant increase during exposure

to 20 mmHg of LBNP (p<0.01) (Table 4.3. 1 ).
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Furthermore, LF BRS was unaffected by the application of LBNP in the children.

Similar to this, HF BRS and the LF/HF ratio were also unaffected by any of the levels of

LBNP (Table 4.3.1).

Table 43.1: Affect of LBNP on all child hemodynamic measures. HR - heart rate; SBP
- systolic blood pressure; DBP - diastolic blood pressure; MAP - mean arterial pressure;

TPR - total peripheral resistance; PV - peak aortic flow velocity; SV - stroke volume; Q
- cardiac output; SV % decrease - the percent of stroke volume decrease from rest; LF
BRS - low frequency baroreceptor sensitivity; HF BRS - high frequency baroreceptor

sensitivity; LF/HF - low frequency to high frequency ratio

Children Rest LBNP 15 LBNP 20 LBNP 25

HR (beats/min) 75 + 8.6

SBP(mmHg) 104.0 + 9.0
*

DBP(mmHg) 72.0 + 4.6

MAP(mmHg) 82.6 + 4.0

TPR (mmHg/L/min) 32.7 + 10.4
*

PV(cm/s) 25.7 + 4.8
M

SV (ml/beat) 40.0+ 17.0* *

Q(L/min> 2.8 + 0.9*

SV % decrease 100

'

II BRS (ms/mmHg) 16.9 + 7.0

HFBRSdiw/mmHg) 21.9+12.6

LF/HF 1.2 + 0.4

Significantly differentfrom rest p<0.O5 *; significantly differentfrom LBNP 15 p<0.O5*';

significantly differentfrom LBNP 20 p<0.0y ; significantly differentfrom LBNP 25

p<0.O5
§

75

76 + 9.1





4.4 Comparison between relative adult and child responses to LBNP

Statistical comparison between the relative responses to increasing levels of

LBNP within the adult and pediatric groups showed a main effect of LBNP on the

percent change of HR. SBP and SV with HR increasing in response to LBNP and SBP

and SV decreasing in response to LBNP (p<0.05) (Table 4.4.1).

Table 4.4.1: Least square means for percent change of the hemodynamic measures

during LBNP. HR - heart rate; SBP - systolic blood pressure; DBP - diastolic blood

pressure; MAP - mean arterial pressure; TPR - total peripheral resistance; PV - peak

aortic flow velocity; SV - stroke volume; Q - cardiac output; SV - stroke volume; LF

BRS - low frequency baroreceptor sensitivity; HF BRS - high frequency baroreceptor

sensitivity; LF/HF - low frequency to high frequency ratio (mean + standard error)





Although, there were some main effects of LBNP no significant interactions were

present. In light of this, it is important to note that the power of the statistical test used to

determine group by level interactions for each measure ranged from a value of < 0.05 to

0.286. Although there were no statistical significant interactions, despite a power of only

0.286, HR showed a slight tendency towards a group by level interaction, with the

children showing an attenuated HR response to LBNP compared to the adults (p=0.097)

(Figure 4.4. 1 ). In addition, upon visual observation it appears that if a greater power had

been achieved, all BRS measures may have shown group by level interactions, with the

pediatric sample having attenuated responses to the LBNP compared to the adults (Figure

4.4.2, 4.4.3 and 4.4.4).
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Figure 4.4.1: Percent change of HR in response to LBNP. Closed bars - Children; Open
bars - Adults. Graphed as mean ± SD.
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Figure 4.4.4: Percent change of LF/HF ratio in response to LBNP. Closed bars

Children; Open bars - Adults. Graphed as mean ± SD.
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Chapter 5.0 - Discussion

5.7 Summary offindings

This study was the first study done using LBNP to induce an orthostatic stress in a

pediatric population. It was found that the application of three distinct levels of

orthostatic stress evoked hemodyanmic responses in the prepubertal children. In

response to the levels of negative pressure the pediatric group experienced a significant

decrease in SBP and Q, and a significant increase in TPR, whereas the adults

demonstrated significant decreases in SV and Q, and a significant increase in HR and

TPR. In addition, the boys in this study tended to have lower measures of resting

baroreceptor function than the men. Specifically, a non-significant 18% lower resting LF

and HF BRS and a nearly significant (p=0.057) lower LF/HF ratio was found in the

pediatric group compared to the adults. Along with the differences seen during resting

state, adults demonstrated a significant decline in LF BRS and a non-significant increase

in the LF/HF ratio (p=0.088) in response to higher levels of LBNP which were not

present in the child group (LF BRS: 20.4 ± 5.3 to 13.8 ± 3.7 ms/mmHg versus 16.9 ± 7.0

to 14.2 ± 9.3 ms/mmHg from rest to LBNP 25 mmHg for the adults and children

respectively; LF/HF: 2.2 ± 1 .5 to 3.8 ± 3.6 versus 1 .2 ± 0.4 to 1 .5 ± 0.8 from rest to

LBNP 25 mmHg for the adults and children respectively). Following analysis of the

between group interactions of the relative responses of the hemodynamic and

baroreceptor measures to LBNP, no statistically significant interactions of any variable

were found. This is possibly the result of a lack of statistical power within the study

group. According to the results of this study it could be suggested that both the
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hemodyanmic and baroreceptor responses to simulated orthostatic stress may be greater

in fully developed adults than in pre-pubertal children.

5.2 Baroreceptorfunction at rest and in response to an orthostatic stress

5.2.1 Resting measures of baroreceptorfunction

The values obtained in this study quantifying adult resting LF BRS are similar to

those generated in past research (Table 4.1.2) (Furlan et al. 2001, Laitinen et al. 1998,

Lenard et al. 2004, Piccirillo et al. 2001, Steinback et al. 2005, Tank et al. 2000). In fact,

Furlan et al. (2001), Laitinen et al. (1998) and Steinback et al. (2005) all reported LF

BRS values that were almost identical to those recorded in the current study. Although

the rest of these studies do report LF BRS measurements that are similar to those taken in

the present study, there are some notable differences. The LF BRS recorded in Lenard et

al. (2004), Piccirillo et al. (2001) and Tank et al. (2000) were found to be slightly lower

than our measurements. It is possible that this discrepancy was the result of those

previous studies controlling for respiratory rate, while this study did not. Since

respiratory rate can influence the parasympathetic regulation of the heart, it is possible

that the LF BRS in this study may have been overestimated (Gerritsen et al. 2000,

Grossman et al. 2004). However, even if there was a slight overestimation in the LF

BRS, this should not affect our comparisons as neither the children nor the adults were

asked to follow a controlled breathing rate at any time.

Similar to the adult group, the pre-pubertal resting LF BRS measured in this study

matched closely to that measured in past research (Table 4.

1

.2) (Allen et al. 2000.
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Dietrich et al. 2006, Lenard et al. 2004, Rudiger and Bald 2001, Tank et al. 2000,

Veerman et al. 1994). Specifically, our values matched those measured in Dietrich et al.

(2006) and Veerman et al. (1994). On the other hand, LF BRS measured in Lenard et al.

(2004), Rudiger and Bald (2001) and Tank et al. (2000) were slightly lower than those

measured in this study. This difference is likely the result of those studies tightly

controlling participant respiratory rate. Interestingly, Allen et al. (2000) expressed LF

BRS measures that were slightly higher than those generated from the children in the

present study. This difference is most likely due to the age range of the child group used

in Allen et al. (2000) as their study included participants ranging from 8-17 years of age.

Since it has been suggested that LF BRS may increase from childhood to adolescence

(Lenard et al. 2004), the higher values of LF BRS in Allen et al. (2000) could be

explained by the inclusion of more mature participants in their pediatric population.

When comparing resting LF and HF BRS between the adult and child groups, no

significant differences were found despite the fact that the child BRS (LF and HF) was

18% lower than that of the adults (Table 4. 1 .2). Because of the large variability within

this measure, especially in the children, the sample size used might not have been

sufficient enough to produce significant results. The tendency for children to have lower

resting BRS than adults is supported by a study done by Lenard et al. (2004). This study

included 1 37 participants ranging from 7-22 years old who were further separated into

four age groups. The between-group comparisons in Lenard et al. (2004) revealed a

significant increase in BRS with an increase in age. However, studies by Dietrich et al.

(2006) and Tank et al. (2000) contradict this finding. It is possible that this opposing

conclusion is due to the method the researchers used to assign their age groups. Dietrich
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et al. {2006) only recruited children which fit into a very tight age range (10-13 years).

Even though these children did range from pre- to post-pubertal, it is possible that there

was not enough age difference between these two groups to produce any significant

results. This theory is supported by Lenard et al. (2004), which suggested that a

significant increase in resting BRS was not present until the age of at least 1 5 years.

Conversely, in the study done by Tank et al. (2000), the age range composing the

pediatric group was very broad, including any participant less than 20 years of age (mean

age: 15 ± 3 and 18 ± 2 for the females and males respectively). Given that Lenard et al.

(2004) found that those adolescents between the ages of 15 and 18 had the highest resting

BRS measurements, it would make sense that Tank et al. (2000) found that BRS was

greatest in their pediatric population and declined with age.

The seemingly lower BRS found in the children in this study could be the result

of an underdeveloped autonomic nervous system. The fact that both the HF and LF BRS

tended to be reduced in the boys compared with the men in our study suggests that both

the sympathetic and parasympathetic branches may still be immature. One measure of

autonomic function that was almost significantly different between children and adults in

this study was resting LF/HF HR ratio (Table 4.1.2). It was found that the pediatric group

had a nearly significantly lower LF/HF ratio compared with the adults (p=0.057). This

lower LF/HF ratio suggests that healthy pre-pubertal children may have a greater relative

parasympathetic dominance than adults (Constant et al. 2002, Ohuchi et al. 2000,

Vecrman et al. 1994, Yeragani et al. 1994).
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5.2.2 Baroreceptorfunction in response to LBNP

Increasing negative pressure caused a significant decline in LF BRS in the adult

group but had no significant affect on that of the pediatric group (Table 4.2.1 and 4.3.1).

An orthostatic induced decrease in LF BRS in adults has been previously noted in past

research {Dietrich et al. 2006, Furlan et al. 2001). A recent study done by Furlan el al.

(2001) exposed adult participants to LBNP ranging from 10 to 40 mmHg. This study

found that LF BRS significantly declined following exposure to 20 mmHg of LBNP and

continued to further decline until the end of the protocol. The attenuation in LF BRS

recorded by Furlan et al. (2001) parallels well with our study with the measure

decreasing in Furlan et al. (2001) and our study from 23.8 ± 3.3 to 15.6 ± 4.6 ms/mmHg

and from 20.4 ± 5.3 to 13.8 ± 3.7 ms/mmHg at rest to 25 mmHg of LBNP respectively.

A recent study by Dietrich et al. (2006) supports the theory that children do not

experience the same drop in LF BRS as adults do upon an orthostatic stress. These

researchers monitored BRS during active standing in pre- and post-pubertal children and

demonstrated that although these groups did not differ in their baseline LF BRS, the post-

pubertal children experienced a much greater decline in this measure upon standing when

compared to the prepubertal group. The lack of attenuation in the LF BRS in the pre-

pubertal group was attributed to a less pronounced dynamic autonomic adaptation to an

orthostatic stress in the participants (Dietrich et al. 2006). Since the decrease in LF BRS

that occurs with standing has been suggested to be the result of the parasympathetic nerve

withdrawal as well as the increase in sympathetic nerve activation that happens during

orthostasis, it could be suggested that prepubertal children may have attenuated

autonomic control in both the parasympathetic and sympathetic arms (Dietrich et al.
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2006, Furlan et al. 2001). One Finding within this study that supports the mechanistic

hypothesis that children may have attenuated parasympathetic withdrawal upon

orthostasis was the finding that in response to LBNP 25 mmHg, the HF BRS - BRS

dominated solely by the parasympathetic nervous system - had declined 1 8% in the adult

group but only a 5% decline was seen among the prepubertal boys (decreases not

significant for either group).

