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ABSTRACT

A quasi-experimental study was conducted to compare preoperative
and postoperative postural responses to position change. A convenience
sample of 30 men and women admitted for elective coronary artery bypass
graft (CABG) surgery performed supine to sitting and supine to standing
position changes prior to surgery and on postoperative day two or three.

An ANQOVA with repeated measures compared the responses of
systolic blood pressure, diastolic blood pressure and heart rate.
SYstolic blood pressure exhibited a significant change from preoperative
to postoperative measurements. Diastolic blood pressure remained the
same; heart rate changed over time, but no significant preoperative to
- postoperative changes occurred. Comparison of normotensive and
hypertensive subjects revealed reduced postoperative responsiveness in
the hypertensive subjects for systolic blood pressure and heart rate.
Nurses caring for postoperative CABG patients should anticipate a

reduction in blood pressure and an increase in heart rate upon standing.
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CHAPTER 1
INTRODUCTION

Arterial blood pressure is the force or the contracting ventri-
cle, propelling blood into the systemic circuit. Flow, pressure, and
resistance are interdependent principles upon which cardiovascular
hemodynamics are based (Levy, 1979). Blood circulates because a pressure
gradient exists within the vessels. The amount of blood circulating per
minute (flow) is directly proportional to the mean arterial pressure
minus central venous pressure (the pressure gradient) and inversely
related to resistance (Sagawa, Maughan, Suga, & Sunagawa, 1988).

Arterial pressure maintenance and control are reviewed in Chapter
1. Regulation of arterial pressure and the interrelationship of neuro-
genic and reflex control are examined. Arterial pressure control during
postural changes is examined, and causative factors outlined. A study
to examine postural blood pressure and heart rate responses before and
after coronary artery bypass graft (CABG) surgery has been carried out.

The nurse caring for the postoperative coronary artery bypass
graft patient strives to maintain hemodynamic stability while optimizing
the patient’s postoperative course. Postural hypotension may produce
symptoms of dizziness, an unsteady gait, or syncope. Severe hypotension
may result in untoward complications such as hemodynamic instability,
brain concussion secondary to falling, and prolonged hospitalization.

By anticipating postural respounses, the nurse may better assist the
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patient with ambulation and discharge planning. The nurse's role
includes evaluating the patient’s medical and therapeutic regime for
potential causes of orthostatic hypotension and developing an improved
plar; of care (Memmer, 1988). Nursing interventions to relieve the
symptoms of postural hypotension are within the domain of nursing
(Underhill, Woods, Froelicher, & Halpenny, 1989).

Several interrelated systems with complementary functions regu-
late arterial pressure. Rapidly acting pressure control mechanisms
operate via nervous and hormonal control of circulation. Intermediate
mechanisms begin to act within a few minutes and reach maximum function
within a few hours (Schatz, 1980). Long-term mechanisms for arterial
pressure control, centering on renal-fluid volume-pressure control
relationships, provide stability over a period of days.

Reflex mechanisms controlled by the nervous system respond
instantaneously to pressure changes. The baroreceptor reflex initiates
arterial pressure control. A rise or fall in pressure causes increased
or decreased stimulation of the baroreceptors in the aortic arch, intima,
and carotid sinus (Schatz, 1984). Impulses are transmitted via Hering's
nerve (from the carotid sinus) and the vagus nerve (from the arch of the
aorta) to the glossopharyngeal nerve and on to the medulla. Neuronal
activity in these afferent fibers is increased when an elevation in
pressure stretches the vessel at the receptor site (Abel & McGutcheon,
1979). The stimulation of the vasomotor center of the medulla reduqes
sympathetic vasoconstrictor neuronal activity, resulting in decreased
vasoconstrictor tone (i.e., vasodilation) and decreased strength of

contraction. The net effect is reduced arterial pressure. Concurrently,
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baroreceptor activation influences the cardioinhibitory center in the
medulla to produce reflex bradycardia (Schatz, 1980). A low arterial
preséure has the opposite effect. Decreased baroreceptor impulses
produce reflex vasoconstriction and tachycardia. The physiological
effects of the baroreceptors are eliminated if mean arterial pressure is
less than 60 mm Hg (Berne & Levy, 1986).

Chemoreceptors, a second form of reflex control, exert their main
effect on respiration. Afferents in the bifurcation of the carotid
arteries and the arch of the aorta respond to a lack of oxygen, and an
excess of hydrogen ion or carbon dioxide. The cardiovascular response
to chemoreceptor stimulation is peripheral vasoconstriction and bradycar-
dia. Chemoreceptor activity regulates arterial pressure when the mean
arterial pressures is between 40 and 80 mm Hg (Sagawa et al., 1988).

At arterial pressures below 50 mm Hg (systolic), the central
nervous system (CNS) ischemic response is initiated. Extensive sym-
pathetic nervous discharge occurs in response to inadequate cerebral
blood flow. The response overrides that of the baroreceptors and pro-
duces severe vasoconstriction and increased myocardial contractility, as
the sympathetic nervous system attempts to prevent irreversible cerebral
ischemia and death of neuronal cells (Ziegler, 1980).

Stretch receptors in the atria also effect arterial pressure.
Distention of the atrial walls, stimﬁlates the stretch receptors,
producing increased venous return. The circulatory response includes
tachycardia and vasodilation, with a resultant fall in blood pressure

(Guthrie & Kotchen, 1984).
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Hormonal mechanisms for control of arterial pressure include the:
(1) norepinephrine-epinephrine vasoconstrictor mechanism, (2) renin-
angiotensin vasoconstrictor mechanism, and (3) vasopressin vasoconstric-
tor mechanism (Schatz, 1984). Norepinephrine and epinephrine are
released by the adrenal medulla in response to sympathetic stimulation.
Norepinephrine produces a generalized vascular constriction, epinephrine
increases rate and force of cardiac contraction.

