ava- NV - . @, 4, 9 3 VR XY R
'Q RN TR U O AR TR e PO RO PO AR IO (K XM ™3 NEWLW VIV Y N ™ S 80" gl A Ay ial ®; IR R "

uitLitoo bl iU ] u]m
¢ ‘, SECURITY CLASSIFICATION OF THIS PAGE (_l;'hen Da‘lnLEn(ared)‘ uLt Wk)l-x
) REPORT DOCUMENTATION PAGE BEF%%’EDC’S,\S“T,EE%&}&N;URM .
- « [T, REPORT NUMBER 2. GOVT ACCESSION NO| * RECIPIENT'S CATALOG NUMBER
. 1 AFIT/CI/NR 88- 3 \
2 . E Subtitle 5. TYPE OF REPORT # PERIOD COVERI 0 q
- b TITLE (nd Subll®) €ERECT OF PHYSICAL FITNESS st or i :
O MESPONSE To onTHO STASIS 1N
R HEALTHY YoUNG womeN 6. PERFORMING 03G. REPORT NUMBER
X .
I: 7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBEF «) :
! CARoOL YN K. GoocH :
t
\ N .
« N PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
[ AREA & WORK UNIT NUMBEPS b
5 (Y3  AFIT STUDENT AT: UNIVVERDITY oF WASHING Ton :
m . CONTROLLING OFFICE NAME AND ADDRESS 12, REPORT DATE ’ |‘
(*}) 1988
€ 3. NUMBER OF PAGES ' ¥,
< h
. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 15. SECURITY CLASS. (of this report)
L AR/ UNCLASSIFIED 3
) wright-Patterson AFB OH 45433-6583
< T8a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE :

. DISTRIBUTION STATEMENT (of this Report)

DISTRIBUTED UNLIMITED: APPROVED FOR PUBLIC RELEASE ' J

DTIC B
ELECTE 3
1Y 17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If different from Repor N 0y
; - AUG 0 31988 |
N SAME AS REPORT - \
: T H :
i
‘ '8: SUPPLEMENTARY NOTES  Approved for Publ Teas IAw AFR 190-l ' ' S
R LYNN E. WOLAVER ;7/ o
,; Dean for Research7and Professwna Deve1 , 4
0 Air Force Institéfe of Technology N
i Wright-Patterson AFB OH 45433-6 83 .
)
19. KEY WORDS (Continue on reverse aide if necessary and ldentify by block number) ’
i ) 3
! g
a' 'S {
) X
. : 8
4 20. ABSTRACT (Continue on reverse side if necessary and identify by block number)
‘ ATTACHED
: ;
i 3
'!. Fad i
\ 8& ‘
L FORM »
N DD | an 73 1473  EDITION OF 1 NOV 65 15 OBSOLETE UNCLASSHEEJ
: SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
‘i :"'.n L}
U - . o W W ’ (U N P AT A \ S
R R R SRR TR ATt A R Ay o St HEALATNAON) "



RIS PEOAIARAR 2 AR, A AN AU AU R VRN RN K Y B PO O K N AR N IV 7. Y Va T AN AL L AR T ~ah, e A% &° b+

)

N §
N THE EFFECT OF PHYSICAL FITNESS ,:
ON RESPONSE ?

TQ ORTHOSTASIS IN HEALTHY YOUNG WOMEN ;Q

by Captian Carolyn K. Gooch ;J

United States Air Force, Nurse Caorps f

; University of Washington i
Master of Nursing, 1988; 75 pages Q

».The purpose of this study was to examine the o
relationship between fitness level and cardiovascular Eﬁ
response to.orthostatic stress in healthy women between the f{

ages of 20 and 35. Subjects were divided into three groups :’

cn Lhe basis oz Vqémax: High-Fit (n = 4; mean ngmax = 57.8
. ' !

e

ml/kg/min); Med-Fit (n =8; mean V02max

and Low~-Fit (n = 4; wean ngmax = 34.7 ml/kg/wmin). Subjects

dﬂ¥

were exposed to three trials of 70¢ hé&ad up tilt each

46.4 ml/kg/min);

followed by a ten minute supine rest period. Heart rate and
blood pressure were recorded at 1, 3 and £ minute intervals
during head up tilt and at S5 and 10 minute intervals during
the supine rest pericd. The mean heart rate and blood
pressure changes from supine to one minute upright were
calculated for each group. The changg in heart rate per
change in systolic blood pressure (gﬁR/ASéPﬂxfrom supine to
70[d&gright vas used as an index of baroreflex
responsiveness. There was a strong inverse correlation
between fitness level and heart rate both resting and at 1
minute upright (r=.83;r=.84 p < .001). An analysis of
barosreflex indicies between groups showed no fitness related
differences in heart rate and blood pressure response to

orthostasis. A
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University of Washington
Abstract
THE EFFECT OF PHYSICAL FITNESS

ON RESPONSE

- e e

TO ORTHOSTASIS IN HEALTHY YOUNG WOMEN
by Carolyn K. Gooch
Chairperson of Supervisory Committee: Marie Cowan, Ph.D.
Department of Nursing
The purpose of this study was to examine the

relationship between fitness level and cardiovascular

o -
-

response to orthostatic s8tress in healthy women between the

-~

ages of 20 and 35. Subjects were divided into three groups

on the basis of V02max: High-Fit (n = 4; wmean VOzmax = 57.8

ml/kg/min); Med-Fit (n =8: mean VOzmax 46.4 ml/kg/min);

and Low-Fit (n = 4; mean VOzmax = 34.7 ml/kg/min). Subjects

vere exposed to three triale of 70° head up tilt each

folloved by a ten minute supine rest period. Heart rate and

blood pressure were recorded at 1, 3 and S minute intervals

-
.

o
- -
-

during head up tilt and at S and 10 minute intervals during

" J'-'

the supine rest period. The mean heart rate and blood
preagsure changes from supine to one minute upright were

calculated for each group. The change in heart rate per

- ‘a.'.......v

change in syatolic blood preassure (AHR/ASBP) from supine to

70" upright was used as an index of baroreflex
regpongiveness. An analysia of baroreflex indicies between
groups shoved no fitness related differences in heart rate

and blood pressure response to orthostasis.
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CHAPTER 1

Problem Statement

% Orthostasis, the act of assuming an upright

$ posture, triggers a complex series of physiological

?‘ mechanisms in the human body. Gravitational forces are
ﬁ responsible for the translocation of 500 to 800ml of

% blood primarily from the intrathoracic compartment to

h the vessels of the lower extremities (Gauer & Thron,

5 1965; Blomgqvist & Stone, 1983). Downward displacement

of blood results in a reduc=2d cardiac fillaing pressure
which is translated via the Starling mechanism 1nto a
diminished cardiac output and narrowed pulse pressure.

Reduced distending pressures in the heart and subsequent

SR L N

narrowing of pulse pressure trigger a compensatory

reflex designed to maintain arterial blood pressure and

protect cerebral perfusion.
Baroreceptors in the heart, aorta, great veirs,

lungs and carotid arteries respond to decreased pressure

Ll b N

’ by sending fewer signals centrally causing a reduction
of parasympathetic inhibition and an augmentation of
) sympathetic input to the cardiovascular system. The
' normal physiological response to orthostasis, mediated
by the autonomic nervous system, is an accelerated heart
” rate, an increase in peripheral vascular resistance, an

elevation of circulating catecholamines and secretion of

Pl

vater retaining hormones (Blomgvist & Stone, 1983).

T - -

- .-
T e
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§ .
Passive standing, tilt-table manipulation, lowver !

body negative pressure (LBNP) and centrifugation are )

: research methods which have been developed to evaluate %
Y cardiovascular adjustment to upright posture. hy
¢ Hemodynamic parameters are measured before and after ;
; imposition of orthostatic stress to determine the E
; .
i r

\ physiological reaction to position change. Orthostatic

measurement of vital signs is also useful clinically as

T
<~

a diagnostic procedure to evaluate certain circulatory *

- "

abnormalities. A variety of factors can impinge on *

reflex compensatory cardiovascular mechanisms and result

: in orthostatic intolerance manifested primarily as ;Z
i postural hypotension. Hemorrhage, varicoeities of the ‘@
! legs, high environmental temperatures, pharmacological ﬂ
: vasodilation, heavy exercise, cardiac abnormalities, 5
; hypoxia, emotional stress, dehydration, and prolonged Q
i bed rest are some of the conditione vhich can predispose ;
Y an individual to orthostatic hypotension by altering Eﬁ
: effective circulating volume (Schatz, 1984; Brevetti, i‘
s Chiarello & Campenella, 1983; Ziegler, 1980). A second a
[}
} general category of orthostatic hypotension is caused by 3
; any interruption of the baroreceptor reflex and may
K include neuropathy, lesions in the neuronal pathvay,

eging, pharmaecological agents that act on the autonomic

2L AL

nervous system, trauma, surgery and in rare cases excess

circulating hormones (Vargas & Lee, 1982; Ibrahim, 1975;

4
\J
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Ibrahim, Tarazi & Dustan, 1975; Donald & Shepard,

X 1979).