In addition to the decrease in LF BRS and HF BRS, the adult LF/HF ratio

appeared to increase more with increasing negative pressure than in the pediatric group

(76% versus 28% increase from rest to LBNP 25 mmHg, for the adults and children

respectively). Although statistical significance was not achieved in this study, the LF/HF

ratio almost doubled in the adult group. The tendency for LF/HF to increase in adults

during orthostasis has been previously shown in research {Furlan et al. 2001). Given that

the LF/HF ratio represents sympathovagal balance (Constant et al. 2002), it can be

suggested that there is a shift towards greater sympathetic modulation in the adults with

increasing LBNP. Supporting this are the many studies that have documented greater

sympathetic nerve activation in adults in response to an orthostatic stress (Rea and Wallin

1989, Shoemaker et al. 2001, Vissing et al. 1989). Children in this study experienced only

a very slight increase in LF/HF ratio. This suggests that children may not experience the

same shift towards sympathetic modulation that adults do in response to an orthostatic

stress. This attenuated shift towards sympathetic modulation compared to adults is

consistent with previous research documenting a reduced sympathetic response to both

exercise and laboratory stressors in children (Allen and Matthews 1997, Pullinen et al.

1998, Quigley and Slifter 2006). These results propose that along with lower
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parasympathetic maturation, children may also lack a fully developed sympathetic branch

of the autonomic system.

5.3 Hemodynamic responses to an orthostatic stress

5.3.1 Heart rate responses

Heart rate in the adult group showed a significant increase in response to greater

LBNP whereas, the HR response in the children showed an increasing trend that fell just

short of statistical significance (p=0.052) (Table 4.2. land 4.3.1). This significant increase

of HR in the adult group coincides with previous findings (Furlan et al. 2001, McKeever

et al. 1990, Pawelczyk and Raven 1989, Rea and Wallin 1989, Thompson et al. 1991). It

is likely that HR increases due to unloading of the baroreceptors during orthostasis,

which activates the baroreflex causing parasympathetic withdrawal and sympathetic

activation of the heart (McKeever et al. 1990, Thompson et al. 1991).

HR in the children did not show the same significant increase in response to the

negative pressure. Although not significant, there was a trend for HR to increase with

increasing LBNP (Table 4.3.1). Since this methodology has to our knowledge, never been

used in a pediatric sample for this purpose prior to now, it is impossible to know for sure

if the HR response seen in this study is typical. Other research that has employed active

standing in a child population does support this finding, documenting a similar dampened

HR response in children (Yamaguchi et al. 1996, Yamanaka and Honma 2006). One

particular study done by Yamaguchi et al. (1996) compared HR and blood pressure

reactions during active standing between prepubertal children and young adults. Upon
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standing, HR increased in all groups but the young adults experienced a higher HR

response compared with the pre-pubertal children. A similar attenuation of the child HR

response to active standing was noted in Yamanaka and Honma (2006). The less

profound HR increase in the current study may be the result of an underdeveloped

autonomic nervous system in the pre-pubertal boys. Specifically, the attenuated

parasympathetic withdrawal and reduced shift towards sympathetic modulation as

suggested by the lack of decline in LF and HF BRS and increase in LF/HF respectively

may be a possible mechanistic explanation for the minimized pediatric HR increase

during exposure to LBNP. Another factor which could aid in the explanation as to why

the children did not experience a significant increase in HR in response to negative

pressure, is the tendency for the children to have a lower resting LF BRS than the adults.

If the children do actually have a lower arterial BRS - which is possible as suggested by

Lenard et al. (2004) - then a much greater decline in SBP would have to be experienced

before the baroreceptor would be able to activate the appropriate autonomic response

needed to substantially increase the HR.

5.3.2 Blood pressure responses

Baseline SBP was significantly lower in the children compared with the adults

(Table 4. 1 .2). This difference is not uncommon and has been shown in previous research

(Allen et al 2000, Yamaguchi el al 1996, Yeragani el al. 1994). It has been suggested that

this difference could be attributed to the lower sympathovagal balance as represented by

the smaller LF/HF ratio typically found in children compared to adults (Yeragani et al.
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1994). This theory can be further supported by the results of this study, as the LF/HF

ratio in our child group had a strong tendency to be lower than that of our adults.

The DBP and MAP showed little to no change in response to increasing levels of

negative pressure in both the adult and child groups (Table 4.2.1 and 4.3.1). This

insignificant change of blood pressure to the lower levels of LBNP in adults has been

previously documented in research (Furlan et al. 2001, Pawelczyk and Raven 1989, Rea

and Wallin 1989). As very little has been done describing the childhood blood pressure

responses to a passive orthostatic stress, there is little if any research available to support

this finding.

Unlike DBP and MAP, SBP showed a decreasing trend in response to LBNP in

both children and adults, but this response was only significant in the pediatric group

(Table 4.2.1 and 4.3.1). In the adult group, SBP was not significantly affected by the

application of the orthostatic stress despite the decreasing trend found between baseline

and 25 mmHg of LBNP (p=0.089). This lack of significant SBP response to these mild

levels of LBNP is in agreement with several studies (Furlan et al. 2001, Pawelczyk and

Raven 1989, Rea and Wallin 1989). Similar to the current study, Pawelczyk and Raven

(1989) and Furlan et al. (2001) induced several separate conditions of LBNP on an adult

population. These researchers showed that in response to 40 mmHg of negative pressure

there was a significant decline in SBP, but despite the slight drop in SBP that began

around -20 mmHg, significance was not reached until the higher levels of LBNP.

In contrast to the adults, SBP significantly decreased in response to increasing

LBNP in the child group (Table 4.3.1). Specifically, SBP showed to significantly decline

at 25 mmHg of LBNP compared with both the rest and 15 mmHg conditions. Presently,





there is little if any research employing this methodology available to draw comparisons.

Most of the research generated on this topic has been done using either active standing or

HUT (Tanaka el al. 1994b, Yamanaka and Honma 2006). Although these studies also

noted a decline in SBP in response to an orthostatic stress, they are not a valid

comparison to the SBP response in this study as Tanaka et al. (1994b) and Yamanaka and

Honma (2006) exposed the children to a much larger orthostatic stimulus than the one

applied in the present study. This significant decline in SBP found only in the children

could be merely the consequence of the blunted HR response with the subsequent

decrease in Q. It could also be the result of the tendency towards lower LF BRS in the

pediatric sample. With less sensitive arterial baroreceptors, a larger drop in SBP would be

necessary to deactivate the baroreceptors, and initiate vasoconstriction. This could cause

a notable drop in SBP before the initiation of counteractive measures. Another possible

cause of the decreased SBP present in the child group could be linked to their only slight

increase in LF/HF ratio in response to LBNP. Since a higher LF/HF ratio could represent

a higher sympathetic modulation to the heart, it is possible that less profound

vasoconstrictive signals are also being directed to the vessels during orthostasis in the

children compared with the adults. Unfortunately, the data collected in this study can not

confirm these theories and further research concentrating on peripheral and splanchnic

blood flow and vascular resistance, as well as direct measures of sympathetic nerve

activity may be able to provide more insight into this issue.
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5.3.3 Bloodflow responses

All measures of blood flow in the adult group reacted as expected (Table 4.2.1).

The PV decreased consistently from rest to LBNP of 25 mmHg, which subsequently

resulted in a decrease in SV and Q. These changes are in accordance with the results of

past research (Ahmad et al. 1977, Johnson et al. 1974, Pawelczyk and Raven 1989). In

fact, the adult Q measured in the present study was almost identical to that measured in

Pawelczyk and Raven (1989). As for SV, it decreased by about 18% in the adult

population from rest to 25 mmHg of LBNP. This attenuation agrees well with the percent

SV decrease recorded in Ahmad et al. (1977).

Like the adult group, the children also experienced an overall significant decline

in SV and Q in response to the LBNP (Table 4.3. 1 ). However, there was an unexpected

lack of a statistically significant decline in the Q of the pediatric group at the highest level

of LBNP (p=0.065). Although it may seem as though there could be a physiological

explanation, because there was a substantial decline in stroke volume and only a very

small simultaneous increase in HR it seems as though the lack of significant decrease was

most probably the result of the high variability and low absolute value of this measure in

the child group.

5.3.4 Total peripheral resistance

Total peripheral resistance in both the children and the adults were

positively affected by the application of an orthostatic stimulus (Table 4.2.1 and 4.3.1).

Although this was noted in both sample groups, the adults experienced a more consistent

increase in TPR. In the adults, each level of LBNP evoked a TPR that was significantly
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greater than baseline. The TPR in the children on the other hand, was only greater than

baseline during exposure to 20 mmHg of negative pressure. The TPR increase in

response to an orthostatic stress is mediated by an increase in sympathetic nerve

activation (Veerman et al. 1994). In the adult group, the increase seen in this parameter in

response to LBNP is reasonable since it is widely known that adult sympathetic

stimulation increases upon orthostasis (Rea and Wallin 1989, Shoemaker et al. 2001,

Vissing et al. 1989). In regards to the children, the less consistent increase in TPR may or

may not have physiological significance. Since increased sympathetic stimulation causes

increased TPR (Veerman et al. 1994), it is possible that children experience less

consistent sympathetic nerve activation in response to an orthostatic stimulus. This theory

can be supported by the attenuated shift towards sympathetic modulation seen in our

child group. On the other hand, the inconsistencies may simply be mathematical. Since

TPR is a calculation of MAP/Q, it is possible that the variation in these parameters at the

higher levels may have affected the TPR. If the latter is true, a larger number of

participants would have prevented this problem.

5.4 Comparison between relative adult and child responses to LBNP

Analysis of between group interactions using a two-way repeated measures

ANOVA found that although there was a main effect of LBNP on HR, SBP and SV, there

were no significant group by level interactions found between the relative hemodynamic

or BRS responses to LBNP. Although no significant differences were found, these results

should be taken with some caution as the power of this statistical analysis within this

particular study sample was extremely low (0.05-0.286) for all measures due to low
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subject numbers and high measurement variability. Apart from the statistical analysis and

upon visual observation, it seems possible that given a larger sample size a group by level

interaction may become present within the relative BRS responses, with the children

experiencing attenuated responses compared to the adults (LF BRS at 25 mmHg of

LBNP: -17.6 ±31.1 ms/mmHg and -29.9 ± 1 8.5 ms/mmHg; HF BRS at 25 mmHg of

LBNP: -5.1 ± 36.9 ms/mmHg and -18.2 + 34.7 ms/mmHg; LF/HF at 25 mmHg of LBNP:

27.8 ± 56.4 and 75.9 ± 106.3 for children and adults respectively) (Figure 4.4.2, 4.4.3 and

4.4.4). In addition, HR may also show a group by level interaction if a larger sample was

used. This is suspected since even with a statistical power of only 0.286, there was a very

slight insignificant trend (p=0.097) for the children to have an attenuated relative HR

increase compared to the adults (Figure 4.4.
1
).