Renin secretion increases as the blood pressure falls or extra-
cellular fluid volume is reduced. Renin liberates angiotensin I and II
to provide a generalized vasoconstrictor action. Twenty minutes is
required to fully activate this system, therefore, the response is not
as instantaneous as the reflex mechanisms. Duration of action is cor-
respondingly longer (Ziegler, 1980).

Stimulation of afferent receptors inhibits secretion of anti-
diuretic hormone (ADH) and reduces sympathetic tone to the renal vessels
and juxtaglomerular apparatus. Aldosterone secretion is stimulated, and
acts on the kidneys to decrease excretion of salt and water, thereby
increasing blood volume and affecting long-term regulation of arterial
pressure (Paulson et al., 1988).

Vasopressin is a third hormone with an effect on arterial pres-
sure. Secreted by the hypothalamus (via the posterior pituitary gland),
vasopressin exerts a direct vasoconstrictor effect on the blood vessels.
Elevated total peripheral resistance and arterial pressure result.
Vasopressin (or antidiuretic hormone) plays an important role in pro-
longed states of circulatory collapse (Hashemzadeh-Gargari, Baertschi,

& Guyenet, 1988).
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The maintenance of arterial pressure as an individual moves from
a supine to an erect posture requires exquisite fine-tuning to counteract
gravitational forces on the blood. Local and systemic adjustments pre-
vent excessive pooling of blood in the periphery. The intrathoracic
cavity loses 400 ml of blood immediately upon standing as the venous
valves stretch open, increasing the capacity of the peripheral veins to
trap blood. A decrease in venous return, ventricular filling, stroke
volume, and systemic blood pressure result. Without compensatory
changes, lowered cardiac output would lead to a reduction in cerebral
blood flow and loss of consciousness (Kennedy & Crawford, 1984).

The reduction in blood pressure is sensed by the regulatory
mechanisms. The baroreceptors in the aortic arch and carotid sinus
receive decreased neuronal stimuli, and respond by activating the
sympathetic nervous system. Tachycardia and peripheral arteriolar and
venous constriction in the limbs occurs reflexively. Splanchnic vessels,
kidneys, and lungs show vasoconstriction. Increased vascular tone
minimizes changes in arterial pressure (Memmer, 1988).

Other reflex changes occur upon standing. Increased rate and
depth of respiration facilitates venous return to the heart via a longer
duration of negative intrathoracic pressure. Increased striated muscle
tone and tissue pressure in the legs and abdominal muscles also increase
venous return to the heart (Schatz, 1984). Prevention of cerebral
ischemia and maintenance of arterial pressure are the end results.

Concurrent immediate release of norepinephrine and epinephrine
enhance vasoconstriction and increases cardiac contractility and heart

rate. Norepinephrine operates as a transmitter to produce alpha-
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adrenergic effects and vascular constriction. Beta-adrenergic stimula-
tion increases inotropic and chronotropic cardiac action. The renin-
angiotensin-aldosterone system is activated but reaches full impact
later. Retention of sodium and water increases blood volume and arterial
pressure, providing long-term control of blood pressure but has little
effect on immediate needs (i.e., postural changes). The potent vasocon-
strictor properties of angiotensin II play a role in the immediate
maintenance of blood pressure (Thomas, Schirger, Fealey, & Sheps, 1981).

In summary, arterial pressure regulation is an intricate combi-
nation of neural and hormonal mechanisms. As the individual stands,
reflex mechanisms regulate blood pressure. A derangement in any of these

mechanisms will alter the body's ability to regulate arterial pressure.

Overview of the Problem

As the individual moves from supine to erect posture, adaptive
cardiovascular mechanisms are initiated to maintain arterial pressure
and cerebral perfusion. Sympathetic mnervous system functions are
stimulated, parasympathetic responses inhibited (Thomas et al., 1981).
Normally, the initial hemodynamic consequences of assuming an erect
posture are decreased systolic blood pressure, no change or a slight
increase in diastolic blood pressure, a rise in heart rate of 5 to
25 beats per minute, and a fall in cardiac output (Schatz, 1984).
Failure of adaptive cardiovascular mechanisms to respond to postural
changes results in orthostatic hypotension.

During CABG surgery, cardiopulmonary bypass produces fluid volume

shifts from the vascular to the interstitial fluid compartments for 48
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to 72 hours (Reid, Digerness, & Kirklin, 1968). Use of potent diuretics
decreases the interstitial and vascular compartments of their fluid
volume, and may dangerously lower circulating blood volume for 48 to 72
hours. Hypovolemia has been implicated as a secondary cause~of ortho-
static hypotension (Schatz, 1984), yet studies of orthostatic hypotension
(OH) in patients undergoing coronary artery bypass graft (CABG) surgery
have not been conducted. The hemodilution associated with cardiopul-
monary bypass may also enhance venous return and cardiac output.

Other causes of orthostatic hypotension are found in the postop-
erative CABG surgery patient. Hypokalemia reduces peripheral vasocon-
striction and the transmission of mneural impulses (Memmer, 1988).
Medications which cause OH include antihypertensives, antidepressants,
narcotics, and vasodilators (Susman, 1988). The CABG surgery patient may
experience some or all of the above situations or therapeutic regimes.

The definition of orthostatic hypotension varies widely. Polin-
sky, Kopkin, Ebert, and Weise (1981), in a study for the National Insti-
tutes of Health, defined orthostatic hypotension as a drop in systolic
blood pressure greater than 15 mm Hg. Thomas et al. (198l) used the
definition of a decrease in systolic pressure greater than 25 mm Hg and
a decrease in diastolic pressure greater than 15 mm Hg. Schatz (1984)
defined orthostatic hypotension as a decrease in systolic pressure of
25 mm Hg (or greater) and a decrease in diastolic blood pressure of
10 mm Hg (or greater). Susman (1988) emphasized accompanying symptoms
(dizziness, syncope) as definitive for OH.