-
Y

Several researchers have attempted to determine

e
- -

) constitutional factors responsible for altering the i
4 efficacy of orthostatic response. Orthostatic tolerance X
% has been found to be independent of gender (Shvartz & 1
e

Meyerstein, 1970) and weight (Klein, Bruner, Jovy, Vogt
& Wegmann, 1969). An inverse relationship exists between

orthostasis and age > 60 years (Robbins & Rubenstein, s

T e

P

1984: Smith et al., 1987) as well as height (Howard &

"

Leathart, 1951). The literature is divided with regard

to the relationship between physical fitness, measured

g S g Sy g

AL LX)

by maximal oxygen uptake (VOzmax), and response to

' orthostatic stress. Several researchers have
3 .
; demonstrated what they believe to be a "hypotonia" or an K
) attenuated autonomic reflex in endurance trained
; athletes which is exhibited in a diminished tachycardac !
$' response, an inefficient maintenance of systolic blood ﬂ
u pressure, a smaller elevation of peripheral vascular A
]
A resistance and a tendency to pool greater quantities of A
§ blood in the lower extremities (Stegemann, Busert & ﬁ
g Brock, 1974; Klein, Wegmann & Kuklinski, 1977; Raven, i
!
‘,: Rohm-Young & Blomgvist, 1984; Smith & Raven, 1986). :
] "
y Other comparisons of athletes to non-athletes find N
} g
A no significant difference in orthostatic response
3 (Shvartz & Meyerstein, 1972; Convertino, Sather, . :
. . )
s :
W
K
N
b
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Goldwater & Alford, 1986; Frey, Mathes & Hoffler, 1987;
Kudson, Smith & Raven, 1987). Convertino, Montgomery &
Greenleaf (1984) found no alteration in orthostatic
tolerance in a group of men whose Vozmax had been
significantly incressed after a short period of
endurance training. Furthermore, they suggest that
training actually enhanced the blood pressure response
through a significant exercise induced increase in
plasma volume. Hudson et al., (1987) found no
difference in the overall hemodynamic response to
-50 mmHG LBNP in trained and untrained wvomen.

Nurses managing the care of either acutely or
chronically ill patients need a clear understanding of
the physiology involved in cardiovascular adjustment to
postural changes, along with the ability to assess
patient progress through increasing levels of activity
during hospitalization. An important ancillary goal is

the identification of those patients at high risk for

developing complications as they resume normal activity

after surgery or debilitating illness.

With the current emphasis on physical fitness and
aerobic conditioning programs, the relationship between
fitness level and postural changes gains relevance to
nursing practice. Postural manipulation in-hospital
falls primarily in the nursing domain as an independent

intervention. Experimental evidence clarifying the

I u A W . M o W Ve W o o e e P T T e T v M0 W T AT R AT T N
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relationship between fitness and orthostasis may provide

some basis for understesnding one aspect of positioning
ags it relates to specific segment of the patient
population.
Purpose

The purpose of this study ie to describe and
compare the blood pressure and heart rate response to
orthostatic stress imposed by a 70° head up tilt in
vomen between the ages of 20 and 35 designated as high-

fit, medium-fit and low-fit on the basis of V02max.
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CHAPTER 11
Conceptual Framework
Regulation of esrterisesl blood pressure and volume
redistribution after postural changes is achieved
through the concurrent operation of several mechanisms.

The following is & discussion of blood volume

redistribution following postural changes and principle

hemodynamic regulatory mechaniems including:

a) baroreceptor reflexes, b) humoral responses, and

c) mechanical factors.

Blood Volume Distribution
Blood exists as a continuous column of fluid in a

closed system. Volume is normally distributed with
; approximately 70% in systemic veins, 15% in the heart
and lungs, 10% in the systemic arteries, and 5% in the
capillaries (Rushmer, 1970). In the supine position
blood ias exposed only to static pressure determined by
volume and dynamic pressure generated by the pumping
action of the heart. With a chenge from supine to
upright posture the blood comes under the influence of
gravity and is exposed to hydrostatic pressure expressed
as pgh (where p = fluid density, g = acceleration due to
gravity, and h is the height of the column of fluid)
(Rowvell, 1986). A pressure gradient is established in
the vertical column of blood with arterial pressures

ranging from 60mmHg in the cranium to 200mmHg in the

LI I N R i i LI NS P R S
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feet (Rowvell, 1986). Upon standing, 500 to 600ml of

blood flowe downwvard into the legs while another 200 to
5 300ml is sequestered in the veins of the buttocks and y
pelvis (Rowell, 1986; Blomgviet & Stone, 1983). In an ]

upright position approximately 70% of man’e circulating

o -

blood volume is belov the level of the heart (Rowell,

PO TS X, A

1986). Up to 78% of the blood shifting to dependent

portions of the body is supplied by thoracic vessels

- - -
 AoallX

(Gauer & Thron, 1965; Sjostrand, 1953). The immediate
regult of the downward transglocation of blood is a fall
& in central venous pressure, resulting in a reduction in ;
] ventricular filling pressures, folloved by a fall in

cardiac output, stroke volume and arterial pulse .
3 pressure (Rowvell, 1586). The following is a discussion ?
§ of the neurogenic, hormonal, and mechanical adjustments >
vhich function to restore cardiac filling pressures and

support cerdiac output in the upright position. "

s Hemodynamic Requlatory Mechaniegms

The downward relocation of blood upon standing
constitutes a loss to the central system analogous to a

f mild hemorrhage and triggers a sequence of compensatory

i
v

3 adjustments aimed at preserving arterial blood pressure

and tissue perfuesion. Principle mechanisms which

o el ol g o

function to maintain blood pressure and volume

-
L. - -
. -

distribution following postural changes include:

a) autonomic reflexes mediated by arterial and ':

J
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cardiopulmonary baroreceptore; b) humoral responses
mediated by circuleting hormones; and c) mechanical
factoreg, primarily through muscular contraction and
abdominothoracic pressure (Blomgviet & Stone, 1983).
Arterial Basroreceptors

Free nerve endings in the carotid sinus and the
arch of the aorta respond to mechanical deformation
(stretch or reduction of stretch) by increasing or
decreasing the frequency of impulses sent to the
cardiopulmonary center in the medulla (Blomgvist &
Stone, 1983; Vander, Sherman & Luciano, 1985; Berne &
Levy, 1986). Afferent impulses from the carotid
baroreceptors ascend through the sinus and
glossopharyngeal nerves to synapse in the nucleus
tractus solitarius (NTS) of the medulla. Impulses from
the aortic arch ascend via the vagal nerves. An
increase in baroreceptor stretch caused by added
pressure stimulates the firing frequency of afferent
nerve fibers causing inhibition of sympathetic outflow
to the cardiovascular gystem via efferent fibers to the
sincatrial node, ventricles, veins, and arterioles;
parasympathetic outflovw to the heart is augmented
(Blomqvist & Stone, 1983; Berne & Levy, 1986; Rovell,
1986). Conversely, a decrease in pressure at the

baroreceptors stimulates a pressor response.

L M

[ T2 ‘ LY LSS AR R™ A A
R T T T e R e P B R Y T NG

e X W

B S N e AL



; ErYSTPTYG n X . TR Oy : T
T T R T O T T R T R T T R U AR U AR U AR W 00 gt faAta AL RE Al el va0 Vot 08 2 o3 00" h 8 40"t St Y, FEAVAL AR AN, 4% iR vy B2 b g 978

"o

P v
.-
.‘-

9

.Y

-
-

. Stroke volume is redv—-ed by as much as 40% on

J
-

4 standing (Marshall & Shepard, 1968). The resulting t
narroved pulse pressure causes a decreased impulse 3
N frequency to the medulla resulting in increased s
! sympathetic outflov to the heart and peripheral

& vasculature. Parasympathetic inhibition of the heart is
¢ diminiahed. The immediate result ie increase in cardiac
contractility and rate alﬁng with peripheral

vasocongtriction.

g AW A W
e - o

Cardiopulmonary Baroreceptors

Low pressure receptors located in the atria,

2o as > Yy Fo

-

ventricles and pulmonary veins respond to changes in

)
LT o S

intracardiac, central venous or pulmonary vascular
pressure. Impulses ascend to the medullary control

center via the vagus, reflexively increasing or

-, s o e,

decreasging peripheral vascular tone (Blomgvist & Stone,

! 1983). The heart rate response is negligible. 1In

o
) 0P_p_a &

addition to causing peripheral vasoconstriction, a drop

in pressure at the cardiopulmonary receptors initiates

=2

important humoral responses in defense of plasma volume.