Another observation in regards to how the hemodynamic and baroreceptor

responses differ between adults and children is the point in which the arterial

baroreceptors unload. Through visual inspection of the data, it seems as though it is

possible that the intensity of LBNP required to unload the arterial baroreceptors may be

greater in young children compared to adults. Supporting this theory is the appearance

that a greater intensity of LBNP is required in the children compared to the adults to

initiate changes in HR and BRS. Through visual observation, it seems as though the

children do not experience any major changes in HR or BRS until LBNP 25 mmHg,

whereas it seems that the adults tend to experience changes upon exposure to LBNP 20

mmHg (Figure 4.4. 1 , 4.4.2, 4.4.3 and 4.4.4). If this observation is accurate, it may be due

to the children's tendency towards lowered resting BRS and attenuated autonomic

function compared to the adults. In light of these observations, it is important to stress
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that although it may seem that the arterial baroreceptors could be unloading at a greater

intensity of LBNP within the pediatric group, the results from this study can not confirm

this and more research is necessary to provide greater insight.

5.5 Validation ofLBNP in children

LBNP has never been used to our knowledge on a pediatric population prior to the

present study. With this in mind, it is valid to question whether this technique is placing

the same stimulus on a young child that it would on an adult participant. The most

accurate methods to determine if the same relative volume of blood is being transferred

from the central to the periphery is through invasive or complicated techniques, which

could be difficult to administer in a pediatric group (Brown et al. 1965). This study

attempted to quantify the magnitude of the effect of the LBNP chamber on children by

calculating the percent decrease in SV from rest to each condition of negative pressure.

This presented a rough idea of how much blood was pooling in the lower extremities

during the protocol. Through this measure it was found that both the children and adults

experienced a similar percent decline in SV with increasing LBNP. In fact, both groups

experienced an 18% decrease in SV from rest to 25 mmHg of LBNP (Table 4.2. 1 and

4.3. 1 ). This result agrees well with the results of past research (Ahmad el al. 1977) and

suggests that the methodology is exerting approximately the same stimulus on both the

children and adult subjects. This refutes the possibility that the different degree of

hemodynamic responses experienced between the two groups were merely the result of

varying effects of the methodology.
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5.6 Limitations

This study has a few limitations that may have ultimately affected the results. One

of these limitations included a small sample size. More participants in each group would

have provided greater statistical power, therefore strengthening our conclusions on the

effects of LBNP on baroreflex function, as well as Q and TPR in children. Also a larger

sample size would have provided the power necessary to strengthen the between group

comparisons. Another limitation included the fact that the respiratory rate was not

controlled for. This may have lead to an overestimation of our BRS measurements, as

well as the large variability seen within these parameters. However, controlling for the

respiratory rate could have placed unnecessary stress on the children, in turn affecting the

overall results (Tanaka el al. 1998). The third limitation is the cross-sectional design of

the current study. Without a longitudinal study, it is hard to say with certainty how

development affects the cardiovascular system's ability to adapt to an orthostatic stress.

5. 7 Future directions

This study could lead into a wide spectrum of future research. First, it would be

useful to do a follow-up study using the same protocol, but measuring forearm and

splanchnic blood flow and vascular resistance. This could provide some evidence

supporting the mechanistic hypotheses within this paper. It could also provide a

description of how the cardiopulmonary and arterial baroreceptors work together to adapt

to an orthostatic stress in children throughout development. Other future directions

include attempting higher levels of LBNP and conducting larger longitudinal studies

which follow prepubertal children throughout development and quantify how their
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autonomic and cardiovascular systems develop through puberty. Further future directions

include developing more in-depth clinical research focusing on the causes and

mechanisms of orthostatic intolerance in children.

5.8 Conclusions

In conclusion, the results of this study suggest that pre-pubertal males experience

hemodynamic adaptations in response to LBNP. More specifically, pre-pubescent males

demonstrated a blunted HR response and an exaggerated drop in SBP compared to the

adults. In addition, overall resting baroreflex function was attenuated in the boys

compared to the men. These differences are most likely due to a developing autonomic

system in the pre-pubertal children. The results of this study further emphasize the

importance of creating and using child specific reference values for autonomic and

cardiovascular indices when diagnosing and treating children with orthostatic

intolerances.
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(b) Describe any restrictions regarding access to or disclosure of information (during

or at the end of the study) that the sponsor has placed on the investigator(s).
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SECTION B - SUMMARY OF THE PROPOSED RESEARCH

9. Rationale:

Describe the purpose and background rationale for the proposed project, as well as the

hypothesises )/research question(s) to be examined.

The proposed study aims to begin building a knowledge base describing the physiological adaptations of

the cardiovascular system in response to graded levels of applied orthostatic stress in pre-pubescent

children. Using lower body negative pressure to induce various levels of orthostatic stress, physiological

measures of baroreceptor function and baroreflex sensitivity will be compared between male children

and adults. These measures have been determined in great detail in the adult population but have yet to

be determined in a child or adolescent population.

Research defining the adaptations to an orthostatic stress in children and how they compare to adults is

very limited. No research presently exists that describes how each type of baroreceptor, cardiopulmonary

and arterial, contributes to the adaptation to an orthostatic stress. Determining how the child's

cardiovascular system adapts to an orthostatic stress is important, as previous literature has suggested

that children and adolescents tend to have an increased susceptibility to orthostatic intolerance (Lewis et

al. 1997. Stewart 2002). Presently, most of the research that does exist focuses on changes in blood

pressure and heart rate during active standing. Some research has suggested that upon active standing

children tend to have a lower heart rate rise than adolescents and adults (Yamaguchi et al. 1996,

Yanuinaka and Honma 2006). This lowered heart rate rise has been suggested to be due to the lack of a

fully matured parasympathetic nerve function prior to early adulthood (Yamanaka and Honma 2006). A
study done by Srinivasan et al. (2002) comparing heart rate variability between children, young adults

and elderly humans found that heart rate variability was greatest in the young adults followed by children

and lowest in the elderly population. Although the difference between the young adult and the children

was not significant, likely because of an insufficient sample size, it suggests that children may have a

dampened autonomic response to an orthostatic stress when compared to young adults. Dietrich et al.

(2006) is presently the only study to quantify baroreflex sensitivity during a postural change. This study

concluded that the baroreflex sensitivity in a pre-adolescent and adolescent population decreased

significantly when moving from a supine to standing position. Although no differences in baroreflex

sensitivity between the two study samples were noted in a supine position, during active standing the

baroreflex sensitivity decreased to a greater extent in the adolescent population when compared to the

pre-adolescent population. This might suggests a greater dynamic autonomic adaptation to orthostatic

stress in the adolescent population compared to the pre-adolescent population (Dietrich et al. 2006). In

light of the lack of research and high prevalence of inconclusive results surrounding this topic, it is clear

that more research is necessary to fully understand the hemodynamic adaptations of children to both

active and passive orthostatic stress.

In an attempt to fill some of the research gaps surrounding the cardiovascular responses of children to an

orthostatic stress, the objectives of this study include: I ) To determine the hemodynamic responses that

occur in pre-pubescent children compared to young adult when exposed to varying levels of orthostatic

stress and 2) To determine the baroreflex sensitivity in pre-pubescent children compared to adults at rest

and during orthostatic stress.

It is hypothesized that upon an orthostatic stress children will react much like adults. At low levels of

orthostatic stress, it is believed that the forearm blood flow will decrease and the forearm vascular

resistance will increase. At the higher levels of orthostatic stress it is hypothesized that stroke volume
will decrease and heart rate will increase. It is also believed that these changes will occur at a greater

level of orthostatic stress in the pre-pubescent population compared to the adult population as past

research has suggested that baroreflex sensitivity may be lower in pre-pubescent children than in young
adults ih-nanl tt al 2004). It is also hypothesized that children will have lowered baroreflex sensitivity

than the adults al all levels of orthostatic stress. This age difference has been previously shown in Lenard
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et al. (2004) during resting conditions.

The proposed study is unique as it will be the first to quantify baroreflex sensitivity in children during a

passive orthostatic stress. Another unique aspect to this study is that it will be the first to examine the

time point in which the cardiopulmonary and arterial baroreceptors become deactivated in children

during an induced orthostatic stress.

10. Methods:

Are any of the following procedures or methods involved in this study? Check all that apply.

[ ] Questionnaire (mail) [ ] Focus Groups [^] Non-invasive physical

[ ] Questionnaire (email/web)
[ ] Journals measurement (e.g., exercise,

[^] Questionnaire (in person) [ ] Audio/video taping heart rate, blood pressure)

( ] Interview(s) (telephone) [ ] Unobtrusive observations
[ ] Analysis of human tissue,

| ] Interview(s) (in person) [ ] Invasive physiological body fluids, etc.

[ } Secondary Data measurements (e.g., [ ] Other: (specify)

I ] Computer-administered tasks ventipuncture,

muscle biopsies)

Describe sequentially, and in detail, all procedures in which the research participants will be

involved (e.g., paper and pencil tasks, interviews, questionnaires, physical assessments,

physiological tests, time requirements, etc.) Attach a copy of all questionnaire(s), interview

guides, or other test instruments.

Procedures

After expressing interest in the study, participants meeting the inclusion criteria and their parents will be

asked to read an information sheet on the study, sign a consent form and complete a medical

questionnaire (see attached).

Some factors, such as food, exercise and temperature have been purported to affect sympathetic nerve

activity. To account for this, subjects will be asked to fast for 4-hours prior to the testing session, avoid

caffeine and refrain from excessive exercise on the testing days. Upon arrival at the laboratory for each

visit, each subject will be given a predetermined snack of one granola bar specified as nut free and one

bottle of apple juice. All testing will be conducted in a temperature controlled room.

This study will consist of three separate, one hour visits to the laboratory. The first visit to the laboratory

will be used to obtain consent, medical information and physical characteristics. Physical characteristics

will include weight, height, skinfold thickness, age and Tanner stage (see attached). These will be

recorded, along with current medical conditions, medications and medical/family history of disease.

After obtaining all necessary information each participant will undergo a familiarization procedure

designed to habituate him to the testing environment and equipment. All data collected on this day will

be thrown out.

During the second and third visit each participant will undergo the testing protocol. Upon arrival to the

laboratory the participant will be asked to will void their bladder before experimental testing, as this has

been shown to have an effect on sympathetic nerve activity and hence blood pressure (Fagius and
Karhuvaara 1989). Once they return they will lie supine in the lower body negative pressure chamber
and the chamber will be scaled at the hips. Once sealed the participant will be instrumented with a 3-lead

ECG and a finger cuff (Finapres > placed on the third digit of the left hand for beat-by-beat heart rate and

blood pressure measures respectively. After ten minutes of acclimatization, three resting blood pressure

measures will be obtained manually using a sphygmomanometer and stethoscope. Following manual
blood pressure measurements. 5 minutes of beat by beat heart rale and blcxxl pressure will be recorded.

Also during the resting state, one minute of continuous forearm blood flow and cardiac output will be
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measured non-invasively using Doppler echocardiography. Once resting measurements have been

recorded, one level of orthostatic stress will be induced using lower body negative pressure for a five-

minute duration. During the application of the orthostatic stress beat-by-beat heart rate and beat-by-beat

blood pressure will be continuously monitored and recorded. One-minute of continuous forearm blood

flow and cardiac output will be recorded as well. After the induction of the orthostatic stress, a ten-

minute resting period will be provided to allow physiological measurements to return to resting state.