Along with an orthostatic drop in systolic and diastolic blood

pressure, tachycardia results from reflex sympathetic stimulation and
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inhibition of the vagal response. Orthostatic hypotension secondary to
autonomic dysfunction will not be accompanied by tachycardia because of
inactivation of the cardiocaccelerator nerves. In contrast, orthostatic
hypotension due to volume depletion, or a secondary cause with intact
autonomic function, will concomitantly have a pronounced tachycardia
(Thomas et al., 1981).

Current nursing literature addresses orthostatic hypotension.
Earlier editions discussed OH sporadically; newer editions review
pathophysiology, and identify signs and symptoms of OH (Jacobs & Geels,
1985; Brumner, Suddarth, Bare, Boyer, & Smeltzer, 1988; Kozier & Erb,
1987). Beland and Passos (1981) described leg and ankle exercises to
reduce the symptoms of OH in the immobile patient. Underhill et al.
(1989) reviewed OH and identified specific nursing interventions to
prevent injury in the patient experiencing OH. A critical care text
(Shoemaker, Ayres, Grenvik, Holbrook, & Thompson, 1989) gives a clear
overview of the pathophysiology of OH. Other nursing texts (Jacobs &
Geels, 1985; Carrieri, Lindsey, & West, 1986) do not emphasize pathophys-
iology. The amount (mm Hg) of increase in systolic or diastolic blood
pressure is not defined--possibly because the literature is not clear on
the definition of OH (Samson, 1985; Ziegler, 1980).

Memmer (1988, p. 136) reviewed the occurrence of acute ortho-
static hypotension as a "common experience during a patient's first
experience out of bed after surgery or a period of immobility.” The
author identified causes of orthostatic hypotension and gave practical

nursing interventions. Orthostatic hypotension was defined as a drop in
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systolic blood pressure of 25 mm Hg and a drop in diastolic blood pres-
sure of 10 mm Hg.

In a nursing researchAstudy, Moore and Newton (1986) examined the
orthostatic response and possible gender differences in the response.
In their study of healthy men (n = 25) and women (n = 25), heart rate
and blood pressure responses to moving from a supine_to a standing posi-
tion were examined. No difference in heart rate and blood pressure
responses was detected between men and women. The heart rate response
stabilized after 45 seconds, with 2 minutes required for the systolic
blood pressure to stabilize. The diastolic response was complete
immediately upon standing.

In summary, orthostatic hypotension is a well documented phe-
nomena (Schatz, 1984). Its definition varies widely in the literature,
and nursing texts do not uniformly address this potential problem.
Nursing implications for orthostatic hypotension require careful under-
standing and knowledge of the problem and its sequelae. Coronary artery
bypass graft patients require expert nursing intervention, but identifi-
cation of orthostatic hypotension in this population has not occurred.
The intent of this study was to add to the nursing body of nursing
knowledge on orthostatic hypotension and to provide guidelines for the
postoperative care of CABG surgery patient.

The study presented here examined blood pressure and heart rate
responses in the CABG surgery patient. Baseline preoperative postural
responses were compared to postoperative postural responses. Implica-
tions for nursing care of the postoperative CABG surgery patient are then

addressed.
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Statement of the Purpose

The purpose of the study is to describe the postural response of
systolic blood pressure, diastolic blood pressure, and heart rate in
preoperative and postoperative coronary artery bypass graft patients, as
the patient moves from a supine to a sitting, and from a supine to a

standing pc;s ition.

Statement of the Problem
In the postoperative CABG surgery patient, what is the blood
pressure and heart rate response as the individual moves from a supine
to a sitting position? What 1s the blood pressure and heart rate
response as the individual moves from a supine to a standing position?
Is there a preoperative and a postoperative difference? Does the

response of the normotensive and the hypertensive subject differ?

Significance of the Problem

In response to moving from a supine to an upright position,
finely-tuned physiologic mechanisms prevent the individual from fainting
by preventing excéssive pooling of blood in the peripheral wveins.
Expected hemodynamic changes are a decrease in the systolic blood
pressure, no change or slight increase in diastolic blood pressure,
increased heart rate of 5 to 25 beats per minute, and a slight reduction
in cardiac output (Schatz, 1984). The individual may or may not have
symptoms of dizziness and fainting.

Coronary artery bypass graft surgery may produce conditions which
induce orthostatic hypotension: hypovolemia, hypokalemia, pharmacologic

managements, anesthesia, and immobility may all play a role in the
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patient’s postoperative course. Uncovering the presence of orthostatic
hypotension allows treatment of the underlying cause or causes and
initiation patient management (Susman, 1988).

Patients undergoing CABG surgery experience immobility, hypovole-
mia, potential hemorrhage, and multiple medication administrations. Each
situation or combination of factors may precipitate orthostatic hypoten-
sion. A variety of medications commonly prescribed prior to, during, and
after open heart surgery may interact, along with anesthetic agents, to
precipitate hemodynamic instability or severe hypotension (Streisand &
Wong, 1988).

Cardiopulmonary bypass diverts circulating blood volume from the
heart and lungs, by means of a mechanical system of oxygenation and
temperature regulation. Hemodilution reduces the hemoglobin concentra-
tion and oxygen content of the blood (Messmer, 1988). Dilute fluid
extravasates to the interstitial compartment during bypass and the early
postoperative period. An expanded interstitial fluid volume has been
found at 48 hours after the operation (Beattie, Evans, Garnett, & Webber,
1972), along with a reduced circulating plasma volume (Karanko, Ruotsa-
lainen, Uusipaikka, & Laaksonen, 1986). Spontaneous diuresis usually
occurs as colloidal oncotic pressures normalize (Weiland & Walkexr, 1986).
Short-term diuretic therapy may accelerate mobilization of excess volume,
but could be dangerous if the circulating blood volume after open-heart
surgery is already reduced (Beattie et al., 1972). Hypovolemia may
contribute to orthostatic hypotension (Susman, 1988).