IR Nl

These are discussed in the folloving section. \

-

Humoral response.

-

Certain hormones are released or inhibited

systemically as part of the baroreceptor reflex. The J

most important of these in the context of postural

- e

hemodynamics aré vasopressin (ADH), renin, and "

-

!‘ t
iy

-
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BN AN SN A Y N e o T A L e R e e R e AL R



[ T TR K LRI IO N AN A IR N ¥

10

aldosterone. ADH i8 released from the posterior lobe of
the pituitary in response to a reduction in pressure at
atrial baroreceptors (Rowell, 1986). Although it has
potent vasoconstrictor capabilities in large
concentrations, the most important function of ADH in
humane is the effect it has on vater absorption in the
distal tubules of the kidney. A reduction in
cardiopulmonary baroreceptor output following dowvnwvard
redistribution of circulating volume is associated with
an increase in renal gympathetic drive which triggers
the release of renin.

Renin facilitates the conversion of angiotenegion I
to the vascactive hormone angiotensin II which plays a
dual role in defense of pressure through direct
vasoconstriction and stimulation of aldosterone release
from the adrenal medulla. Aldosterone in turn
facilitates the absorption of sodium and water from the
distal tubules of the kidney in defense of plasma
volume. Increased distention of the cardiopulmonary and
arterial baroreceptors associated with a rise in
pressure suppresses the release of both renin and ADH
(Epstein, 1978).
Mechanical Factors

In addition to baroreceptor and humoral responses,
certain mechanical factors operate to maintain blood

pressure during postural changes. YVenous anatomy,

o DA ) AN ; LN
l‘“]‘o I';‘l'. Wt I&J’..O.‘.l‘.. ¢ ". '.'.l.. Q."., o,l'l W

A \ . / -« vy, YW T AR R T
l« *" “ " i ’ "5‘."~{ \.\-‘. ‘\1’ S " .u A,t Yl .l

1.-\



s oy v o e

-

11

muscular contraction and respiratory mechanics all
contribute to the regulation of arterial blood pressure
(Rushmer, 1970). The following is a discussion of the
contribution of tissue pressure and abdominothoracic
preassure to the maintenance of arterial blood pressure
and volume distribution.

Tissue pressure; the "muscular pump". Muscular

contraction during upright posture plays a large part in
maintaining central venous filling pressures and
congequently systemic arterial pressure. Contraction of
the leg muscles compresses the deep veins resulting in
an expulsion of blood headward and a reduction of
peripheral venous pressure. With the relaxation of the
muscle, venous valves help to retard the return of the
blood to dependent extremities although with prolonged
standing these valves will open and blood will once
again form a continuous column (Rowell, 1986). Simple
contraction and relaxation of the calf muscles while
Btanding can return stroke volume to nearly supine
levels (Wang, Marshall & Shepard, 1960).

Abdominothoracic pressure; the "respiratory pump".

Intrathoracic pressure becomes increasingly
negative wvith inspiration while intra-abdominal pressure
rises as the diaphragm descends. The combined pressures
enhance the filling of intrathoracic vessels and the

emptying of abdominal veesels during inspiration

N Ay S e Ty e e s e e e
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: (Rushmer, 1970; Rowvell, 1986). During expiration the 4
b
process 1is reversed and repetition of the process 4
) ‘)
results in a "pumping" action.
Normal Cardiovascular Response to Orthostasis a
The immediate physiological response to acute :
i ~
: posture change ie a fall in central venous pressure and T;
i )
¢ *
¢ activation of the sympathetic nervous system mediated by )
baroreceptors. The resulting accelerated heart rate and
L
B increased peripheral vascular resistance maintain mean
i v
. arterial pressure at close to supine levels. A
'
; Passive head up tilt and active standing from the
v .
K supine position result in similar hemodynamic ot
0
i\ f:
¢ adjustments (Wolthuis, Bergman & Nicogossian, 1974).
L) 1A
} Wang et al. (1960) measured cardiac output, heart rate 5
3| i
b and stroke volume in seven healthy young men and found a z
417 fall in stroke index with standing. Light exercise ﬁ
consisting of contraction of the calf muscles was
Y '
X sufficient to raise the stroke index to near supine Q
4
: levels. Ward, Danziger, Bonica, Allen, and Tolas (196¢)
; studied 20 healthy adults while supine, standing and ;
) 1y
: sitting and found that standing caused a 45% decrease in ﬂ
L)
i stroke volume, a 27% decrease in cardiac output, along -
K wvith increased heart rate, mean arterial pressure and ‘o]
¥ .
: total peripheral resistance. Glezer and Moskalenko h
¥
\. :
\ (1972) measured cardiovascular hemodynamics in recumbent b
X and upright positione and found s moderate decrease in A
¢ L]
' e
’ i,
’ A
N .
L} '-
b -]
) o,
K -

x
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systolic pressure, an increase in diastolic pressure,

vith no change in mean arterial pressure. In addition

to pressure changes, they recordea an increase in stroke

index and heart rate and total peripheral vascular
resistance increased. Circulating blood volume
decreased and hematocrit increased. Lance and Spodick
(1977) made non-invasive measurements of postural
changes in cardiovascular volumes and dynamics.
Comparing supine to standing, they found upright posture
increased heart rate, isovolumic contraction time, pre-
ejection period and pre-ejection period/left-ventricular
ejection time along with decreasgses in ejection time and
ejection time index.

Head Up Tilt

Active standing, passive tilt, lower body negative
pressure (LBNP) and centrifugation have been used to
impose orthostatic stress for purposes of research.
These methods have also been employed clinically to
diagnogse autonomic dysfunction and volume deficiencies.
Measurement of the circulatory adjustment to gravity is
influenced by the method used to place the subject in an
upright position because even s8light movement of leg
muscles increases venous return to the heart
(Wang et al., 1960).

Qualitatively gimilar results to standing and

passive head up tilt are well documented in the
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literature. Schvartz and Meyerstein (1970) tilted 3€
healthy young men and women to an angle of 70¢ on a
table with a padded motorcycle seat for crotch support
for a total of 20 minutes or until syncope and noted
elevations in heart rate and diasstolic blood pressure, a
slight lowvering of systolic blood pressure and s
narrowving of pulse pressure. Matalon and Farhi (1979)
utilized a tilt table with a foot rest to tilt subjectcs
from O to S0° noting a 40% decrease in cardiac output, a
27% increase in heart rate, and a 50% reduction in
stroke volume. Using non-invasive measurement
techniques, Spodik, Meyer, and Pierre (1971)
demonstrated a 19% increaese in heart rate and
gignificant reduction in cardiac volumes occurring in
the first minute of tilt.
Orthostatic Tolerance

Regearchers have determined orthostatic tolerance
to be independent of gender (Shvartz & Meyerstein,
1970); and weight (Klein, Bruner, Vogt & Wegmann, 1969);
inversely related to height (Shvartz, 1968); and
differentially related to the time of day (Harma &
Lansimies, 1985),. The concept of orthostatic intolerance
i8 generally understood in terms of an inadequate
autonomic response to upright posture clinically
manifested as orthostatic hypotension (Schatz, 1984).

Since crew members on Skylab 4 wvith different levels of

¢
h¢
i
3
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aerobic fitness exhibited varying responses to
orthostatic stress, there has been a suggestion that
high fitness levels may predispose to orthostatic
intolerance (Frey, 1987). The following section is a
discussion of conflicting evidence concerning the
relation of physical fitness to orthostatic tolerance.