Beat-by-beat heart rate and blood pressure will be monitored to ensure a resting state has been obtained

before induction of another orthostatic stress. After the resting period, a different level of orthostatic

stress will be induced for five more minutes and the same measurements will be recorded as in the

previous level of orthostatic stress. Each participant will be asked to remain supine for ten-minutes after

the final application of orthostatic stress to allow their physiological measurements to return to resting

state. The only difference between visit two and visit three will be the levels of lower body negative

pressure that the participant is subjected to. These levels will be applied in varying orders, but each visit

will always consist of one low (-10 and -20 mmHg) and one high (-30 and -40 mmHg) level of lower

body negative pressure.

At the conclusion of the study, participants will be thanked for their involvement. Upon completion of

data analysis and interpretation, a summary sheet of the investigative findings will be given to ail

participants.

MeasurenH'nts

Body Composition Assessment: Body composition measures will be used to identify subjects within a

healthy range for body composition. These measures will consist of weight, body mass index and

percent body fat. Body mass index (BMI = weight/height
2
or kg/m

2
) will be determined using a dual-

purpose medical weight scale with height stadiometer. A healthy BMI will be determined using adult

and child specific charts. Since some discrepancy and controversy exist around using BMI to define a

healthy body weight, percentage of body fat will also be measured to verify BMI classification. Skinfold

thickness (mm) will be assessed at 2-sites (triceps and subscapular) using a Harpenden calliper (British

Indicators, Herts. England). Percent body fat will be calculated from the skinfold thickness

measurements using gender and age specific equations (Slaugher et al 1988, Lean et al. 1996).

Sexual Maturation Self-assessment: A questionnaire with drawings showing the Tanner's stages of

sexual maturation (1962) and taken from Taylor et al (2001) will be given to the participants to evaluate

their sexual status (see attached).

Heart rate and blood pressure measurements
Heart rate: Heart rate will be measured using a standard 3-lead electrocardiogram (ECG). The signals

will be collected using an online data acquisition and analysis system (Powerlab/16SP. ADInstruments

Pty Ltd. Castle Hill, Australia Model # ML 795) that inputs the signal into a personal computer

(Toshiba) using specialized data collection software (Chart 5, ADInstruments). The ECG recordings will

be saved for future analysis. Using the saved data, beat-by-beal R-R intervals will be determined. Each

R-R interval will be measured as the time between two consecutive R waves on the ECG. A mean heart

rale at rest and during each level of LBNP will be determined, as well as during the resting periods

between levels of applied LBNP

Blood pressure: After ten minutes of quiet rest, systolic and diastolic blood pressure will be measured

manually using a sphygmomanometer and stethoscope at the brachial artery. The manual measurement

will serve as a reference point for the correction of the beat-by-beat measurements obtained through the

Finapres. Following the manual blood pressure measurement, continuous bcat-by-beat systolic and

diastolic blood pressure will be obtained non-invasively using a Finapres (Model 2300, Ohmeda.
Englcwood, CA. USA). A small finger cuff of the Finapres will be placed on the second phalynx of the

middle finger of the left hand and the arm will be placed at the heart level (O'Leary et al. 2003). Five-

minutes of continuous beat-by-beat blood pressure will be recorded at rest and during each level of

imposed orthostatic stress. Beat-by-beal blood pressure will also be recorded during the resting periods

between each level of LBNP lo ensure lhal (he child has returned to a resting state, and the next level

will be started from baseline. This non-invasive method of beat-by-beat blood pressure collection has
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been previously validated in children (Tanaka et al. 1994a).

Lower body negative pressure (LBNP) protocol: All participants will be required to lie supine on the

laboratory bed with their legs and hips sealed in the LBNP chamber (Brown et al. 1965). Once sealed in

the chamber the participants will lay quietly, with their legs relaxed for ten minutes before beginning the

collection of resting data. After all baseline values have been obtained, application of the LBNP protocol

will begin. This protocol will consist of the random application of varying levels of LBNP. Each level of

LBNP will be applied for a total of five minutes, allowing sufficient time for beat-by-beat data collection

as well assuring that steady-state hemodynamic conditions have been achieved. Between each level of

LBNP a ten-minute resting period will be given. These intermittent resting periods will allow the

subject's cardiovascular system to return to the normal baseline values (Kimmerly and Shoemaker 2002).

The total negative pressure subjected by the LBNP chamber will be monitored through data collection

software (Chart 5, ADInstruments).

Blood flow measurements

Forearm bloodflow: Forearm blood flow will be determined during rest and at each level of induced

LBNP. Forearm blood flow will be measured using an 8-MHz linear array Doppler ultrasound probe

(Vivid I, GE Medical systems) placed 2-3 cm proximal to the antecubital fossa. The duplex function of

the same probe will be used to collect continuous images of the brachial artery simultaneously with the

mean blood velocity within the brachial artery. Images will be collected in B-Mode of the Doppler

ultrasound and the blood velocity signal will be output from the Doppler ultrasound into a Multigon unit

containing spectral analysis software. The Multigon unit will then output the continuous mean blood

velocity into an online data acquisition and analysis system (Powerlab/16SP, ADInstruments Pty Ltd,

Castle Hill. Australia Model # ML 795). The converted data will then be fed into a personal computer

(Toshiba) using specialized data collection software (Chart 5, ADInstruments) (Rakobowchuk et al.

2005). One-minute of continuous blood velocity data will be obtained for each level of LBNP and at all

baseline levels. This data will be saved on the personal computer and kept for future offline data

analysis.

Brachial artery diameters will be determined at all baseline levels and during each level of

induced LBNP. Mean diameter of the brachial artery will be determined using the average arterial

diameter calculated during the diastolic phase of three successive images. Diameters will be

automatically calculated using the measuring callipers available on the Doppler ultrasound unit (Vivid I,

GE Medical systems). Both mean blood velocity and brachial diameters will be calculated in the final

minute of the application of LBNP, to ensure that a steady-state has been achieved before data collection

begins.

The forearm blood flow will be used to determine the point in which cardiopulmonary

baroreceptors are deactivated and will be calculated as:

FBF = Mean blood Velocity x nr2 x s/beat x Heart Rate

Forearm vascular resistance: Forearm vascular resistance will be calculated for all levels of applied

stress and all baseline levels and it will be calculated as the mean arterial pressure (one-third pulse

pressure plus diastolic pressure) divided by forearm blood flow and expressed in peripheral resistance

units (Thompson et al. 1991). This measure will be used to provide evidence that the cardiopulmonary

baroreceptors have been unloaded.

Cardiac output: Cardiac output will be measured at baseline and all levels of LBNP. Measurement of

cardiac output will be similar to that of the forearm blood flow. A 2.5 MHz Doppler ultrasound

transducer will be placed at the suprasternal notch and a parasternal long-axis view will be obtained.

Using the duplex function of the probe, continuous images of the aortic artery and the stroke velocity

will be obtained in B-mode on the Doppler ultrasound unit (Vivid I, GE Medical systems). Like the

forearm blood flow, the stroke velocity will be input into a Multigon unit for spectral analysis, then

output into an online data acquisition and analysis unit (Powerlab/l6SP. ADInstruments Pty Ltd. Castle

Hill. Australia Model # ML 795). The converted data will then be fed into a personal computer
(Toshiba) using specialized data collection software (Chart 5, ADInstruments). Stroke velocity will be

recorded after one minute at each baseline and LBNP level, and will be continuously collected for a total

of one minute I he recorded stroke velocity will be saved in the computer and analy/ed offline
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(Kimmerly and Shoemaker 2001. OLeary el al. 2003).

Aortic diameters will be measured during systole, using the images collected in B-mode. The

diameter of the aorta in three successive images will be determined through the same methodology used

for the brachial artery. The three diameters will be averaged and the mean will be used for calculating

cardiac output.

Cardiac output will be calculated as:

Q = Mean blood Velocity xnr2 x s/beat x Heart Rate

Total peripheral resistance: Total peripheral resistance (TPR) will be calculated using cardiac output

and mean arterial pressure. This will be calculated as MAP/Q.

Heart Rate Baroreflex Sensitivity: Baroreflex sensitivity will be measured by determining the

relationship between beat-by-beat heart rate (beats/minute) and blood pressure collected during supine

rest and at all levels of LBNP. Beat-by-beat blood pressure will be obtained non-invasively using a

finger cuff photoplethysmograph system (Finapres). The heart rate will be recorded using 2 sets of 3-

lead electrocardiogram (ECG). Baroreflex sensitivity will be calculated using a transfer function

calculation, and will represent the change in heart rate (beats/minute) in response to a given change in

blood pressure (mmHg).

11. Professional Expertise/Qualifications:

Does this procedure require professional expertise/recognized qualifications? [^] Yes [ ] No

If YES, specify: ECG, and ultrasound techniques and methods

Professional expertise/experience will be required in placing the ECG in the appropriate location on

the body. As well as placement, an appropriate protocol in placing the ECG must be followed in order

to obtain accurate signals. As well as ECG, ultrasound imaging requires expertise and experience in

order to obtain an accurate image. Members of the research team that will be required to use either of

these methods for data collection will be trained by Dr. Deborah O'Leary who is highly trained in both

of these techniques. Following training, all members of the research team that will use these techniques

will be required to spend a number of hours practicing the technique prior to data collection.

All members on the research team have previous experience working with children in a research

setting. This experience was obtained through the various pediatric studies which have already been

completed our laboratory. Specifically, some of these pediatric studies include REB File # 04-419 and

REB File # 04-269.

Do you, your supervisor, or any members of your research team have the professional

expertise/recognized qualifications required?

[•1 Yes | ] No

12. Participants:

Describe the number of participants and any required demographics characteristics (e.g., age,

gender).

The proposed study will require twenty healthy male participants, ten of which will be pre-pubescent

boys between 8 and 1 1 years of age and ten will be adult males between 20 and 30 years of age. Each
participating subject will be required to fall within a healthy body weight, defined as a body mass index

(BMI) that falls between 18 and 24 kg/m
2
in the adult population and a BMI between the calculated

equivalent to the adult BMI between 18-24 kg/m
2
for the child population. Each participant will also be

required to be active. This will be defined as no less than two hours and no more than four hours of

participation in activity per week. The activity levels are being controlled for as there has been some
research that may suggest a slight effect of physical activity on the cardiovascular system's ability to

adapt to an orthostatic stress {Dietrich et al. 2006). The pubertal stage of each boy will be recorded using
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Tanner staging, and only those children presently in Tanner stage I will be included in the data

collection (Taylor et al. 2001). Various studies on both adults and children have found that blood

pressure control and responses to orthostatic stress are influenced by race, therefore only Caucasian

males will be included in this study (Dimsdale et al. 1987, Franke et al. 2004, Tanaka et al. 1994b). Any
adults or children classified as hypertensive will also be excluded from the study population as some
evidence suggests that this could affect the cardiovascular responses to an orthostatic stress (Ditto and
France 1990, McCrory et al. 1982). Further exclusion criteria will include any child or adult with a pre-

existing condition related to the cardiovascular system or diabetes, the use of any cardiovascular

medications such as blood pressure medication, children with diseases of the respiratory system or any
person above or below a healthy body weight. Subject screening will be conducted by the principal

and/or co-investigators of this study.

13. Recruitment:

Describe how and from what sources the participants will be recruited, including any relationship

between the investigator(s), sponsor(s) and participant(s) (e.g., family member, instructor-student;

manager-employee).

Attach a copy ofany posters), advertisement(s) or letterjs) to be used for recruitment.

The pre-pubescent boys recruited for this study will be children selected from a pool of subjects who
have already participated in a previous cardiovascular study in the laboratory (REB File # 04-419). The
parents of the children who are selected from this pool of subjects will be contacted by phone and asked

if they would be interested in letting their children participating in the current research endeavor. No
additional children beyond those which have been previously used will be recruited.