Knowledge of OH in this CABG surgery population allows the nurse

to anticipate problems, to spot accompanying signs and symptoms, and to
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initiate patient teaching and nursing interventions (Zorb, 1988). By
clarifying the basis for nursing actions, the role of the nurse in the
care of the CABG surgery patient will be strengthened. Further research
may identify causative factors and differentiate the myriad of factors

in the CABG surgery patient which predisposes him/her to OH.

Theoretical Framework

The theoretical framework for this study has been diagrammed on
the following page (Figure 1). The overriding construct for the study
was blood pressure regulation. Two concepts were_identified within the
construct of blood pressure regulation, orthostatic blood.pressure and
orthostatic heart rate. Each concept was further differentiated. From
the concept of orthostatic blood pressure, the concept of orthostatic
blood pressure after CABG surgery was generated. The above concept was
operationalized by recording postural blood pressures (systolic and
diastolic) while supine, when moving from a supine to a sitting position,
and when moving from a supine to a standing position.

Similarly, within the concept orthostatic heart rate a further
concept was identified: Orthostatic heart rate after CABG surgery. To
operationalize this concept the subject’s heart rate was recorded using
a 5-lead electrocardiograph monitor in the supine position, when moving
from a supine to a sitting position, and when moving from a supine to a
standing position.

A related physiologic concept occurring concurrently was intra-
vascular volume. A further concept defined from the above was post-

operative intravascular volume. Causal relationships have not
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Figure 1. Conceptual framework for orthostatic blood pressure and heart rate responses before and
after coronary artery bypass graft surgery
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been determined; postopefative intravascular volume was not operational-
ized.

Operational Definitions

Supine blood gressuré: The systolic and diastolic blood pressures taken
after 10 minutes with the subject lying flat, with one pillow,
in his hospital bed. Two pressure readings within 5 mm Hg
constituted a resting baseline reading.

Sitting blood pressure: The systolic and diastolic blood pressure taken,
according to American Heart Association (AHA) guidelines, when
the subject assumed a 90° sitting position at his bedside, with
legs dangling and one arm resting at the level of the right
atrium.

Standing blood pressure: The systolic and diastolic blood pressures
taken, according to AHA guidelines, when the subject stood with
both feet flat on the floor and the measurement arm resting at
the level of the right atrium.

Supine heart rate: The measurement of the R to R interval rate, at spec-
ified times, using the Physiocontrol Vital Signs Monitor, as the
subject lay flat (with ome pillow) in his hospital bed. For
irregular rhythms the number of intervals in 6 seconds were
counted and multiplied by 10.

Sitting heart rate: The measurement of the R to R interval rate, using
the Physiocontrol Vital Signs Monitor, as the subject assumed a
909 sitting position on the side of his hospital bed, with legs
dangling. For irregular rhythms the number of intervals in

6 seconds were counted and multiplied by 10.
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Standing heart rate: The measurement of the R to R interval rate, at

specified times, using the Physiocontrol Vital Signs Monitor, as
the subject assumed a standing position at the bedside, with both
feet flat on the floor. For irregular rhythms the number of

intervals in 6 seconds were counted and multiplied by 10.

Hypotheses

From the above theoretical framework, 15 hypotheses are formu-

lated to identify relationships between concepts and guide the study:

1.

There is no change in systolic blood pressure when moving from
a supine to a sitting position prior to coronary artery bypass
graft surgery.

There is mno change in diastolic blood pressure when moving fian
a supine to a sitting position prior to CABG surgery.

There is no change in heart rate when moving from a supine to a
sitting position prior to CABG surgery.

There is no change in systolic blood pressure when moving from
a supine to a standing position prior to CABG surgery.

There is no change in diastolic blood pressure when moving from
a supine to a standing position prior to CABG surgery.

There is no change in heart rate when moving from a supine to a
standing position prior to CABG surgery.

There is no change in systolic blood pressure, on the second or
third postoperative day after CABG surgery, when moving from a

supine to a sitting positiom.




10.

11.

12.

13.

14,

15.
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There is no change in diastolic blood pressure, on the second or
third postoperative day after CABG surgery, when moving from a
supine to a sitting position.
There is no change in heart rate on the second or third post-
operative day after CABG surgery, when moving from a supine to
a sitting position.
There -is no change in systolic blood pressure, on the second or
third postoperative day after CABG surgery, when moving from a
supine to a standing position.
There is no change in diastolic blood pressure, on the second or
third postoperative day after CABG surgery, when moving from a
supine to a standing position.
There is no change in heart rate, on the second or third
postoperative day after CABG surgery, when moving from a supine
to a standing position.
There is no difference in the systolic blood pressure response
to moving from supine to standing preoperatively and postopera-
tively for normotensive and hypertensive subjects.
There is no difference in the diastolic blood pressure response
to moving from supine to standing preoperatively and postopera-
tively for normotensive and hypertensive subjects.
There is no difference in the heart rate response to moving from
supine to standing preopé&atively and postoperatively for

normotensive and hypertensive subjects.
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Summary

Blood pressure regulation in man is a complex interdependence of
reflex, hormonal and nervous mechanisms. Specifically, regulation of
arterial pressure during posture changes requires immediate, reflexive
responses to maintain cerebral perfusion and prevent the wunchecked
effects of gravity on cardiac output. A variety of functional and
neurogenic causes may upset this delicate balance. The patient under-
going coronary artery bypass graft surgery may be at risk for orthostatic
hypotension due to secondary causes. Hypovolemia, medications, anes-
thesia, immobility, and prolonged bedrest may all contribute. Memmer
(1988) stated that hypovolemia is the most common cause of hypotemsion
in the immediate postoperative period, and immobility in the late
postoperative period.

This study was undertaken to describe the incidence of ortho-
static hypotension in the postoperative coronary artery bypass patient.
Hypotheses were tested to evaluate changes in systolic blood pressure,
diastolic blood pressure, and heart rate response to two position

changes--supine to sitting and supine to standing.
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CHAPTER 2

EXPLANATION OF THEORETICAL FRAMEWORK

The theoretical framework allows the researcher to present a
systematic explanation about the relationships among phenomena (Polit &
Hungler, 1983). In this study concepts related to blood pressure
regulation and orthostatic responses were examined. Related literature
and pertinent research to explore the concepts under study are examined

in this chapter.