Physical Fitness and Orthostatic Tolerance

In the current litersture physical fitness is most
often defined as aerobic power and described in terms
maximal oxygen uptake (VO2max) during exercise. Maximal
aerobic powver is defined as "the highest oxygen uptake
the individual can attain during physical work while
breathing air at sea level" (aistrand & Rodahl, 1977).
Recent research has suggested that endurance training
resulting in high aerobic fitness (VOzmax) may be
detrimental to the maintenance of blood pressure with
postural changes. Stegmann, Bursert and Brock (1974)
compared the blood pressure control system of 25
endurance trained athletes to that of 25 non-athletes by
changing transmural pressure in the carotid artery using

a sealed pressure chamber (modified "iron lung"”

originally used to artificially ventilate polio

patients). The pressure in the chamber wvas altered from
~60 to +60 mmHg while heart rate and blood pressure vere g
recorded. Athletes were found to have significantly

smaller heart rate and blood pressure changes in §
3
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B

response to externally applied changes in carotid artery

transmural pressure. The authors concluded that thies

attenuated circulatory response would be disadvantageous

for blood pressure regulation during orthostasis

B =

especially after any additional stressor such as

bedrest, blood loss or weightlessness. Raven, Rohm- A

Young and Blomgvist (1984) suggest that the diminished
A

Ryty®y 'y

) cardiovascular response during orthostasis seen in

2

endurance athletes is a reflection of "blunted”

-
-~

autonomic control mechanisms. After exposing 8 fit
(V02max=70.2 t 2.6 ml/kg/min) and 6 average fit

X (V02m3x=41.3 t 2.9 ml/kg/min) to -50 Torr of lowver body

T L

negative pressure, fit subjects showed a significantly

: lover tachycardic response; 7% compared to 11% for :
b average fit. Fit subjects also exhibited a lower 3
' peripheral vascular resistance along with a greater d: _p

N in systolic blood pressure and a significantly smaller ﬁ
; increase in HR for a given fall in systolic BP ?
? (AHR/ LSBP). Raven et al. (1984) concluded that 2

F endurance training altered the physiological reflex ﬁ
y response to the downward shift of fluid following .
; orthostasis. L
' A gimilar effect was demonstrated by Smith and ﬁ
) Raven (1986) in the comparison of cardiovascular i

-
o«

reapongses of 8 sedentary, 8 endurance trained and 8

veight tresined subjects to -50 Torr of lower body
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negative pressure. Endurance trained subjects were the
least effective in maintaining blood pressure during the
hypotensive challenge. The calculated index of
barorecptor sensitivity (AHR/ASBP) was significantly
lower for endurance trained subjects. In a study
relating bed rest deconditioning effecte to aerobic
fitness, Goldvater et al. (1980) measured plasma renain
activity in 12 healthy men after 10 days of bed rest.
High athletic conditioning (on a continuum of V02max
from 43.4 to 23.9 ml/kg/min.) was associated with lower
plasma renin activity and hypotension after bed rest.

Results documented by other researchers contradict
the theory that physical fitness has a negative effect
on orthostatic tolerance. Klein et al. (1969) compared
responges of 12 untrained (VO_max= 43.9 ml/kg/min) to 12

2
highly trained (V02m3x= 64.9 ml/kg/min) to a 90° head up
tilt of 20 minutes and found no difference in
orthostatic intolerance measured by the number of
fainting episodes. More recently Convertino,

Montgomery, and Greenleaf (1984) compared orthostatic

response to head-up tilt in the same individuals before

A

and after 8 days of endurance training. Following

training VO_max increased by 8.3%, reesting heart rate

2
decreased by 8.1% and plasma volume increased by 12.2%.
In response to tilting, systolic blood pressure,

diastolic blood pressure and mean arterial pressure wvere

' M y : ; e N e e e T R W v « SRy o W I A A R TY
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sustained even though heart rate response was lower than
pre-training levels. In addition to maintenance of
blood pressure, six of eight subjects were able to
withstand an increased tilt duration after training. On
the basis of these findings Convertino et al. (1984)
suggest that orthostatic tolerance is actually augmented
by endurance training and that reflex response may be
more accurately related to the rate of plasma volume
loss and pooling of blood in the extremities. In a
subsequent study, Convertino, Sather, Goldwater & Alford
(1986) noted the point at which syncope occurred during
exposure to LBNP. They could establ;sh no correlation
between syncope and physical fitness.
Summary

Cardiovascular adjustment to gravitational stress
depends on rapid activation of complex homeostatic
mechanisms. Compensation for downward fluid shift is
accomplished through increases in heart rate and
vascular tone mediated by the autonomic nervous system.
A variety of pathological conditions can interfere waith
compensatory mechaniems resulting in orthostatic
ingstability. Inefficient adjustment to orthostatic
stress is seen primarily as a failure to maintain
adequate blood pressure in the upright poasitian.
Postural hypotension is usually indicative of gome

functional or neurogenic problem. In addition to
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pathology, some constitutional characteristice seem to

R be related to differential orthostatic tolerance. Some

v
-~

regearchers have documented a diminished orthostatic

- -

I responge with aging, while no negative relationship has
been determined with gender or weight. Evaluation of !

the relationship between physical fitness, defined by X

T

maximal oxygen uptake, and orthostatic tolerance hac ]
yielded conflicting results. The purpose of this study y
is to examine and compare the heart rate and blood

pressure responses of highly fit, medium fit and low fit

} S

vomen when exposed to orthostatic stress.
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CHAPTER 1I1II
Methods
Degign
This etudy used a pretest-pcstest design to compare

the effects of physical fitness level on physiological
responsgse to orthostasis in three groups of women. After
determination of individual aerobic fitness level
utilizing indirect calorimetry during a treadmill test
(see Appendix A for test protocol), subjects were divided
into three groups according to maximal oxygen consumption

(Vozmax). Orthostatic challenge was simulated with a 70°

head up tilt. Depen~“ant variables measured were heart
rate and blood pressure recorded at five and ten minutes

prior to head up tilt and at one, three and five minutes

during upright position.

Sample
The sample consisted of 16 healthy women between the
ages of 20 and 35 gelected from a convenient sample of
students at the Univereity of Washington and the general

public from the surrounding metropolitan area of

Seattle.

A notice soliciting participants was posted on
central bulletin boards throughout the University of
Washington campus. Respondents were interviewed over the
phone using a short questionnaire to determine

eligibility for the study. Items on the questionnaire

covered age, gender, weight, height, current and past

8
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health status including any use of medications, smoker or

-

non-amoker status, and subject’s evaluation of her

fitness level (see Appendix B). Specific entrance

[ TR R K

criteria were formulated to minimize the influence of ¢

i - extraneous variables on study results and to safeguard

¥

M the health of the subjects. '
'.' {
) d
t. Inclusion Criteria

1) Healthy: Defined as a negative history

for physical or psychiatric illness and no

!' &
o current evidence of disease or functional
M disability.
g )
: 2) Female. ’
2 4
h 3) Between the ages of 20 and 3S. )

Exclusion Criteria E
#

\

f 1) Smoker: Smoking is known to alter oxygenation ¢
. ’
W and blood pressure (Colby, 1977). ;
a 2) Currently taking medications or drugs of any .
b ]
2 kind (with the exception of birth control :
A .
i pills). Pharmacolgic agents can alter the o

autonomic response to postural changes (Schatz,

=5

) 1984).

3) Pregnant: Exercise testing to maximum capacity
during pregnancy is not recommended (American A

§ College of Sports Medicine, 1987).

4) Greater than 20% asbove recommended weight

" for height as defined by the Metropolitan Life

g
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Insurance Table of Weighte for women (see
Appendix C). Obesity is often associated with
elevated blood pressure (Colby. 1977) and
could interfer with accurate measurement if the
epygmomanometer cuff fits improperly
(Frank et al., 1973).

S) Taller than 5" 10" without shoes: Increased
height has been associated with orthostatic

intolerance (Klein et al., 1968).

Determination of Aerobic Fitness Level

Screening to determine V02max wvas conducted in the
pulmonary function lab at University Hospital in Seattle,
Washington with the primary researcher and an expert
nurge advisor present. Current guidelines of the
American College of Sports Medicine do not require the
presence of a physician during maximal exercise testing
in healthy adults (35 years old (see Appendix D).

Subjects were tested using a standard Bruce
treadmill protocol (Bruce, Kusumi & Hosmer, 1973).

VOzmax vas measured by analysis of expired air with a f

Sensormedics Model 4400 computerized metabolic

measurement cart previously calibrated with reference

during the exercise test included the following:
a) Plateau of VO2 values at the end of test.

]
gases. Criteria for determination of maximal effort i

1
b) Attainment of >85% of age predicted maximal g

<
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h
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heart rate computed as 220 minue age as estimate

(American College of Sports Medicine Guidelines,

1987).
c) Subjective rating of perceived maximal effort.

On the basis of VOzmax scores, subjects were divided

into three groups: High-fit (n=4; VOzmax=57.Bml/kg/m1n);

Med-fit (n=8; Avg.VOzmax=46.4ml/kg/min); and Lo-fit

(n=4; Avg/VO_max=34.7ml/kg/min).

2

Protection of Human Subijects

Volunteers for this study were thoroughly briefed
concerning possible risks involved in the experimental
protocol. Each subject was screened as to health status
to eliminate any individual with a history of health
problems or currently undergoing medical treatment.