Adult males will be recruited using advertisement flyers hung up around the Brock University campus
(see flyer attached). The purpose and potential risks of the study will be carefully explained to both adult

participants and the parents of the participating children before obtaining consent.

14. Compensation: Yes No

(a) Will participants receive compensation for participation? [•] [ ]

(b) If yes, please provide details.

Since parents are taking time out of their busy schedule, we feel that it is essential to reimburse parents

for the travel and parking expenses they incur coming to Brock University. The amount of
reimbursement for travel and parking will be limited to a maximum of $20.
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SECTION C - DESCRIPTION OF THE RISKS AND BENEFITS OF THE PROPOSED
RESEARCH

IS. Possible Risks:

I. Indicate if the participants might experience any of the following risks:

a) Physical risks (including any bodily contact, physical stress, or

administration of any substance)?

b) Psychological risks (including feeling demeaned, embarrassed

worried or upset, emotional stress)?

c) Social risks (including possible loss of status, privacy, and / or

reputation)?

d) Are any possible risks to participants greater than those that the

participants might encounter in their everyday life?

e) Is there any deception involved?

Is there potential for participants to feel coerced into contributing to

this research (e.g., because of regular contact between them and the researcher)?

•] Yes [ ] No

] Yes [•] No

]Yes [•jNo

]Yes K]No

]Yes [•INo

]Yes K]No

2. If you answered Yes to any of la - If above, please explain the risk.

All Doppler Ultrasound procedures are non-invasive and offer minimal risk to participants. In rare

instances, participants may experience numbness and/or tingling in the area and/or a minor rash from

electrode adhesive and/or gel.

Lower body negative pressure procedures are also non-invasive and present little risk to the participants.

Some participants may experience dizziness or syncope upon higher levels of applied lower body

negative pressure. In past research, levels up to -50 mmHg have been applied safely (Johnson et al.

1974) and levels up to -80 mmHg have been applied with minimal experiences of syncope (Stevens and

Lamb 1965). The proposed study will only apply levels up to -40 mmHg. Lower body negative pressure

applied at this level has been shown to be extremely well tolerated in the participating subjects (Abboud

el al. 1979. Kimmerly and Shoemaker 2001). In the event of dizziness or syncope during testing,

minimal risk is present to the participants because they remain in a supine position throughout the entire

protocol. This prevents any risk of falling as a result of an episode of syncope. Continuous questioning at

all levels of applied stress will be done to determine whether the participant is feeling dizzy or faint. In

the event of any negative symptoms the chamber will be shut off immediately, thus terminating the

symptoms. In addition, all researchers present will be properly trained to deal with any potential dizzy

spells or syncope that could occur during testing.
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3. Describe how the risks will be managed (include the availability of appropriate medical or clinical

expertise, qualified persons). Give an explanation as to why less risky alternative approaches could not be

used.

Participants will be informed prior to the study (see attached informed consent) that they DO NOT have

to take part in any procedure of the investigation that causes them discomfort. In accordance,

participants know that they are able to withdraw from the study at any time, and all of their data

collected to date will be destroyed. Additionally, participants will be instructed to contact the study

coordinator if they feel any adverse effects from completing any portion of the investigation, and/or if

they have any questions or concerns. In addition, all laboratory personnel are certified in first aid and

CPR.

Lower body negative pressure is among the least risky options for inducing an orthostatic stress because

the participant remains in a supine position for the entire testing procedure. This prevents any possibility

of falling in the event of dizziness or syncope. Another benefit which makes lower body negative

pressure a very low risk method is the ability to instantly terminate the stimulus when necessary. For

these reasons, lower body negative pressure was chosen as the method to induce orthostatic stress.

16. Possible Benefits:

Discuss any potential direct benefits to the participants from their involvement in the project.

Comment on the (potential) benefits to the scientific community/society that would justify

involvement of participants in this study.

Currently the cardiovascular response to an orthostatic stress has been widely studied in the adult

population. Unfortunately, very little information describing how the developing cardiovascular system

in a pre-pubescent population adapts to a similar orthostatic stress presently exists. Specifically, a

complete absence of literature regarding the function and sensitivity of the baroreflex within the pre-

pubescent cardiovascular system exposed to an orthostatic stress still remains. The results of the

proposed study will begin the development of a basic knowledge of pre-pubescent baroreflex sensitivity

and baroreceptor function and how it compares to that of adults. This knowledge has important

implications to the scientific community and eventually the health care profession. Within the scientific

community, the results of this study can be used as an important stepping stone, providing initial

physiological information regarding baroreceptor function in developing children. These physiological

finds will open up many new research opportunities, such as examining the affects of negative childhood

health issues such as diabetes, obesity or a sedentary lifestyle on the adaptive qualities of the

cardiovascular system during childhood.

Within the health care profession, these results and the results of the research this study preludes, will

potentially provide "normal" values for baroreflex sensitivity and baroreceptor function in the childhood

population. These "normal" values will have implications in the health care profession as they will

provide a reference point for comparison when dealing with children prone to syncope, or

lightheadedness.
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SECTION D - THE INFORMED CONSENT PROCESS

17. The Consent Process:

Describe the process that the investigator(s) will be using to obtain informed consent. Include a

description of who will be obtaining the informed consent. If there will be no written consent

form, explain why not.

For information about the required elements in the letter of invitation and the consent form, as

well as samples, please refer to:

http://www.brocku.ca/researchservices/Certification&Polices/Certification&Polices App Guideli

nes.html

Ifapplicable, attach a copy ofthe Letter of Invitation, the Consent Form, the content ofany

telephone script and any other material that will he utilized in the informed consent process.

Interested subjects will be asked to contact the study coordinator for more information. At that time, a

meeting will be arranged to provide interested participants with an informed consent and medical

procedures information sheet (see attached). If individuals are interested in participating in the

investigation, they will be instructed to return signed consent forms to the coordinator, and a

familiarization session will be arranged.

NOTE: Similar consent forms have been previously approved in REB file #04-269 Peralta/O'Leary.

18. Consent by an authorized party:

If the participants are minors or for other reasons are not competent to consent, describe the

proposed alternative source of consent, including any permission form to be provided to the

person(s) providing the alternative consent.

The consent will be obtained from parents after a detailed explanation of the procedures and risk

involved in the experiments.

19. Alternatives to prior individual consent:

If obtaining individual participant consent prior to commencement of the research project is not

appropriate for this research, please explain and provide details for a proposed alternative consent

process.

N/A

20. Feedback to Participants:

Explain what feedback/ information will be provided to the participants after participation in the

project. Include, for example, a more complete description of the purpose of the research, and
access to the results of the research. Also, describe the method and timing for delivering the

feedback.

Participants and their parents will have access to their own data if they arc interested by contacting the

researchers. They will also have access to group data when it becomes available through a feedback
letter describing the main findings of the research.

117





21. Participant withdrawal:

a) Describe how the participants will be informed of their right to withdraw from the project.

Outline the procedures that will be followed to allow the participants to exercise this right.

It will be mentioned in the consent form at the outset of the study that participants are free to withdraw at

any time during the study, even though they have signed a consent form agreeing to participate.

Participants will be made aware (informed consent) that their participation (or lack thereof) will not

affect their participation in future research studies. If participants choose to withdraw, they are free to do
so with no questions asked. At that time, all information regarding the particular participant

(electronically collected data or otherwise) will be destroyed immediately, unless otherwise requested by

the participant.

b) Indicate what will be done with the participant's data and any consequences that withdrawal

might have on the participant, including any effect that withdrawal may have on participant

compensation.

At the time the participant decides to withdraw from the study, all information regarding the specific

participant will be destroyed and their withdrawal will have no consequences. Compensation will still be

given for any laboratory visits that the participant has been present at, despite withdrawal or refusal of

any procedures.

SECTION E - CONFIDENTIALITY & ANONYMITY

Confidentiality: information revealed by participants that holds the expectation of privacy (this

means that all data collected will not be shared with anyone except the researchers listed on this

application).

Anonymity: information revealed by participants will not have any distinctive character or

recognition factor, such that information can be matched to individual participants (any

information collected using audio-taping, video recording, or interview cannot be considered

anonymous).

22. Given the definitions above,

a) Will the data be treated as confidential? [•] Yes [ ] No

b) Are the data anonymous?
[ ] Yes |^|No

c) State who will have access to the data.

Information stored on computer disc will be password-accessible only, and will be available only to the

principal and co-investigators.

(d) Describe the procedures to be used to ensure anonymity of participants and/or confidentiality

of data both during the conduct of the research and in the release of its findings.

Following consent, all participants will be assigned an identification code. Only the investigators will

have access to the coding of the participants, and no mention of subject names will be used in any
publication or presentation. Participants will be identified by their identification code on all collection

tools (electronic or otherwise).
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c) If participant anonymity and/or confidentiality is not appropriate to this research project,

explain, providing details, how all participants will be advised that data will not be anonymous or

confidential.

N A

Explain how written records, video/audio tapes, and questionnaires will be secured, and provide

details of their final disposal or storage (including for how long they will be secured and the

disposal method to be used).

All paper data will be stored in a locked filing cabinet in the locked office of one of the investigators,

and all electronic data will be stored in a locked laboratory. Data will be disposed of (shredding,

removing of computer files) within five years following the completion of the study.

SECTION F - SECONDARY USE OF DATA

23. a) Is it your intention to reanalyze the data for purposes other than described in this application?

| J Yes [•jNo

b) Is it your intention to allow the study and data to be reanalyzed by colleagues, students, or

other researchers outside of the original research purposes? If this is the case, explain how
you will allow your participants the opportunity to choose to participate in a study where their

data would be distributed to others (state how you will contact participants to obtain their re-

consent)

There is no such intention.

c) If there are no plans to reanalyze the data for secondary purposes and yet, you wish to keep the

data indefinitely, please explain why.

There is no such intention.

SECTION G - MONITORING ONGOING RESEARCH

24. Annual Review and Serious Adverse Events (SAE):

a) Minimum review requires the completion of a "Renewal/Project Completed" form at least

annually. Indicate whether any additional monitoring or review would be appropriate for this

project.

It is the investigator's responsibility to notify the REB using the "Renewal/Project
Completed" form, when the project is completed, or if it is cancelled.

hUp://www.brocku.caJresearch<ienices/Forms/Forms.html

N/A

'Serious adverse events (unanticipated negative consequences or results affecting

participants) must be reported to the Research Ethics Officer and the REB Chair, as soon
as possible and in any event,

no more than 3 days subsequent to their occurrence.
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25. COMMENTS

If you experience any problems or have any questions about the Ethics Review Process at

Brock University, please feel free to contact the Research Ethics Office at (905) 688-5550

ext 3035, or reb@brocku.ca
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APPENDIX B

PARTICIPATE IN CARDIOVASCULAR RESEARCH

J|) Brock University

We would like to examine CARDIOVASCULAR
responses to ORTHOSTATIC STRESS.

We are looking for:

Healthy BOYS AND MEN (8-1 1 & 20-30 yrs):

o To participate in non-invasive cardiovascular

research

Study includes:

• Questionnaire and physical measurements
• 3 laboratory visits (approx. 1 hr each)

Compensation for travel expenses and parking will be

provided

IF INTERESTED PLEASE CONTACT:
Kristina Livingstone

(905) 680 5550 ext 4901

or email

kl05wv(a>brocku.ca
This study has been reviewed and ethics clearance has been received through the REB

(file #05-341)
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APPENDIX C

INFORMATION & CONSENT TO PARTICIPATE IN RESEARCH

FACULTY OF APPLIED HEALTH SCIENCES
BROCK UNIVERSITY

CARDIOVASCULAR HEMODYNAMIC REPSONES TO VARIOUS LEVES OF
ORTHOSTATIC STRESS IN CHILDREN

Your child is invited to participate in a research study being

(name)

conducted by the investigators listed below. Prior to participating in this study you are

asked to read this form which outlines the purpose and testing procedures and a separate

form that describes the medical procedures (Description of Medical Procedures) used in

this study. In addition you must answer some questions regarding your child's health

included in the attached forms (Subject Screening Questionnaire). The testing procedures

will be conducted at Brock University.