Construct: Blood Pressure Repulation

Blood flows in a continuous circuit within the systemic and
pulmonary circulation. Oxygen and nutrients are exchanged for waste
products at the capillary level. The velocity of the blood flow through
each vessel of the circulation is inversely proportional to its cross-
sectional area. The aorta has the smallest area, hence the highest
velocity; conversely, the capillaries have the largest area and therefore
the slowest velocity (to allow time for the exchange of nutrients). The
flow of blood in circulation is controlled by dilation or constriction
of local arterioles, as well as regulation via nervous and humoral
mechanisms.,

Pressure in the systemic and pulmonary circulation is generated
to maintain tissue perfusion. Flow in any portion of the vascular system
equals the effective perfusion pressure divided by the resistance. In

an organ perfused with a nonpulsatile flow pump, a gradual rise in




29
vascular resistance occurs, and tissue perfusion fails (Ganong, 1983).
The systolic nature of arterial blood pressure produces a systolic
pressure (peak value) and a diastolic pressure (minimum value). The mean
pressure is the average pressure throughout the cardiac cycle. The mean
pressure at the end of the arterioles is 30 to 38 mm Hg (Guyton, 1976).
Pressure is defined as force per unit area exerted perpendicular
to a surface (Kenner, 1988). Arterial blood pressure is under continuous
‘hemodynamic control. The effects of arterial blood pressure are to:
(1) drive blood through the periphery, (2) distend the arteries,
(3) determine the ’'afterload,' the amount of work the heart must perform
to eject a given stroke volume, and (4) provide a driving force to propel
fluid through the arterial system (Kenner, 1988).
Arterial blood pressure is the product of the cardiac output and
the peripheral resistance. An increase in either of the latter variables
will cause a rise in arterial pressure. For example, emotion may raise

‘the cardiac output and raise the resting blood pressure (Memmer, 1988).

Arterial Pressure Regulation

Arterial pressure regulation is a composite of several interre-
lated systems with specific functions. Nervous mechanisms are initiated
instantly by reflex action. Hormonal mechanisms peak several hours or
days later and provide intermediate and long-term control of blood pres-
sure. Current research studies are exploring the effects of baroreceptor
control of heart rate and blood pressure.

Arterial blood pressure is one of the most closely regulated of

the cardiovascular variables. The constancy aids in the maintenance of
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tissue perfusion. Instantaneous control is provided by a negative feed-
back system via baroreceptors in the carotid artery and aortic arch.
Baroreceptors are sensitive to mechanical stretch or deformation of the
véessel wall, Nervous impulses are'sent via afferent fibers of the
glossopharyngeal nerve (from the carotid sinus) or the vagus nerve (from
the aortic arch) to the central nervous system. The negative feedback
mechanism produces an opposing response.

Sympathetic nervous discharge is controlled by the vasomotor
center in the medulla oblongata. Pressor and depressor areas may produce
tachycardia and a rise in blood pressure or bradycardia and a fall in
blood pressure (Abel & McCutcheon, 1979).

In the setting of an elevated pressure, the increased stretch of
the arterial wall generates increased impulses to afferent fibers. An
inhibition of sympathetic outflow occurs, thereby decreasing vasocon-
strictor tone and cardiac output. Reflex bradycardia and peripheral
vasodilation occur. Bradycardia and a lowered myocardial contractility
are produced by simultaneous activation of vagal parasympathetic fibers
passing to the heart and a withdrawal of sympathetic impulses from the
heart. In addition to the heart, sympathetic activity is withdrawn from
all innervated organs. Decreases in cardiac, renal, splenic, splanchnic
and lumbar sympathetic nerve activity occur (Guthrie & Kotchen, 1984).

Conversely, as an individual stands, pressure in the carotid
sinus and aortic arch decreases. Afferent impulses decrease; the vagus
and carotid sinus nerves increase sympathetic tone. The increased sympa-
thetic outflow raises heart rate, arteriolar constriction and venocom-

striction. The net result is an elevated cardiac output and peripheral

—
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resistance, as well as the return of blood pressure to normal levels

(Abel & McCutcheon, 1979).

Baroreceptor Control. Baroreceptors provide the critical first
link in neuro-regulation of blood pressure (Brown, 1980). Minute changes
in arterial pressure occur rapidly and provide a response to common tran-
sitory stimuli, such as eating, exercise, or emotions. Nervous regula-
tion ends after a few hours to days. The'nervous pressure r;ceptors
'adapt' and lose their responsiveness (Guthrie & Kotchen, 1984).

Animal studies have confirmed the role of baroreceptors in blood
pressure regulation. For instance, baroreceptors in hypertensive animals
differ from those in normotensive animals. In hypertension the barore-
ceptors are reset and have a higher operating point; also, sensitivity
to increments of pressure is reduced (Brown, 1980).

Sino-atrial denervations in animals produce hypertension and
demonstrate baroreceptor regulation and the unique makeup of each recep-
tor body. Aortic arch and carotid sinus baroreceptors differ in struc-
ture and responsiveness. The baroreceptors in the carotid sinus are in
a portion of the vessel that is structurally unique. Conversely, aortic
arch tissue (containing aortic baroreceptors) are located in similar
tissue throughout the arch (Brown, 1980). With both vagi nerves cut and
only the carotid sinus baroreceptors activated, an 8% hemorrhage in dogs
produced a 14% reduction in mean aortic pressure. However with carotid
sinuses denervated and aortic baroreflexes intact, a 38% decline in mean
aortic pressure occurred (Berne & Levy, 1986). Thus the carotid baro-

receptors are more effective in minimizing a drop in blood pressure.
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Aortic baroreceptors are most effective in the presence of an elevated
pressure. Together the baroreceptors buffer the magnitude of absolute
spontaneous pressure variations.