Since the subjects were young healthy women the risks
vere minimal but included the possibility of hypotension
during implementation of the head up tilt and fatigue and
muscle soreness following exercise testing. At the onset
of any signs that suggested impending syncope and/or
significant hypotension during the tilt procedure the
experiment would have been terminated and the subject
returned to a supine position. No significant hypotensive
episodes occured. Data gathered were designated by code

number only and kept under lock and key by the primary

regearcher.
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. Measurements d
Head Up Tilt

’ Tilt table manipulation to elicit orthostatic

- A -

response was conducted at the physioclogical laboratory of
Y, . the University of Washington School of Nursing within 14

Y days of the V02max determination. Head up tilting was

e
o/
W e e e -

accomplished using a manually operated tilt table
consisting of a padded platform with a foot support.
Loose restraining straps across the abdomen, chest and
thighs provided safety for the subject and gerved to
minimize the use of postural muscles during upright

I posture (Smith, Hudson & Raven, 1987). The table was
tilted to a 70° upright angle within two secondé to
stimulate a strong autonomic response to poegition change
(Sundkvist & Lilja, 1983). Each subject underwent three ]
same day tilt trials, separated by ten minute rest
X periods to allow for return to baseline hemodynamic
equilibration (Lance & Spodick, 1977).

Heart Rate Analysis

Heart rate was measured elecrocardiographically with
a Hewlett Packard single lead monitor, model #1500 B, <
using a Lead II electrode placement. Recordings were
" taken during the last 12 seconds of minutes S5 and 10
\ during the supine rest period prior to each tilt and
| continously during each five minute tilt. Heart rate was

calculated from the ECG strip using the R-R interval and
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recorded at 30 sgsecond, 1, 3 and 5 minute pointe.

Blood Pressure Measurement

Blood pressure was measured indirectly at 5 and 10
minutes supine and 1, 3 and 5 minutes upright using the
Critakon, Dynamap ™ Vital Signs Monitor Model # 1846.
The right arm was used for blood pressure determination
on every subject and the phlebostatic axis was marked
prior to tilting to ensure the arm was supported at heart
level for accurate blood pressure measurement (Frank et
al., 1973).

Reproducibility

Because physiological response to orthostatic is a
dynamic phenomenon subjects were tilted for a total of
three trials to enhance reliability of measurements
(Woods & Cantanzaro, 1988, p. 264). Heart rate and blood
pressure scores all three tilts were averaged for each
subject.

The difference between supine heart rate (HR) and HR
at 1 minute upright divided by the difference between
supine systolic blood pressure (SBP) and SBP at 1 minute
upright (tHR/L.SBP) was used as an index of barorecptor
respongse (BR) (Smith & Raven, 1986). The BR index was
computed for each tilt. The median BR index for three
triale was selected as the strongest measure of
centrality for each individual (Woods & Cantanzaro, 1988,

p. 389).

W W

-
o

Porur

-y — =3
. P, L R L

- - - TR M SRt A Fm YR TR et e T ot P R N
o N N R O R



‘»‘_.."u"":.‘..' R A RN X RO OO oG 879 ATg 0ty Aty 0701400 0% $ia" flanatanaty MUY LN DWW LS U LY LWL

r whb Wip b e

[~

-

o
R
v

L M N P v

26
Protocol

After determination of eligibility each subject
received a thorough description of the experimental
protocol including the nature of possible risks
involved. Written consent was obtained prior to
implementation of the study (see Appendix E). The
congent form was endorsed Ly the University of Washington
Human Subjects Committee.

On the day selected for determination of aerobic
fitness level, subjects vere instructed to report to the
pulmonary functions lab at the Univerasity Hospital in a
twvo to three hour post-absorptive state having abstained
from the use of alcohol or any other drug (with the
exception of birth control pills) for at least 72 hours
prior to testing. Subjects vwere further instructed not
to exercise vigorously for at least 24 hours prior to
aerobic fitness determination (see Appendix F).

On a day not more than 14 days following
determination of aerobic fitness level, subjects were
instructed to report to the physiclogy laborastory at the
University of Washington School of Nursing in comfortable
loose clothing, once again in a post-absorptive state,
having abstained from drugs of any kind for at least 72
hours and exercise for at least 24 hours. The subject
vas asked to assume a supine posgition on the tilt table

vhile instrumentation was completed and phlebostatic axis
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' was marked. After placement of the ECG leads and
? attachment of the automated spygmomanometer, a ten minute X
rest period was provided to allow for a return to normal !
¥ resting heart rate and blood pressure levels. Blood
' pressure and heart rate vere recorded twice during the

rest interval to establish supine baseline levels.

ey
-

After the ten minute supine rest period, the subject 3

wvas tilted to a 70" head up position. Tilting was

P

accomplished in no more than two seconds (Sundkvist & ]

-
-

Lilja, 1983). Head up tilt was maintained for five .

f minutes. Heart rate was measured electrocardiographically }
f throughout the tilt and blood pressure measurements were e
! recorded at 1, 3 and 5 minutes (see Appendix G for data ﬁ
g gathering tool). After five minutes in the 70‘ head up ﬁ
§ tilt position, the subject was returned to a supine )

¥ position and allowed to rest for ten minutes to provide

N for equilibration of heart rate and blood pressure. ;
:1 Heart rate and blood pressure were recorded twice during %
h the second supine rest period at S and 10 minutes. The

F five minute head up tilt followed by a ten minute rest )
& A

period was repeated two more times for a total of three

A head up tilt trials and four ten minute rest periods.

ﬁ Following the final ten minute rest period, recording iy
¥ \
’ .
: instruments were removed and the subject was allowed to )

asgsume an upright posture progressing slowly through

sitting, dengling and standing phases.

- -
-—-
-
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On standing, the subject was observed closely for
any signs of hypotension or inability to sdjust to the
upright position. All data were collected by the primaery
regearcher to eliminate interrater inconsistencies.

Data Analysis

The study utilized 8 pretest-postest design and
yielded descriptive data at the interval level after
manipulation of the independent variable. A t-test for
independent groups and a oneway ANOVA was used to compare
differences in BR indicies between groups. Differences
between HR and BP changes (measured in beats/minute and
mmHg respectively) at 10 minute supine and one, three and
five minutes tilt were examined using a non-parametric
Kruskal-Wallis test. A Pearson correlation coefficient

was used to test the relationship between VO_max, HR and

2

BP recorded at specified time intervals during supine and

upright positions.
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CHAPTER 1V
' Results

Average Individual BP and HR Response Changes

wWhen heart rate and blood pressure response to tilt
vas averaged across three tilt trials for each subject
the HR change from baseline to upright was +13.8% at 30
seconds, +16.9% at one minute, +21.5% at three minutes
and +25.6% at five minutes. Mean SBP decreased by -6.5%
at one minute, -4.9% at three minutesg and -6.1% at five

minutes. Mean DBP decreased slightly by -1.4% at one

minute, -1.1% at three minutes and -1.4% at five
minutes. Mean change in MAP was a decrease of -3.8% at
{ one minute, -3.2% at three minutes and -3.8% at five
% minutes (see Table 1 page 30). Mean BP and HR response

for the total sample is shown in figure 1.

; 120 —120
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20 T - T T T T
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r v
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Figure 1. Total sample blood pressure and heart rate

response to 70° head up tilt at 1, 3, and S5 minutes.
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HR and BP Change by Group

Average age for the sample was 30.9 yearas. Mean
veight and height were 59.7kg and 64.5cm respectively.
Vozmax ranged from 31.6 ml/min/kg to 63.1ml/min/kg.
Subjects were divided into three groups on the basis of
Vozmax: High-Fit (n=4 mean=57.8 ml/kg/min);

Med-Fit (n=8 mean=46. 4 ml/kg/min); and Low-Fit

(n=4 mean=34.7 ml/kg/min). Table 2 covers descriptive

data for the sample.

Table 2
Subject Descriptive Data

Subj. Age wWgt Hgt VO_max
1D yr kg cm ml/min/kqg

High-Fit
1 32 56.2 64.0 63.1
2 28 55.8 66.0 58.7
3 29 50.8 64.0 57.1
4 29 62.1 68.0 S52.1

Med-Fit
S 35 51.8 63.5 S0.3
6 32 64.0 65.2 48.7
7 28 76.9 70.0 47,2
8 35 59.0 67.0 46.3
9 35 51.7 61.2 46.2
10 25 67.6 67.7 44.9
11 27 59.2 64.0 44. 4
12 32 59.4 62.0 43.4

Lovw-Fit
13 34 58.1 62.0 39.0
14 32 51.3 61.5 35.9
15 32 67.7 €5.0 32.3
16 29 63.5 63.0 31.€
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Mean changes in heart rate and blood pressure for &

! High-Fit, Med-Fit and Low-Fit groups compared to the

o) means for the total sample are summarized in Table 3 on

- A a

page 33. In this study hemodynamic changes at one
' minute are considered to be the most reflective of

reflex autonomic adjustment to postural change (Guyton, !

an e A W L

1987). Although there is a trend toward somewhat )
greater BP and HR changes in Lov-Fit compared to High- \J

Fit those differences are not significant. Figures 2 and

IR T - IR
~

3 on page 34 and 35 provide a graphic illustration of HR .