Primary Investigators ; Department : Phone : Email :

Dr. Nota Klentrou Physical Eduacation (905) 688-5550

and Kinesiology x4538 nota.klentrou@brocku.ca

Dr. Deborah O'Leary Community Health (905)688-5550

Science x4339 doleary@brocku.ca

PIRPOSE:

An orthostatic stress is the stress that the body experiences when a person moves from a

laying down position to a standing up position. How the adult cardiovascular system

adapts to an orthostatic stress has been a focus of research in the past. Unfortunately it is

unknown how the cardiovascular system in a child's body responds to this same stress.

The objectives of this study include: 1) To determine the cardiovascular responses that

occur in pre-pubescent boys compared to young adult males when exposed to different

levels of orthostatic stress and 2) To determine how efficient the cardiovascular system is

at compensating for an orthostatic stress, through measurements of baroreflex sensitivity

in pre-pubescent boys compared to adult males at rest and during orthostatic stress.

DESCRIPTION OF TESTING PROCEDURES:

After expressing interest and being recruited in the study you will visit our laboratory for

three, 1-hour sessions. In the first session, you and your child will be required to fill out a

questionnaire related to your child's sexual development (refer to Tanner Scales). Your
child's physical characteristics will also be evaluated during this visit. Following
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evaluation of your child's physical characteristics we will familiarize yourself and your

child with our laboratory by explaining all tests and running a mock trial. In the second

and third visits, two levels of orthostatic stress will be induced. Heart rate, blood

pressure, blood flow thru a main artery in the arm and blood flow from the heart will be

measured. At the end of the study, you will be given a summary sheet of the investigative

findings and reimbursement for your travel and parking expenses.

Before starting any testing, all tests will be explained to you and your child in full detail.

Then, your child's height, weight, body fat thickness, blood pressure in one of their arms,

blood flow in the forearm and blood flow from their heart will be measured. At the same
time heart rate and blood pressure in one of your child's fingers will be monitored

continuously. After measurements are taken at rest, an orthostatic stress will be placed on
your child and measurements of forearm blood flow and blood flow from the heart will

be retaken. Again heart rate and blood pressure in your child's finger will be monitored

continuously. Two levels of orthostatic stress will be induced per visit. Parents will be

allowed to accompany their children during all testing procedures if desired.

Because food, exercise, and temperature may affect the results of the exercise testing we
will ask you not to drink caffeine the day of testing, to refrain from eating at least 4-hours

before coming into the laboratory and not to engage in excessive exercise the day of your

testing. A pre-determined snack of a nut free granola bar and apple juice will be given to

each participant upon arrival to the laboratory. For the testing session it will be requested

that your child wear athletic attire. The following testing procedures will be described in

greater detail below:

Heart Rate

Blood Pressure Measurement

Forearm blood flow

Cardiac output

Lower body negative pressure

Heart Rate: Heart rate will be measured using sensors placed on the skin of your
child's chest. These electrodes are used to detect the electrical activity generated

by the heart and are not used to transmit electrical signals into your body from the

heart rate monitor.

Blood Pressure: Blood pressure is monitored using non-invasive methods. Blood
pressure will be measured at the arm and the finger. The first method involves an

arm cuff system that is similar to the method used in a doctor's office. A cuff is

wrapped around the upper arm and is inflated then deflated. To measure blood
pressure at the finger, a small finger cuff will be placed on the middle finger. This

cuff will inflate and deflate continuously for the entire testing procedure. No risk

is involved with either method.

Forearm Blood Flow: This method will be done using a small ultrasound probe
that allows visualization of a main artery in the upper arm (brachial artery). This
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transducer will be placed on the inside of the upper arm and will provide images

of the artery and the blood flow within the artery. This technique is non-invasive

and should provide no discomfort.

Cardiac Output: This method will be done using a small ultrasound probe that

allows visualization of a main artery in the chest (aortic artery). This transducer

will be placed on the chest and will provide images of the artery and the blood

flow coming from the heart. This technique is non-invasive and should provide no

discomfort.

Lower Body Negative Pressure: This method will require your child to lay down

with his legs in a chamber. This chamber will be sealed tightly at his hips. Upon

activation, a vacuum attached to the chamber will create a suction. This suction

will draw blood from the center of the body towards the legs. This action will

simulate an orthostatic stress (what happens when a person goes from a laying

down to a standing up position). This procedure is non-invasive and painless, but

at times dizziness or fainting could occur. In the event of a dizzy spell or fainting

the vacuum will be immediately terminated. In addition, experienced trained

personnel will be present to assist and answer all questions and concerns.

POTENTIAL RISKS AND DISCOMFORTS:

Please refer to the attached form entitled "Description of Medical Procedures" for a

complete description of the procedures to be performed during the study and the potential

risks associated with these procedures. If any injury occurs at any time during the

investigation, appropriate first aid/CPR will be administered and you will be advised to

seek necessary medical help.

BENKF1TS & REMUNERATION:

A potential benefit for your child's participation in this project is the knowledge of their

cardiovascular health as well as any underlying cardiovascular disease risk factors. You
will also be reimbursed for your travel and parking expenses at Brock University up to a

maximum of $20.

CONFIDENTIALITY:

All data collected during this study will remain confidential and stored in offices and on

secured computers to which only the principal and co-investigator have access. Any
questionnaire information will be stored in a filing cabinet. You should be aware that the

results of this study will be made available to the scientific community, through

publication in a scientific journal, although neither your name nor any reference to you

will be used in compiling or publishing these results. Data will be retained for 5 years
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after the date of publication, at which time all information will be destroyed.

Additionally, you will have access to your child's data, as well as the group data when it

becomes available and if you are interested.

PARTICIPATION & WITHDRAWAL:

You can choose whether your child participates in this study or not. You may exercise the

option of removing your child's data from the study if you wish. You may also refuse to

answer any questions posed to you and/or your child during the study and still remain as

a participant in the study. The investigators reserve the right to withdraw your child from

the study if they believe that circumstances have arisen which warrant doing so. In the

event of a withdrawal from the study compensation will still be given for any laboratory

visits your child is present for. Refusal to participate in any procedure will not effect the

compensation you receive for study participation.

RIGHTS OF RESEARCH PARTICIPANTS:

You will receive a signed copy of this ethic form. You may withdraw your consent to

participate in this study at any time, and you may also discontinue the participation of

your child at any time without penalty. In signing this consent form or in participating in

this study you are not waiving any legal claims or remedies. This study has been

reviewed and received clearance from the Brock University Research Ethics Board (File

#05-341). If you have any further questions regarding your or your child's rights as a

research participant contact the Research Ethics Officer in the Office of Research

Services at (905) 688-5550 x3035 or email at reb@brocku.ca.

INFORMATION:

Please contact Dr. Deborah O'Leary at 905-688-5550 (x4339) or Dr. Nota Klentrou at

905-688-5550 (x4538) if you have any questions about the study.
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I HAVE READ AND UNDERSTAND THE ABOVE EXPLANATION OF THE

PURPOSE AND PROCEDURES OF THE PROJECT. I HAVE ALSO READ AND

UNDERSTOOD THE ATTACHED FORM ENTITLED "DESCRIPTION OF

MEDICAL PROCEDURES" AND COMPLETED THE ATTACHED FORM

ENTITLED "SUBJECT SCREENING QUESTIONNAIRE" AND AGREE TO

ALLOW MY CHILD TO PARTICIPATE AS A SUBJECT. I HAVE ALSO

RECEIVED A SIGNED COPY OF THE INFORMATION AND CONSENT

FORM. MY QUESTIONS HAVE BEEN ANSWERED TO MY SATISFACTION

AND I AGREE TO ALLOW MY CHILD TO PARTICIPATE IN THIS STUDY.

SIGNATURE DATE

PRINTED NAME OF PARENT/GUARDIAN DATE

WITNESS DATE

PRINTED NAME OF WITNESS

INVESTIGATOR:

In my judgment the participant is voluntarily and knowingly giving informed consent and

possesses the legal capacity to give informed consent and participate in this research

study.

SIGNATURE OF INVESTIGATOR DATE
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DESCRIPTION OF MEDICAL PROCEDURES

FACULTY OF APPLIED HEALTH SCIENCES, BROCK UNIVERSITY

Body Composition: Height and weight will be measured and used as indicators of body
composition. As well, relative body fat will be assessed using a non-invasive method that

measures skin thickness. No risk or discomfort is involved in any of these methods

Blood Pressure: Blood pressure will be monitored using two non-invasive methods that

involve the placement of an inflatable cuff around your upper arm and middle finger.

Blood pressure is measured both manually and automatically at predetermined times. No
risk is involved.

Heart Rate: Heart rate will be measured from 2 sets of 3 sensors positioned on the skin

of the chest. These sensors are used to detect the electrical activity generated by the heart

and are not used to transmit electrical signals into the body from the heart rate monitor.

Brachial Artery Diameter and Blood Flow: A large blood vessel in the arm (brachial

artery) will be measured using the arterial Doppler ultrasound method. A small

ultrasound probe will be placed on the inside of the upper arm and pictures of the artery

will be saved for later analysis. Along with pictures of the artery, blood flow through the

artery will be collected simultaneously with the same ultrasound probe. The blood flow

recorded will also be saved for later analysis.

A water-based gel will be spread over the skin surface on the inside of the upper arm and
a small Doppler ultrasound probe will be pressed against the right arm in the location of
the gel. The probe will be moved around until the best position is found. This procedure

causes little to no discomfort and will only require the participants to lay very still.

Aortic Diameter and Blood Flow: A large blood vessel in the chest (aorta) will be
measured using the arterial Doppler ultrasound method. A small ultrasound probe will be
placed in the center of the chest and pictures of the artery and the blood flow through the

artery will be collected simultaneously with the same ultrasound probe. Both the pictures

of the artery and the recorded blood flow will be saved for later analysis.

Like with the brachial artery, a water-based gel will be placed on the skin surface in the

center of the chest and a small Doppler ultrasound probe will be pressed against the chest

where the gel is located. In order to find the best position, the probe will be moved
around slightly. This procedure causes little to no discomfort and only requires the

participants to remain still.

Lower Body Negative Pressure: This method will be used in order to provoke an
orthostatic stress, simulating the movement from a lying down to a standing up position.

The participant will lay flat on a bed with the lower half of their body in the chamber.
The chamber will be scaled tightly around the waist. A vacuum will be attached to the
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chamber and will provide suction within the chamber. This suction will draw a portion of

blood from the center of the body towards the legs.

In total four different levels of orthostatic stress will be applied to each participant over

two separate laboratory visits. These levels will range from a very mild stimulus to a

moderate stimulus. Although the stimulus will be no stronger than the stimulus

experienced when a person moves from a lying down to a standing up position there is a

slight chance that the participant will experience a feeling of dizziness or even faint.