In human populations, to differentiate carotid and aortic
baroreceptor activity, external neck pressure or suction is employed to
deactivate either carotid or aortic baroreceptors. Sanders, Mark, and
Ferguson (1989) employed external neck suction and the administration of
sodium nitroprusside to selectively deactivate either baroreceptor body.
Efferent sympathetic nerve activity to muscle was measured, in addition
to mean pressures, central venous pressures, and heart rate. Arterial
hypotension produced by sodium nitroprusside resulted in significant
decreases in systolic, diastolic, and mean arterial pressures; pulse
pressure remained the same as control values. A significant increase in
heart rate occurred, along with marked increases in efferent muscle
sympathetic nerve activity. Hence the baroreceptors produced a combined
marked sympathoexcitation.

During deactivation of the carotid baroreceptors, the aortic
baroreceptor increased efferent sympathetic muscle nerve activity. Mean
arterial pressure and heart rate also increased. The carotid barore-
ceptors did not produce similar increases in nerve activity. Arcterial
pressure and heart rate were Iincreased. Thus Sanders et al. (1989)
determined the major difference in baroreceptors to be in stimulation of
nerve activity.

Another means of studying baroreflex control in humans is by
24-hour monitoring of heart rate and blood pressure. Using this tech-

nique, marked variability in day and night-time blood pressures have been
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noted. Mancia et al. (1986) studied 82 ambulant hypertensive subjects
via 24-hour intra-arterial blood pressure recordings. Intravenous
injections of phenylephrine and nitroglycerin enabled assessment of
bradycardia or tachycardiac responses to arterial pressure changes.
Applications of neck chamber pressure were also used to simulate baro-
reflex control. Blood pressure variability was greatest during emotional
behaviors and least during physical inactivity and sleep. The amount of
heart rate variation always correlated with the sensitivity of the baro-
receptors. The variation in heart rate enables the baroreflex mechanism
to control altered cardiac output and arterial blood pressure.

In the presence of hypertension, baroreceptor sensitivity to
increments in pressure may be reduced (Brown, 1980). A recent study by
Parati et al. (1988) documents this sensitivity. Baroreceptor control
in 10 normotensive and 10 hypertensive subjects was evaluated with 24-
hour intra-arterial ambulatory monitoring. Heart rate (pulse interval)
and systolic blood pressure sequences of three or more were recorded and
reviewed by computer analysis. A sequence consisted of three or more
beats with a progressive rise or fall in pressure and pulse interval.
For each group of 10 subjects in this study, 3-beat sequences were the
most frequent (normotensive: 600 to 700 sequences; hypertensive: 350
to 400). Sequences lasting four, five and six beats were progressively
more rare. Heart rate changes were opposite those of blood pressure.
Fewer sequences in both groups were noted at night; hypertensive subjects
demonstrated less baroreceptor sensitivity at night. The number of
sequences characterized by progressive opposite changes in systolic blood

pressure and pulse interval were greatest in normotensive subjects.
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The decreasing number of four, five and six beat sequence clearly showing
how the baroreceptors modulate spontaneous oscillations in blood pressure
and heart rate during normal daily activities. The uniqueness of the
variation in sensitivity over a 24-hour period is remarkable, with the
baroreceptors working continuously to the arterial pressure to its preset
level (Parati et al., 1988).

Baroreceptor control of heart rate and blood pressure is the
first line response in the body. Baroreceptors modulate variations in
pressure throughout the day. Other regulatory systems complement nervous
control, providing medium and long-range support of arterial blood pres-
sure. Chemoreceptors, cerebral ischemia, reabsorption of tissue fluids,
the renin-angiotensin system, and the reflexes controlling vasopressin
secretion all contribute to arterial pressure support. Changes in the
physiologic state of the individual may increase the contribution of a
control system. For instance, dehydration or hemorrhage will increase
the contribution of vasopressin to the support of arterial blood
pressure. Sodium depletion increases the contribution of the renin-
angiotensin system (Brand, Metting, & Britton, 1988).

After CABG surgery intravascular volume depletion or hemorrhage
may occur. In light of the above findings, vasopressin may potentiate
the baroreceptor control of arterial pressure. Therefore, this hormome

may reduce the degree of orthostatic hypotension with posture changes.

Chemoreceptor Control. Chemoreceptors respond once the mean
arterial pressure has dropped to 60 mm Hg or lower. Anoxia stimulates

the chemoreceptors as a consequence of inadequate local blood flow.
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Peripheral vasoconstriction is enhanced; respiratory stimulation assists

venous return (Berne & Levy, 1986).

Cerebral Ischemic Response. Cerebral ischemia develops from
inadequate cerebral blood flow, at mean arterial pressures_below
40 mm Hg. An intense nervous discharge produces severe vasoconstriction
and increased myocardial contractility. Following failure of the ische-
mic response to increase cerebral blood flow; nutritipnal depression and
cell death will occur within minutes (Memmer, 1988).

Along with reflex responses to changes in pressure, sympathetic
vasoconstriction of the venous system plays a critical role in the
maintenance of arterial pressure. The wvenoconstriction decreases the
capacity of the wvenous system, allowing blood to be shifted from the
peripheral to the central vascular compartments. Increased filling
pressure of the left ventricle occurs, with a net effect of increased

stroke work and stroke volume (Sagawa et al., 1988).

Hormonal Control

Three hormonal mechanisms aid in the control of arterial
pressure: (1) The norepinephrine-epinephrine vasoconstrictor mechanism,
(2) the renin-angiotensin vasoconstrictor mechanism, (3) the vasopressin
vasoconstrictor mechanism. Stimulation of the sympathetic nervous system
causes release of norepinephrine and epinephrine by the adrenal medulla.
They provide indirect circulatory stimulation, venoconstriction and
arteriolar constriction. Norepinephrine and epinephrine circulate in the
blood for 1 to 3 minutes, prolonging the effects of the nervous mecha-

nisms. In recent studies with atrial natriuretic factor, Ebert, Skelton,
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and Cowley, Jr. (1988) showed a 34% increase in plasma norepinephrine
levels with ANF infusions of 25 ng/kg/min. However, Roy, Ogilvie,
Larochelle, Hamet, and Leeman (1989), using infusions of 15 ng/kg/min for
hour one and 50 ng/kg/min for hour two, showed only minor increases on
plasma norep;nephrine levels. Plasma norepinephrine levels reflect
sensitivity to the amount of ANF infused.