? and BP response to tilt for each group. :

W by

‘ There was an inverse correlation between VO_max and -

A

. HR level at both baseline and one minute tilt (r=-.84%; 4

K r=-.85 p>.001) (see figures 4 and S an page 36). No !

) .

% \

! such correlation was evident between V02max and SBP or 5

" ¢
DBP. Fitness level was not significantly related to the

. .

{ magnitude of HR or BP change at any time interval \

¥,

o

) (p<0.0S). ]

v

Baroreceptor response index

: The baroreceptor response (BR) index was computed s
to facilitate comparison between groups using the 2

‘

equation: HR2 - HR1

D -

“ SBP1 SBP2

;' The BR index was computed for all three tilt trials

. for each sgubject. The median BR index was gselected as

L)

% the prefered index of central tendency in this study
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because the distribution for several individuals was
skeved (Polit & Hungler, 1983, pg. 477). Resulting
values were: High-Fit=1.05 (¢,22); Med-Fit=1.40 ($:.97);
and Low-Fit=1.25 (:,632). An analysis or variance
between groups failed to reveal gignificant differences
(Bee Appendix H).

BR indices of HighFit and Lov-Fit subjects were
compared in an effort to look more closely at
differences beteen the two groups most divergent in
fitness levels. Statistical comparison failed to
demonstrate a significant difference between these two
group indices (Appendix I).

Since the sample was small and therefore might not
have been characterized by normality (Woods &
Cantanzaro, 1988) a non-parametric Kruskal-Wallis
statistical test was used to examine the difference in
BR scores of all three groups. No significant
difference between groups was demonstrated
(Appendixse J and K).

General Hemodynamic Response to Tilt

The following i8 a description of the general
dynamic response to tilt for all subjects. Each subject
undervent three five minute 70° head up tilt trials. At
one minute, out of a total of 48 tilt trials for 16

subjects, HR increased from supine to 70°¢ upright by 0.9

to 27.4 beats per minute in 43 (86%) triales and
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%
decreased from 0.1 to 11.5 beats per minute in five ﬂ

(10.4%) trials. The trials in which HR decelerated L
\;
represented three subjects or 18.8% of the total sample z
(n=16). In tvo of these three cases deceleration was E
transient with HR rising to above resting levels by the W
{4
fifth minute of tilt. In 44 (96.7%) trials SBP dropped :':
from 1 to 24 mmHg below resting levels. In two (4.2%) &

)
A trials SBP was greater than resting lewvels by 2 and %
, € mmHg. DBP at one minute fell in 26 (54.2%) trisls by :
1 to 16 mmHg, was elevated in 17 (35.4%) trials from 1 ;ﬁ
: to 10 mmHg and remained the game in five (10.4%) triale. ;i
E Greatest HR and SBP changes were exhibited in two ?
; (12.5%) subjects on the first tilt trial, six (37.5%) on '.
: the second tilt and eight (50%) in the third and final 3
E tilt. Six out of 16 subjects reported transient #
: dizziness lasting approximately 10 to 20 seconds during ®
: the onget of the tilt prodecure. Four out of the six ;
;i reported dizziness at the onset of the first tilt trisal ,g
:A but did not experience dizziness in subsequent trials. 1
X Two subjects reported dizziness lasting from 10 to 20 %
5 geconds in all three tilts. These transient presyncopal ;E

7 episodes were not congistently associated with a :
y particular pattern of blood pressure or heart rate ]
: response. Dizziness accompanied HR changes ranging from ;5
[ ]

40.1 to ¢27.4 beats per minute and SBP ranging from ¢1

to +24 mmHg.
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CHAPTER V
Discussion

Assumption of upright posture and exposure of body

fluid to gravitational forces is known to cause a

pooling of blood in the lowver extremities and a -
A
subsequent reduction in venous return to the heart o~
£
: '
! (Gauer & Thron, 1965; Rushmer, 1970; Blomgvist & Stone, !
) ey
1983). Diminished cardiac filling pressures and a fall ~
&
: in cardiac output initiate a complex set of homeostatic é
)
: mechanisms mediated by arterial and cardiopulmonary f
| b
baroreceptors (Ward et al., 1966; Gauer, Henry & )
"l
] s
Behn, 1970, ). The net result is an increase in cardiac ﬂ
B} '.{
rate and contractility along with a rise in systemic ?
f
.I'
vascular resistance (Shvartz, et al., 1982; Rowell,
1386). ;f
i
Recent studies have suggested a connection between :
&
endurance training and a diminished autonomic response }
w3
. \
to orthostasis. Mechanisms variously cited as causing Ny
[Vl
3
¢ orthostatic intolerance in athletes are: excess fluid i
N A
! W
accumulation in the lower extremities (Klein et al., }
) 1969); attenuated baroreflex sensgitivity (Stegemann et :
' %
al., 1974); a decreased ability to vasoconstrict (Raven \\
et al., 1984); an alteration in the balance of the )
L]
'
autonomis nervous system toward parasympathetic 0y
J
dominance (Smith & Raven, 1986); and lower plasma renin v
a
)
activity (Goldwater et al., 1980). ,
.
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This study failed to demonstrate a significant ;
fitness related difference in cardiovagcular response to
orthostasis in females. These findings agree with those

of Frey, Mathes & Hoffler (1987) who found no difference

i in aerobic capacity between female subjects who fainted (]

% wvith exposure to -50 mmHg LBNP and those who did not.

% Hudson, Smith & Raven (1987) in a similar experiment

W evaluated 16 women during progressive LBNP found no \

E difference in the baroreflex regponse (. HR/LSBP) betweer ;
]

g trained (V02max 56.8 ml/min/kg) and untrained (V02max :

a 39.4 ml/min/kg) women. ;

} Aerobic fitness in the current study was not :

& correlated with any resting or upright parameter except (

:. baseline HR both supine and at one minute upright tilt.

G

5, This finding coincides with previoue research ;

a documenting significantly lower resting and tilt HR ]

$ levels in athletes (Klein et al., 1969; Convertino et 5

:,E al., 1984; Hirma & Lansimies, 1985) E

? It has been suggested that the cardiovascular y

a response occurring in the first minute of tilt reflects f
: the most significant autonomic adjustment to postural E
\ \

% changes (Guyton, 1981). Heart rate and blood pressure

Tt vere selected in this study as ghe most representative i

of these changes and the most readily measured. Although .

: no significant differences were noted in HR and BP A

b changes at one minute between High-Fit, Med-Fit and )

-
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Low-Fit groups, some intereeting trende emerged. If
an accelerated HR is necessary to compensate for a
reduction in cardiac output with standing then the
slover initisl acceleration seen in the High-Fit group
might be explained by the relative hypervolemia and
greater stroke volume known to be associated with high
levels of aerobic fitness (Hill, Hill, Grisham & Zauner,
1987). Another interesting trend was the sustained rise
in HR noted in the High-Fit compared to Low-Fit group
(see Figure 4). A similar tendency was noted by Borst
et al., (1982) who documented a continuing HR rise in
trained compared to no such sustained rise in untrained
subjects. The mechanism underlyiné this difference is
not yet understood.

The slightly higher DBP in Low-Fit subjects may
reflect greater resting sympathetic tone than High-Fit
subjects in whom greater parasympathetic tone is
characteristic (Winder, Hagberg & Hickson, 1978). Calf
circumference was not measured in the current study.
Therefore no statement can be made with regard to
possible venous pooling effects.

Over-all cardiovascular regponse of women to
upright posture in this study vas qualitatively similar
to that reported elsewvhere in literature. The average
maximum HR increase of +25.1%, and decreases of 6.1% in

SBP and -0.53% in DBP seen in this study fell within
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reported parameters which document HR increases from +13
to +37% (Ward et al., 1966; Chobanian et al., 1974); SBF
changes from -1.5 to -11.6% (Shvartz, 1970; Moore,
1986); and DBP changes of from -8.5 to +18.6% (Ward et
al, 1966; Moore, 1986).