Fainting will be prevented when possible by continuously monitoring the participant's

state through questioning. In the event of dizziness or fainting, the suction will be

immediately terminated. As the participant is already in a laying position there is no risk

of falling.
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SUBJECT SCREENING QUESTIONNAIRE

FACULTY OF APPLIED HEALTH SCIENCES, BROCK UNIVERSITY

Your responses to this questionnaire are confidential and you are asked to complete it for

your own health and safety. If you answer "YES" to any of the following questions,

please give additional details in the space provided and discuss the matter with one of the

investigators. You may refuse to answer any of the following questions.

Name: Date:

1

.

Have you ever been told that you have a heart problem?

YES NO

Have you ever been told that you have a breathing problem such as asthma?

YES NO

Have you ever been told that you sometimes experience seizures?

YES NO

Have you ever had any major joint instability or ongoing chronic pain such as in

the knee, back or elbow?

YES NO

5. Have you ever been told that you have kidney problems?

YES NO
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6. Have you had any allergies to medication?

YES NO

7. Have you had any allergies to food or environmental factors?

YES NO

8. Have you had any stomach problems such as ulcers?

YES NO

9. When you experience a cut do you take a long time to stop bleeding?

YES NO

10. When you receive a blow to a muscle do you develop bruises easily?

YES NO

11. Are you currently taking any medication (including aspirin) or have you taken any

medication in the last two days?

YES NO

12. Is there any medical condition with which you have been diagnosed and arc under

the care of a physician (e.g. diabetes, high blood pressure)?

YES NO
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APPENDIX D

INFORMATION & ASSENT TO PARTICIPATE IN RESEARCH

FACULTY OF APPLIED HEALTH SCIENCES
BROCK UNIVERSITY

CARDIOVASCULAR HEMODYNAMIC REPSONES TO VARIOUS LEVES OF
ORTHOSTA TIC STRESS IN CHILDREN

You are being invited to participate in a research study being conducted by the

investigators listed below. Prior to participating in this study please read this form with

your parent to find out about the purpose and the tests of this study. In addition you must

answer some questions regarding your health included in the attached forms (Subject

Screening Questionnaire) and have your parent sign this form as well as the consent

form. For the tests you will have to visit Brock University.

Primary Investigators : Department : Phone : Email :

Dr. Nota Klentrou Physical Eduacation (905) 688-5550

and Kinesiology x4538 nota.klentrou@brocku.ca

Dr. Deborah O'Leary Community Health (905) 688-5550

Science x4339 doleary@ brocku ,ca

PURPOSE:

An orthostatic stress is the stress that the body experiences when a person moves from a

laying down position to a standing up position. How the adult cardiovascular system

adapts to an orthostatic stress has been a focus of research in the past. Unfortunately it is

unknown how the cardiovascular system in a child's body responds to this same stress.

The objectives of this study include: I ) To determine the cardiovascular responses that

occur in pre-pubescent boys compared to young adult males when exposed to different

levels of orthostatic stress and 2) To determine how efficient the cardiovascular system is

at compensating for an orthostatic stress, through measurements of baroreflex sensitivity

in pre-pubescent boys compared to adult males at rest and during orthostatic stress.

DESCRIPTION OF TESTING PROCEDURES:

After expressing interest and being recruited in the study you will visit our laboratory for

three. I -hour sessions. In the first session, you will be required to fill out a questionnaire

related to your sexual developments and your physical characteristics will be evaluated.

Following evaluation of your physical characteristics we will familiarize you with our

laboratory by explaining all tests and running a mock trial. In the second and third visits,

two levels of orthostatic stress will be induced. Heart rate, blood pressure, blood flow
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thru a main artery in the arm and blood flow from the heart (cardiac output) will be

measured. At the end of the study, you will be given a summary sheet of the investigative

findings and reimbursement for your travel and parking expenses.

Before starting any testing, all tests will be explained to you in full detail. Then, your

height, weight, body fat thickness, blood pressure in one of your arms, blood flow in the

forearm and cardiac output will be measured. At the same time heart rate and blood

pressure in one of your fingers will be monitored continuously. After measurements are

taken at rest, an orthostatic stress will be induced and measurements of forearm blood

flow and cardiac output will be retaken. Again heart rate and blood pressure in your

finger will be monitored continuously. Two levels of orthostatic stress will be induced

per visit. Parents will be allowed to accompany their children during all testing

procedures if desired.

Because food, exercise, and temperature may affect the results of the exercise testing we
will ask you not to drink caffeine the day of testing, to refrain from eating at least 4-hours

before coming into the laboratory and not to engage in excessive exercise the day of your

testing. A pre-determined snack of a nut free granola bar and apple juice will be given to

each participant upon arrival to the laboratory. For the testing session it will be requested

that you wear athletic attire. The following testing procedures will be described in greater

detail below:

Heart Rate

Blood pressure measurement

Forearm blood flow

Cardiac output

Lower body negative pressure

Heart Rate: Heart rate will be measured using sensors placed on the skin of your

chest. These electrodes are used to detect the electrical activity generated by
your heart and are not used to transmit electrical signals into your body from the

heart rate monitor.

Blood Pressure: Blood pressure will be monitored using non-invasive methods.

Blood pressure will be measured at the arm and the finger. The first method
involves an arm cuff system that is similar to the method used in a doctor's office.

A cuff is wrapped around the upper arm and is inflated then deflated. To measure
blood pressure at the finger, a small finger cuff will be placed on the middle

finger. This cuff will inflate and deflate continuously for the entire testing

procedure. No risk is involved with either method.

Forearm Blood Flow: This method will be done using a small ultrasound probe

that allows visualization of a main artery in the upper arm (brachial artery). This

transducer will be placed on the inside of the upper arm and will provide images
of the artery and the blood flow within the artery. This technique is non-invasive

and should provide no discomfort.
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Cardiac Output: This method will be done using a small ultrasound probe that

allows visualization of a main artery in the chest (aortic artery). This transducer

will be placed on the chest and will provide images of the artery and the blood

flow coming from the heart. This technique is non-invasive and should provide no

discomfort.

Lower Body Negative Pressure: This method will require you to lay down with

your legs in a chamber. This chamber will be sealed tightly at your hips. Upon
activation, a vacuum attached to the chamber will create a suction. This suction

will draw blood from the center of the body towards the legs. This action will

simulate an orthostatic stress (what happens when a person goes from a laying

down to a standing up position). This procedure is non-invasive and painless, but

at times dizziness or fainting could occur. In the event of a dizzy spell or fainting

the vacuum will be immediately terminated. In addition, experienced trained

personnel will be present to assist and answer all questions and concerns.

POTENTIAL RISKS AND DISCOMFORTS:

With the assistance of your parents please refer to the attached form entitled "Description

of Medical Procedures" for a complete description of the procedures to be performed

during the study and the potential risks associated with these procedures. If any injury

occurs at any time during the investigation, appropriate first aid will be administered and

you will be advised to seek necessary medical help.

BENEFITS & REMUNERATION:

A potential benefit for your participation in this project is that you will given information

regarding your cardiovascular health and any underlying cardiovascular disease risk

factors. You will also be reimbursed for your travel and parking costs to Brock

University up to a maximum of $20.

CONFIDENTIALITY:

AH your data collected during this study will remain confidential and will be stored in

offices and on secured computers to which only the principal and co-investigator have

access. Exercise logs will be stored in a filing cabinet. You should be aware that the

results of this study will be made available to the scientists, through publication in a

scientific journal but your name and any personal data of you will not appear in

compiling or publishing these results. Data will be kept for 5 years after the date of

publication, at which time all information will be destroyed. Additionally, you will have

access to your own data, as well as the group data when it becomes available and if you

are interested.
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PARTICIPATION & WITHDRAWAL:

You can choose whether to participate in this study or not. You may remove your data

from the study if you wish. You may also refuse to answer any questions posed to you

during the study and still remain as a subject in the study. The investigators reserve the

right to withdraw you from the study if they believe that it is necessary. In the event of a

withdrawal from the study compensation will still be given for any laboratory visits you

are present for. Refusal to participate in any procedure will not effect the compensation

you receive for study participation.

RIGHTS OF RESEARCH PARTICIPANTS:

You will receive a signed copy of this ethics form. You may withdraw your consent to

participate in this study at any time, and you may also discontinue participation at any

time without penalty. In signing this consent form or in participating in this study you are

not waiving any legal claims or remedies. This study has been reviewed and received

clearance from the Brock University Research Ethics Board (File #05-341). If you have

any further questions regarding your rights as a research participant contact the Research

Ethics Officer in the Office of Research Services at (905) 688-5550 x3035 or email at

reb@brocku.ca.

INFORMATION:

Please contact Dr. Deborah O'Leary at 905-688-5550 (x4339). Dr. Nota Klentrou at 905-

688-5550 (x4538) if you have any questions about the study.

135





I HAVE READ AND UNDERSTAND THE ABOVE EXPLANATION OF THE

PURPOSE AND PROCEDURES OF THE PROJECT. I HAVE ALSO READ AND

UNDERSTOOD THE ATTACHED FORM ENTITLED "DESCRIPTION OF

MEDICAL PROCEDURES" AND COMPLETED THE ATTACHED FORM

ENTITLED "SUBJECT SCREENING QUESTIONNAIRE" AND AGREE TO

PARTICIPATE AS A SUBJECT. I HAVE ALSO RECEIVED A SIGNED COPY

OF THE INFORMATION AND CONSENT FORM. MY QUESTIONS HAVE

BEEN ANSWERED TO MY SATISFACTION AND I AGREE TO PARTICIPATE

IN THIS STUDY.

SIGNATURE of PARENT/GUARDIAN DATE

PRINTED NAME OF PARTICIPANT DATE

WITNESS DATE

PRINTED NAME OF WITNESS

INVESTIGATOR:

In my judgment the participant is voluntarily and knowingly giving informed consent and

possesses the legal capacity to give informed consent and participate in this research

study.

SIGNATURE OF INVESTIGATOR DATE
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APPENDIX E

Collection forms

Smoking Exposure Questionnaire

All parents participated in a brief survey to account for possible second hand smoke

exposure inside/outside of the household.

1. Which of the following best describes the smoking behaviours in your home by people

who live there?

No one smokes anywhere on the property -

No one smokes indoors at all -

People smoke in certain rooms only

People smoke except when young children are around

People smoke anywhere in the home

Don't know

Refuse to answer

2. On average, how many days per week is there smoking anywhere inside this home? #

of days per week

• Less than 1 day per week/rarely

• Don't know

• Refuse

3. Thinking about REGULAR visitors, how often does someone smoke inside your

home? Is it...

• Daily or almost everyday

• 3 to 4 times a day

• I to 2 times a day
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• Less than once a week to once a month

• Less than once a month -

• Not at alt -

• Don't know

• Refuse to answer

4. Which of the following best describe the behaviours of people smoking in the

PRIVATE vehicle you travel the most?

No one ever smokes -

People smoke except when children are present -

People smoke except when other adults are present

People smoke whenever they want

I do not travel in a private vehicle

Don't know

Refuse to answer
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SEXUAL MATURATION AUTOEVALUATION QUESTIONNAIRE (BOYS)
DEPARTMENT OF COMMUNITY HEALTH SCIENCES

BROCK UNIVERSITY

Directions: You should choose only one of the stages shown below. One stage

for genital development and one stage for pubic hair development.

• Pitas* took At the Pubic Hair only in

i picture*
i put a bck in th* box that look*

moat Mte you now

2.