Another hormone released in response to a decrease in arterial
pressure is Angiotensin II. Formed from angiotensin I and a converting
enzyme in response to renin release from the kidney, Angiotensin II is
a powerful vasoconstrictor. Constriction of the arterioles (and to a
lesser extent the veins) produces increased peripheral resistance and
return of the arterial pressure to normal (Ganong, 1983). Infusions of
atrial natriuretic factor have been shown to inhibit renin release (Roy
et al., 1989; Ebert et al., 1988).

A final hormone released by a drop in arterial pressure is
vasopressin. Vasopressin has a direct vasoconstrictor effect on blood
vessels, which will raise peripheral resistance and arterial pressure.
As mentioned, v;sopressin is especially effective in the presence of

sudden hemorrhage (Ganong, 1983).

Atrial Natriuretic Factor

A recently isolated amino acid peptide with cardiovascular
actions, atrial natriuretic factor (ANF) has been receiving widespread
attention. ANF is released from the cardiac atria during atrial disten-
sion and circulates in the plasma. ANF has potent diuretic and hypoten-

sive effects (Roy et al., 1989). The blood pressure lowering effect of
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atrial natriuretic factor was initially attributed to arterial vasodila-
tion, which produced a decrease in total peripheral resistance. Further
studies with animals have demonstrated a relationship between decreased
blood pressure and lowered cardiac output (Roy et al., 1989).

In one study with 10 human volunteers, direct recordings of
muscle sympathetic nerve activity were obtained during infusions of
atrial natriuretic factor. Heart rate and blood pressure remained simi-
lar to control values; plasma levels of ANF increased 10-fold. Central
venous pressure was reduced during the infusion. The ANF infusion caused
a 30% increase in sympathetic nerve activity (Ebert, 1988). The
increased efferent activity is believed to be initiated by ANF-induced
reductions in central venous pressure, which then stimulates the
baroreceptor-reflex response.

In another study by Ebert et al. (1988) 30-minute infusions of
ANF were compared to infusions of isotonic saline in eight individuals.
Hypotension occurred only with the initial bolus of ANF. Associated with
the 5% reduction in mean arterial pressure was a 12% reduction in periph-
eral resistance. Plasma norepinephrine levels were increased, with
accompanying reductions in central venous pressure and cardiac output.
As in the previous study, the reduced filling pressures are believed to
decrease afferent signals from the baroreceptors and induce reflex
increases in sympathetic outflow.

In human hemodynamic studies, ANF has reduced total peripheral
resistance, along with pulmonary wedge and right atrial pressures, in

patients with congestive failure. Atrial natriuretic factor may also
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inhibit renin, aldosterone, and vasopressin release, and induce intravas-
cular fluid shifts (Ebert et al., 1988).

To evaluate the vasodilating properties of atrial natriuretic
factor, infusions of sodium nitroprusside were compared to infusions on
ANF in eight individuals (Roy et al., 1989). The two infusions varied
widely. Atrial natriuretic factor decreased left ventricular end-
diastolic and end-systolic volumes, as did sodium nitroprusside. But
where sodium nitroprusside increased heart rate and cardiac output, ANF
decreased the cardiac output. No effect or minor changes in heart rate
developed. Diastolic blood pressure and peripheral resistance did not
decrease with ANF infusions, as they did with sodium nitroprusside.
Systolic blood pressure was reduced with high levels of ANF infusions,
and at all levels with sodium nitroprusside. The results indicate a
primary effect for atrial natriuretic factor is to decrease venous
pressure (venous vasodilation), while sodium nitroprusside causes
arterial and venous vasodilation. No evidence for arterial vasodilation
from ANF was found, as peripheral resistance and diastolic blood pressure
remained at pretrial levels.

Atrial natriuretic factor does have a direct effect on the
cardiac atria and various volume parameters. At low doses its major
effect is venous vasodilation. Arterial vasodilation has not been shown
(Roy et al., 1989). The primary stimulus for ANF release is atrial
stretch, and at the plasma concentrations achieved ANF acts primarily
on the venous bed. Blood pressure changes occur only at higher (50

ng/kg/min) rates of infusion. Continued hemodynamic studies with




39
differing populations and larger sample sizes will further the under-
standing of atrial natriuretic factor.

In summary, blood pressure regulation is a complex interaction
of complementary systems. The nervous system responds reflexively to
minute changes in arterial blood pressure. Baroreceptors sense a change
in arterial pressure as a deformation or strain vessel walls where
baroreceptors are located (carotid bodies, ‘aortic arch, right and left
atria, left ventricle, and pulmonary circulation all contain a number of
baroreceptors or stretch receptors). A reflex feedback mechanism
operates to stabilize the blood pressure and heart rate (Ziegler, 1980).
Chronic hypertension involves a resetting of the baroreceptor reflex at
an elevated pressure. Baroreceptors also ’'adapt’ to acute changes over
days, and a new constant pressure becomes the set point (Memmer, 1988).

Atrial natriuretic factor is being explored as a new regulatory
hormone in the body with cardiovascular actions. The mechanism of action
of ANF continues to be explored through animal and human hemodynamic
studies. The effect of atrial natriuretic factor on blood pressure is
a secondary effect. The primary effect of ANF with the physiologic range
is on the venous vascular bed (Roy et al., 1989).

Orthostatic responses to postural changes produce a drop in
arterial pressure and a rise in heart rate. ANF released from the
cardiac atria may reduce the expected tachycardia by augmenting vagal
afferent traffic and blunting the sympathetic outflow mediated by the
baroreflex mechanism (Ebert & Cowley, 1988).