Although the qualitative physiological response
coincided with expected outcomes, quantitatively very
little reproducibility of heart rate and blood pressure
responses was seen either between subjects or in

repeated tests of the same individual. Large variations

in HR and BP values vere seen in this sample of healthy

young women. Other researchers have reported a similar
variability in BP and HR results during application of
orthostatic stress (Hyatt, Jacobscn & Schneider, 1975;
Moore & Newton, 1986). This disparity in results can be
partially explained by differences in methodology. The
experimental method used to induce orthostatic stress
can alter the degree of hemodynamic response (Hyatt et
al., 1975) but produce qualitatively similar changes in
heart rate and blood pressure (Wolthuis et al., 1974).
This s8tudy utilized & tilt table with foot support which
circumvents the exercise reflex involved in active
standing (Borst et al., 1982) but does involve minimal
use of postural muscles.

The time interval at which the measurement ise

recorded must also be taken into account. In the
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current study an effort was made to record immediate HFR
and BP response to acute orthostasis in the belief that
major homeostatic adjustments to postural changes occur
in the first minute (Spodick et al., 1971; Guyton,

1981). Measurements recorded later during upright
posture might reflect adjustments to fluid loss from the
microvasculature or increased venous pooling that occurs

over time (Rowell, 1986).

=3

D

Limitations of the Study

Ry

K

This study was limited by three principle factors.

Sy n

First, the small sample gize probably did not allow for

AL

testing of a representative portion of the target
population (Polit & Hungler, 1986, pg. 425). Second,
the method used to simulate orthostasis may have allowed
some confounding variables to emerge. Use of a tilt
table with foot support was chosen in the belief that
this method simulated more closely the experience a
patient might have clinically. Even though the tilt

table method avoided the exercise response involved 1irn

active standing, with the feet supported there was still

» .
L8 A A

P

minimal use of postural muscles. Muscular activity was

227

noted in several subjects as they adjusted leg position

ey

to regain a feeling of balance after being tilted to an
upright position. It hae been demonstrated that
moderate muscular activity will significantly alter the

BP and HR response to orthostasis (Smith et al., 1987).
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Additional evidenrce suggests that afferent signals
from skeletal muscle fibers play a role in mediating a
pressor response (Kniffki, Mense, & Schmidt, 1981).
Smith et al., (1987) gimilarly noted a positive
correlation between electromyelographic activity and
arterial blood pressure. The fact that 87% of the
subjects in this study exhibited greatest HR and SBP
changes in the second and third tilt suggest some form
of anticipatory response and may corroborate findings
that response to orthostasis is altered by contraction
of abdominal or leg muscles (Borst et al, 1982).

A third limitation was the interval at which the
first HR and BP measurements were recorded. Although
measurement of HR was continuous, the first BP
measurement was recorded at one minute into the tilt.
There is evidence that the baroreceptor response occurs
in the first 10 to 20 seconds of upright posture
(Borst et al, 1982). It would be interesting to measure
HR and BP much earlier and perhaps more frequently
during the tilt procedure in an effort to capture the
earliest "peak®™ of barorecptor response.

Summary and Implicationg for Nursing

The primary purpose of this study was to examine
the relationship of physical fitness to HR and BP
response to orthostasis. No fitness related differences

could be demonstrated between three groups of healthy
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vomen categorized on the basis of individual Vozmax. o
The only relationship that emerged was that of a strong .4
inverse correlation between V02max and baseline heart :2
rate; a relationship well documented in the literature. ::.:t
The reflex homeostatic response to standing ies oy

“p

particularly important to the hospitalized patient who :-
is exposed to a variety of factors which could compound ; 
the risk of circulatory compromise. Orthostatic :Q
hypotension is a common problem among hospitalized §§
patients (Memmer, 1988). The literature differentiates ﬁi
betveen two general categories of hypotension; that .
which is functional and usually reversible and that J
wvhich is neurogenic in origin (Schatz, 1984). The list t$
of circumstances which predispose the patient to %&
functional orthostatic hypotension is lengthy. Factores E?
commonly seen in the patient population such as advanced ff
2

age, fever, fluid and electrolyte imbalances,

Pl

e
el T

pharmacological intervention, immobility, all put the

e

patient at risk (Ziegler, 1980; Schatz, 1984),

L
The prolonged recumbency which is often :.
Wy
characteristic in the treatment of critically ill b
s
petients 1s particularly detrimental to the maintenance e
L.
of normal cerdiovascular equilibrium (Winslow, 1985). Ry
K
Bed rest initiestes a cascade of physiological mechanismes -ﬁ
0
™
culminating in a depressor response (Blomgvist & Stone, A
»
1983). A substantial reduction of blood volume along Jﬁ
3
~
&
Y
~ s
N
L
.;
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with a reduction in peak oxygen uptake is followed by
the need for a greater HR elevation to maintain BP
during orthostasis (Blamick, Goldwater & Convertino,
1988).

e Very little has been done relating physical fitness
: to the care given hospitalized patients. Goldwvater et

: al. (1980) have suggested that athletic conditioning may
: predispose the hospitalized patient to orthostatic

intolerance, becauge of lower circulating levels of

PR L I

catecholamines associated with chronic exercise. It
! should be noted that Goldwater et al. (1980) examined

only males from 45 to 35 years old. Females were not

-

includec in this study. Therefore the results cannot be
generalized to females or to a younger population.

Schilling & Molen (1984), on the other hand,

e

demonstrated a pogitive relationship between fitness

' level and measures of recovery including duration of
hogpital stay and patient self-evaluation of wellness in
post-operative hysterectomy patients. It should be
noted that physical fitness was measured by the

; patient’e postexercise heart rate response to the

. Canadian Home Fitness Test and not in terms of Vozmax.

! An understanding of factors impinging on the

| homeostatic reflex to postural change is imperative for
i health care personnel working in the critical care

sector. Additional knowledge of the role phyeical

1yd
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- w -

R fitness may play in shaping and perhaps altering the

human response to illness is needed.

,‘
T
-

Suggestions for Further Research t

There is still a great deal to be learned about

T e A

physical fitness and circulatory dynamice particularly

r -1

3 as they apply to the hospitalized patient. The

-
e

,

following are suggestions for research:

1) An examination of postural response in

— -
AN

hospitalized patients before and after a prescribed

PR N

- - e

course of exercise.

-
X

; 2) An examination of different levels and typecs of :
x daily activity as they relate to recovery time measured 4
f‘
? by indices such as duration of hospital stay. !
)
; 3) The relative importance of physical fitness J
» -
& levels prior to hospitalization for wound healing f
W, o
b including cardiac ischemia. f
. 4) The role of fitness and response to drug A
‘. A
5 therapy. 3y
N X
7 S) A replication of this study with a different .
definition of fitness, for example, upper arm or -
b .
. abdominal strength. s
h/ Ly
2
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Appendix A

Bruce Protocol Treadmill Test

Speed and gradient are raised every three minutes acs

follows:

Gradient Duration

1V 4.2 mph 167%

Adapted from Bruce et al. (1973)
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Appendix B :
' ! Screening Questionnaire s
)
Please ansver the following questions as accurately c
as possible. All information will remain anonymous and L
will be kept under lock and key by the reasearcher. :
If you have any questions feel free to ask me for X
4 clarification or asgsistance. If at any time you should i
not vant to ansver you may refuse to do so. %
1) What is your present a8ge?........cciiveenrncincan.. '
' 3
i 2) Date of last menstrual period....... e et "
Y
\ 3) What is your N
n height?.......... ... Weight?........... e e e )
,
4) Are you presently being treated for any health é
; problems? (g
' 1f yes please h
: specify. ... .. i e e e e e e e e e e e e Y
] & » ® 8 e & & 2 e 2 2 s e 0 - e« 2 e s * & & @ & o * o s . . 4 & 2 @ o ® 4 s s T e s & B s 4 & & & = s = k
.. “ s e e e . .. . e s s 0 0 o .. . .. “ e s s e n s e e LI T PP I7
‘I
7
S5) Have you ever been treated for any poblems M
¥ involving: fat
y A
¥ .'
X yee no :
a) lungs et e e e e e e e e N . X
b) heart...... e e e b,
c) gastrointestinal (digestive) system...... ﬂ
: a) vascular system (veins).........c0.. .
A e) endocrine (hormone) system.........cc00..
' £) elimination. ... ...ttt i s e
) g) bones Or Joints. . ... ittt et p
: h) balance. .. ..ttt e e e e e .ﬂ
¥ v
¢ If the answver to any of the above was yes. please ¢
explain:.......... e e e e o
=)
6) Have you ever been treated for any psychological or Y
emotional problems? *
r e e e et et e i e e e e e e e e e ]
- 7) Have you ever been told that you have high blood )
ke pressure?...... Low blood pressure?.......... O
)
X 8) Have you ever fainted?...... ::
p If yes, what were the circumstances.......c.0e.c... 4
@ ¢ 5 6 4 8 o o e & s 8 s s s e 8 6 G & e s 6 68 e 5 8 s . 4 2 4 4 2 0+t s+ o 8 s s 0 b 6 B 8 s 0 0 e e s e s e l.
i
' k.
f o
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9) Are

10) How would you rate your current state of physical
fitness?