Manual Blood Pressure Log Form

<
ft

SB
90
n





Subject:

Aortic root

Probe:

Power

FPS:

Baseline

Doppler Ultrasound Data Log Form

Examiner:

Frequency:

Depth:

Image #





LBNP-15

Image #





LBNP -25

Image #





APPENDIX F
Statistics - Descriptive Statistics

Children
Descriptive Statistics(a)





L20TPR





restingADD





L25MF





Statistics - Independent T-Test

Baseline values

T-Test Comparing Resting Values





Independent T-Tests





mat
urity





Equal

variances not

assumed





Independent Samples Test

resting

MF





Statistics - Intraclass Coefficient

Aortic Root Diameters

Case Processing Summary





Statistic - 1 way repeated measures ANOVA
Aortic Pilot Data

Children

Within-Subjects Factors

Measure: MEASURE 1

factort





Adults

Within-Subjects Factors

Measure: ASD

facton





Statistics - 1 way repeated measures ANOVA
Baseline Statistics

Children - HR

Within-Subjects Factors

Measure: HR

factorl





Adults - HR

Within-Subjects Factors

Measure: HR

factorl





Children - SBP

Multivariate Tests(b.c)

Effect





Tests of Within-Subjects Effects(a)

Measure: SBP

Source





Tests of Within-Subjects Effects(a)

Measure: DBP





Child - MAP

Multivariate Tests(b.c)

E-fec;





Tests of Within-Subjects Effects(a)

Measure: MAP





Tests of Within-Subjects Effects(a)

Measure: TPR





Children - PV

Multivariate Tests(b.c)

Effect





Tests of Within-Subjects Effects(a)

Measure: PV





Adult - SV

Multivariate Tests(b.c)

Effect





Tests of Within-Subjects Effects(a)

Measure: CO





Tests of Within-Subjects Effects(a)

Measure: CO





Statistics - 1 way repeated measures ANOVA

Cardiovascular measures at rest and during LBNP

Child Measurements

Heart Rate

Data source: CHILD DATA in MORE STATS

Normality Test: Passed (P = 0.209)

Equal Variance Test: Passed (P = 0. 1 3 1

)

Treatment Name





All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor:

Comparison





Mean Arterial Pressure

Data source: CHILD DATA in MORE STATS

Normality Test: Passed (P = 0.466)

Equal Variance Test: Passed (P = 0.985)

Treatment Name





of Means





High Frequency Baroreceptor Sensitivity

Data source: CHILD DATA in MORE STATS

Normality Test: Failed (P< 0.050)

Equal Variance Test: Passed (P = 0.440)

Treatment Name





Peak aortic blood flow velocity

Data source: CHILD DATA in MORE STATS

Normality Test: Passed (P = 0.484)

Equal Variance Test: Passed (P = 0.647)

Treatment Name





Stroke Volume

Data source: CHILD DATA in MORE STATS

Normality Test: Passed (P = 0.566)

Equal Variance Test: Passed (P = 0.931)

Treatment Name





Cardiac Output

Data source: CHILD DATA in MORE STATS

Normality Test: Passed (P = 0.260)

Equal Variance Test: Passed (P = 0.940)

Treatment Name





% Decrease in Stroke Volume from Rest

Data source: CHILD DATA in MORE STATS

Normality Test: Passed (P = 0.276)

Equal Variance Test: Passed (P = 0.800)

Treatment Name





Adult Measurements

Heart Rate

Data source: ADULT DATA in MORESTATS2

Normality Test: Passed (P = 0.107)

Equal Variance Test: Passed (P = 0.346)

Treatment Name





Systolic Blood Pressure

Data source: ADULT DATA in MORESTATS2

Normality Test: Failed (P < 0.050)

Equal Variance Test: Passed (P = 0.099)

Treatment Name





Diastolic Blood Pressure

Data source: ADULT DATA in MORESTATS2

Normality Test: Failed (P < 0.050)

Equal Variance Test: Passed (P = 0.440)

Treatment Name





Total Peripheral Resistance

Data source: ADULT DATA in MORESTATS2

Normality Test: Passed (P = 0.108)

Equal Variance Test: Failed (P < 0.050)

Treatment Name





Low Frequency Baroreceptor Sensitivity

Data source: ADULT DATA in MORESTATS2

Normality Test: Failed (P < 0.050)

Equal Variance Test: Passed (P = 0.478)

Treatment Name





High Frequency Baroreceptor Sensitivity

Data source: ADULT DATA in MORESTATS2

Normality Test: Failed (P < 0.050)

Equal Variance Test: Passed (P = 0.801)

Treatment Name





Peak Aortic Blood Flow Velocity

Data source: ADULT DATA in MORESTATS2

Normality Test: Passed (P = 0.549)

Equal Variance Test: Passed (P = 0.121)

Treatment Name N Missing Mean Std Dev SEM
PVR 10 24.193 3.757 1.188

PV15 10 20.985 3.011 0.952

PV20 10 19.915 2.609 0.825

PV25 10 19.704 3.125 0.988

Source of Variation DF SS MS F P
Between Subjects 9 310.155 34.462

Between Treatments 3 128.935 42.978 24.394 <0.001

Residual 27 47.569 1.762

Total 39 486.659

The differences in the mean values among the treatment groups are greater than would be expected by

chance; there is a statistically significant difference (P = <0.00l ). To isolate the group or groups that differ

from the others use a multiple comparison procedure.

All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor:

Comparison





Stroke Volume

Data source: ADULT DATA in MORESTATS2

Normality Test: Passed (P = 0.170)

Equal Variance Test: Passed (P = 0.874)

Treatment Name





p





All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor:

Comparison Diff of Means

SVRRvs. SVR25 17.886

SVRR vs. SVR20 15.469

SVRR vs. SVR15 8.552

SVRI5vs. SVR25 9.334 4 5.163 0.006 Yes

SVR15vs.SVR20 6.917 4 3.826 0.054 No

SVR20 vs. SVR25 2.417 4 1.337 0.781 No

p





Statistics: Two Way Repeated Measures ANOVA
Adults versus Children

Heart Rate Response

Two Way Repeated Measures ANOVA (One Factor Repetition) Tuesday, June 1 2, 2007, 2:38:32 PM

Data source: PERCENT CHANGE - 2WAY ANOVA in 2WAYANOVA

Balanced Design

Dependent Variable: HR

Normality Test: Passed (P = 0.370)

Equal Variance Test:





All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor: LEVEL
Comparison DifT of Means
4.000 vs. 2.000 5.408

4.000 vs. 3.000 4.261

3.000 vs. 2.000 1.147

p





Least square means for GROUP x LEVEL :

Group Mean
1.000x2.000 -0.963

1.000x3.000 -0.983

1.000x4.000 -6.810

2.000x2.000 -1.927

2.000 x 3.000 -7.720

2.000 x 4.000 -7.298

StdErrofLSMean= 1.950

All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor: LEVEL
Comparison DifT of Means p q P P<0.050

2.000 vs. 4.000 5.609 3 4.068 0.018 Yes

2.000 vs. 3.000 2.907 3 2.108 0.307 No
3.000 vs. 4.000 2.703 3 1.960 0.359 No

Diastolic Blood Pressure Response

Two Way Repeated Measures ANOVA (One Factor Repetition) Tuesday, June 12, 2007, 2:40:42 PM

Data source: PERCENT CHANGE - 2WAY ANOVA in 2WAYANOVA

Balanced Design

Dependent Variable: DBP

Normality Test: Failed (P < 0.050)

Equal Variance Test:





Least square means for LEVEL :

Group Mean
2.000 1.812

3.000 2.476

4.000 3.047

StdErrofLSMean= 1.424

Least square means for GROUP x LEVEL
Group





Least square means for LEVEL :

Group Mean
2.000 0.0198

3.000 -0.847

4.000 -1.686

StdErrofLSMean= 1.111

Least square means for GROUP x LEVEL
Group Mean
1.000x2.000 1.410

1.000x3.000 2.534

1.000x4.000 -0.646

2.000x2.000 -1.370

2.000 x 3.000 -4.228

2.000 x 4.000 -2.726

StdErrofLSMean= 1.571

Total Peripheral Resistance Response

Two Way Repeated Measures ANOVA (One Factor Repetition) Tuesday, June 12, 2007, 2:42:03 PM

Data source: PERCENT CHANGE - 2WAY ANOVA in 2WAYANOVA

Balanced Design

Dependent Variable: TPR

Normality Test: Failed (P < 0.050)

Equal Variance Test:





Least square means for LEVEL :

Group Mean
2.000 14.010

3.000 26.456

4.000 22.652

Std Err ofLS Mean =4.141

Least square means for GROUP x LEVEL :

Group Mean
1.000x2.000 13.785

1.000x3.000 35.362

1.000x4.000 24.114

2.000 x 2.000 14.234

2.000x3.000 17.550

2.000x4.000 21.189

Std Err of LS Mean = 5.856

Low Frequency Baroreceptor Sensitivity Response

Two Way Repeated Measures ANOVA (One Factor Repetition) Tuesday, June 12, 2007, 2:42:36 PM

Data source: PERCENT CHANGE - 2WAY ANOVA in 2WAYANOVA

Balanced Design

Dependent Variable: LFBRS

Normality Test: Failed (P < 0.050)

Equal Variance Test:





Least square means for LEVEL :

Group Mean
2.000 -14.384

3.000 -11.404

4.000 -23.819

Std Err of LS Mean = 3.758

Least square means for GROUP x LEVEL :

Group Mean
1.000x2.000 -3.919

1.000x3.000 0.806

1.000x4.000 -17.695

2.000 x 2.000 -24.849

2.000x3.000 -23.615

2.000 x 4.000 -29.942

Std Err of LS Mean = 5.3 1

5

All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor: GROUP
Comparison Diff of Means
1.000 vs. 2.000 19.199

P
->

q
3.185

P
0.037

P<0.050

Yes

High Frequency Baroreceptor Sensitivity Response

Two Way Repeated Measures ANOVA (One Factor Repetition) Monday, June 18, 2007, 8:25:51 PM

Data source: PC 2 way wo rest in 2WAY WO REST

Balanced Design

Dependent Variable: hfbrs

Normality Test: Failed (P < 0.050)

Equal Variance Test: Passed (P = 0.915)

Source of Variation





Least square means for group :

Group Mean
1.000 -7.093

2.000 -14.874

Std Err ofLS Mean = 7.712

Least square means for level

:

Group Mean
2.000 -11.326

3.000 -9.961

4.000 -11.663

Std Err of LS Mean = 5.076

Least square means for group x level

Group





Least square means for GROUP :

Group Mean
1.000 18.898

2.000 63.244

Std Err of LS Mean = 20.986

Least square means for LEVEL :

Group Mean
2.000 23.609

3.000 47.720

4.000 51.885

Std Err of LS Mean = 1 2.625

Least square means for GROUP x LEVEL
Group





Least square means for GROUP :

Group Mean
1.000 -15.788

2.000 -16.454

Sid Err ofLS Mean = 3.201

Least square means for LEVEL :

Group Mean
2.000 -11.868

3.000 -18.571

4.000 -17.924

StdErrofLSMean= 1.975

Least square means for GROUP x LEVEL :

Group





Power of performed test with alpha = 0.0500: for GROUP : 0.0500

Power of performed test with alpha = 0.0500: for LEVEL : 0.505

Power of performed test with alpha = 0.0500: for GROUP x LEVEL : 0.0500

Least square means for GROUP :

Group Mean
1.000 -15.270

2.000 -13.969

Std Err of LS Mean = 3.462

Least square means for LEVEL :

Group Mean
2.000 -9.311

3.000 -16.919

4.000 -17.628

Std Err of LS Mean = 2.372

Least square means for GROUP x LEVEL :

Group





Source of Variation

GROUP
SUBJECT(GROUP)
LEVEL
GROUP x LEVEL
Residual

Total

DF