Very poor Poor Fair Good Very good Excellent

11) How frequently do you participate in a physical
activity (sport or exercise) in which you work up a
sveat for a period of at least 30 minutes? (check one of
the following):

.a At least once daily
.b) Every other day
.c) Twice a week

Once a week
.e) Once every two veeks
.5 Once a month
.g) Less than once a month

12) Do you participate in a routine form of

exercise?...........
If yes, please describe.........

k)
)
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Appendix C ;
DESIRABLE WEIGHTS FOR WOMEN
% According to Height and Frame, Ages 25 and Over X
\
§ Weight In Pounds Including Indoor Clothing-e :
o
./ (]
g Height Small Medium Large E
? (with 2" heals) Frame Frame Frame f
. 4’'10" 92-98 96-107 104-119 .
o 11" 94-101 98-110 106-122 E
i S’ o" 96-104 101-113 109-125 N
: in 99-107 104-116 112-128 1
b ‘
E 2° 102-110 107-119 115-131 :
:: 3" 105-113 110-122 118-134
. 4" 108-116 113-126 121-138
S 111-119 116-130 125-142
e" 114-123 120-135 129-146
7" 118-127 124-139 133-150
a" 122-131 128-143 137-154
gr 126-135 132-147 141-158
10" 130-140 136-151 145-163
11" 134-144 140-155 149-168
: 6" oO" 138-148 144-159 153-173 ;
i #Indoor clothing = 3lbs
\: Subtract 11lb for each year under 25 \
; From the Metropolitan Life Insurance Company N
{ Statistical Bulletin, October, 1977.
}
v
4 X

]
\. .
L

A

L) . R —_ .on
ll.l..'l‘. ""_,'Q » I‘..‘ - ‘n SR ~ \ ." . s ,- o

AT R TR AT T T T e et RO e
- b af () L) » ™

»
%

AL LELY
b »

AN AR AN TR AT A T AT W TN
o ) » ol ey Bt -,



Appendix D

College of Sports Nedicine
Guidelines for Exercise Testing

APPANENTLY HEALTHY

- W MW T AR 3
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it tully legible reproduction

HIGHEN RISA Wi
45 and Yelow 15 a5 and Abos e 1~ >

Below 45 Abine Neo Stmptaoms Neo Svingitomes Svmptoms A A
Maxsmal Exercise Test
Kecommesshed Prioe to No Yes Nao Yes Yes Yoo
an Exercise Program
Physician Attendance
Revommended for No Yes Yes Yeou Yes Yoo
Mavmol Testing {under 35)
Physician Attendance
Recommended for No No Na Yeu Yes Yoo
Sulv maximal Teshing

Co j
PY available to DTIC does nof
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Appendix E
CONSENT FORM
UNIVERSITY OF WASHINGTON
CONSENT FORM
The Effect of Physical Fitness on Response to Orthostasis

INVESTIGATORS:

CAROLYN K. GOOCH, R.N., B.S N. William Ryan, Ph.D., R.N.
Graduate Student Assistant Professor
Phyeiological Nursing Physiological Nursing
365-0465 543-8650

PURPOSE AND BENEFITS

You are being asked to participate in a study to
evaluate your heart rate and blood pressure response to
moving from a lying down position to an upright posture.
The purpose of the study i8 to examine the relationship

betwveen physical fitness and the cardiovascular response
to standing.

You will directly benefit by receiving a free
scientific measurement of your aserobic fitness level.
Indirectly, you will be contributing to the understanding

of physicsl fitness as it relates to cardiovascular
etability.

PROCEDURES

The investigator will agk you several health related
questions over the phone to determine whether you are
eligible to participate. After eligibility is determined
you vill be sheduled for a test to wmeasure your aerobic
fitness level and given verbal instructions regarding
preparation for the procedure. This test involves walking
on a exercise treadmill at increasing levels of effort
until you reach a point of excessive gshortness of breath
or are unable to continue. Heart rate will be measured by
electrocardiogram and blood pressure by the standard cuff
method throughout the test. You will breath into a
machine that collects expired air. The procedure will be
conducted at the pulmonary functions lab at University
Hoespital and will take from 45 minutes to one hour.

The second phase of the study involves a test of your
heart rate and blood pressure response to upright
posture. The procedure will take approximately one hour
and wvill be conducted on 8 day following the exercise test
at the Schoocl of Nursing in the Health Care Sciences
Building on the University of Washington campus. You will
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receive written instructions on how you should prepare
prior to the procedure. You will be asked to lie on your
back on a padded tilt table. A blood pressure cuff will
be placed on one arm and electrocardiogram (EKG) leads
(small sticky pads) will be placed on your chest in three
different spots. These connectione do not pierce the skin
or cause discomfort in any wvay.

After connection of the measurement devices the table
wvill be tilted until you are in a standing poaition. The
table is equipped with a foot support and restraining
straps 8o that you will remain safely and comfortably on
the table. After you have been in the upright position for
five minutes you will be returned to a horizontal position
and the experimental phage is over. The investigator will
record heart rate and blood pressure at several intervals
before, during and after the upright tilting maneuver.

RISKS, STRESS AND DISCOMFORT

Although risks during exercise test are minimal there
exists a possibility of abnormal blood pressure response,
fainting, disorders of the heart beat (too fast, too slow
or ineffective), and very rare instances of cardiac
arrest. Every effort will be made to minimize these by
preliminary testing and by observations during testing.

Because the test consists of maximum physical exertion
over a short period of time (9 to 12 minutes) you will be
very fatigued and breathlees when it is finished and may
experience some residual muscle soreness. Emergency
equipment and trained personnel vill be available to deal
with unusual situations should they arise.

No adverse effectg are expected during the tilting
maneuver. There is a possibility of inadequate
cardiovascular response resulting in dizziness or
fainting. In the event of asbnormal responses of heart
rate or blood pressure, the tilt will be immediately
terminated. The investigator will deal with minor adverse
reactions on the spot. Emergency personnel will be called
in the unlikely event of severe cardiovascular problems.

PRI A

OTHER INFORMATION

At no time during the study will photographs or
audiotapes be used. All data collected will be kept
strictly confidential under lock and key by the primary
invegtigator. No individuals will have accese to the
information apart from the primery investigator, a
statistician and thesis committee. This study 4is being
done in partial fulfillment of the graduate requirements
of the Department of Physiological Nursing. Study data in
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the form cof a thesis will be placed in the Univirsity of
Washington library. Data gathered will be kept
indefinitely. You are free to decide whether or not to
participate in the study and are free to withdrav from the
study at any time without penalty or loss of benefite to
vhich you are otherwvise entitled.

In the event of physical injury as a direct result of
study procedures, subjecte will be referred for
appropriate treatment. Costs for treatment will be
covered within the limits of the University of Washington
compensation plan.

Subiject’s Statement

The study described above has been explained to me. I
voluntarily conesent to participate in this activity. I
have had an opportunity to ask questions. I understand
that future questions I may have about the research or
about my rights as a subject vill be ansvered by the
investigator listed above.

Signature of subject
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Appendix F
Subject Instructions

The folloving are guidelines for you to follow
prior to and on the day of the procedure (exercise
test/tilting wmaneuver) for which you are scheduled:

1. Do not take any medication or other drugs
(except for birth control pills) for 72 hours
prior to the test.

2. Obstain from drinking alcoholic beverages for
72 hours prior to testing.

3. Do not drink or eat for four hourse prior to
testing.

4. Do not participate in vigorous exercise for at
least 24 hours prior to testing.

S. Report to the (Health Care Sciences
building/pulmonary function lab) dressed in
comfortable exercise clothes with tennis shoes
or running shoes on.

Additional preparation for the tilt maneuver only:

1. No table galt or salty foods 24 hours prior to
tilting.

2. No more than 2 eight ounce cans of carbonated
drinks 24 hours prior to testing.

3. Keep a diary of all ingested foods and liquids
for the day prior to testing and bring it with
you on the day of the tilt maneuver.

If your have any questions regarding these
instructions or any other aspect of the study please
feel free to call the investigator at any time. You
vill be contacted by the investigator with directions to
the testing areas.

INVESTIGATOR:

Carolyn K. Gooch, Graduate Student, School of Nursing
Home phone: 365-0465
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Appendix G
Data Gathering Tool

Subject
‘ Dete
| Baseline BP
| Baseline HR
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Heart Rate Blood Pressure
1l min 1 min
3 min 3 min
S min S min
Subjective complaints: Adverse reactions:
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Heart Rate Blood Pressure
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