ANF is thought to be released in response to a rise in atrial

pressure. Moving from a supine to a sitting position causes a decreased
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venous return and hence a lowered atrial pressure, suggesting ANF would
not impact on the baroreceptor reflex to maintain systolic blood pres-
sure. However, Weidmann et al. (1986) administered ANF to subjects
(N = 10) and noted a 12% fall in diastolic blood pressure independent of
body fluid levels. Hence, ANF may play a :ole in the control of dias-
tolic blood pressure and heart rate during posture changes.

In the postoperative CABG patient, fluid shifts occur as a result
of the hemodilution associated with cardiopulmonary bypass (Meretoja &
Laaksonen, 1978). ANF is associated with reductions in body fluid (i.e.,
extracellular fluid depletion). Weidmann et al. (1986) noted hemocon-
centration during an ANF infusion in human subjects, supporting the
occurrence of a reversible shift of extravascular fluid. Hence, ANF does
have a role in intravascular and extravascular fluid volume, and may
indeed play a role in fluid shifts that occur in the postoperative CABG
patient, both over the normal postoperative course and during postural
changes.

The interaction of reflex, hormonal and reflex control mechanisms
provide rapid and long-term control of arterial pressure. Atrial natri-
uretic factor is being shown to have a role in the regulation of blood
pressure and heart rate. Baroreceptor reflexes and ANF are the factors
to be most responsible for postural responses. Other long-term mecha-
nisms affect the control of fluid levels and long-term normotensive on

hypertensive baseline responses.
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Concept: Orthostatic Blood Pressure

An orthostatic blood pressure is the blood pressure taken after
the individual changes from a horizontal to an upright position (Glezer
& Moékalenko, 1972). Changes in posture allow evaluation of the func-
tional adaptive capacity of the cardiovascular system to an active change
in body position. All of the body'’s regulatory mechanisms strive to
maintain adequate cerebral perfusion and to prevent the gravitational
effects of excessive poeling of blood in the periphery (Schatz, 1980).

Upon becoming upright (sitting or standing), the initial
hemodynamic changes are a decrease in systolic blood pressure, no change
or slight increase in diastolic blood pressure, and a rise in heart rate
(Schatz, 1984). Mean arterial pressure remains constant, Cardiac output
and circulating blood volume (relative, not absolute) decrease. Periph-
eral vascular resistance, renal vascular resistance, and hematocrit
values increase (Glezer & Moskalenko, 1972).

Hemodynamic changes occur within seconds of a position change.
The maximum orthostatic response occurs at two minutes after position
change. Orthostatic changes are greatest in moving from the supine to
the standing position (Kennedy & Crawford, 1984).

The baroreceptors are the initiating link in a negative feedback
loop which operates instantaneously to return the blood pressure to its
preset level. As reviewed earlier, reflex arteriolar and venous con-
striction are the most important homeostatic adjustments (Schatz, 1984).
Tachycardia accompanies the constrictive action, all working to increase

cardiac output and arterial blood pressure. Augmented respiration,
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increased striated muscle tone and tissue pressure in the legs also act
to increase venous return (Schatz, 1984).

Failure of the regulatory mechanisms to respond to the initial
hemodynamic changes results in orthostatic hypotension. Orthostatic
hypotension is defined as a decrease in systolic blood pressure, upon
moving from a recumbent to an upright position, of 20 mm Hg or more
(Aronow, Lee, Sales, & Etienne, 1988). Others defined orthostatic hypo-
tension as a systolic drop of 25 mm Hg and a 10 mm Hg diastolic drop
(Schatz, 1984); a systolic blood pressure decrease of ‘up to 25 mm Hg'
and no change or an increase in diastolic pressure (Thomas et al., 1981);
a 20 to 30 mm Hg drop in systolic pressure or a 10 mm Hg drop in dia-
stolic blood pressure (Susman, 1988).

Symptoms associated with orthostatic hypotension are inconsis-
tent. Syncope upon arising from a recumbent position suggests ortho-
static hypotension as the precipitating cause (Ziegler, 1980). Syncope
indicates a transient reduction in organ perfusion, particularly cerebral
perfusion. The syncope is short-lived, and followed by complete restora-
tion of normal mental alertness (Von Planta, Weil, & Rackow, 1986).

In studies using tilt tables (Shvartz & Meyerstein, 1970) and
postural changes (Ward, Danziger, Bonica, Allen, & Tolas, 1966) to assess
the circulatory response to gravity, fainting has occurred among a
minority of subjects. No one cause could be delineated, although Ward
et al. (1966) showed a decrease in mean arterial pressure in each subject
who experienced fainting.

Other symptoms that may occur in the presence of orthostatic

hypotension are dizziness, lightheadedness, blurring or loss of vision,
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profound weakness, or unsteadiness (Thomas et al., 1981). Symptoms may
relate to the cause of the orthostatic hypotension. When orthostatic
hypotension results from neurogenic causes, complaints of bowel and
bladder incontinence, and impaired potency and libido may be noted
(Schatz, 1980). 1In the instance of a cerebral lesion, the location of
the pathology will indicate the degree of autonomic mnervous system
involvement. Spinal cord lesions, brain tumors, cerebrovascular disease
and Wernicke's disease (a hemorrhagic polioencephalitis) are examples of
central lesions (Susman, 1988). Associated autonomic symptoms include
impaired taste and lacrimation, diminished pain and temperature sensa-
tion, and gastrointestinal tract disturbances (Schatz, 1984).

Any lesion of afferent or efferent pathways may interfere with
the baroreceptor feedback-loop. Chronic alcoholism and diabetes mellitus
are examples of diseases which cause autonomic neuropathies and ortho-
static hypotension. Twenty-three percent of patients with diabetes
mellitus have sufficient dysfunction of afferent pathways to interfere
with the baroreceptor reflex (Schatz, 1984).

Primary orthostatic hypotension has defied attempts to locate a
cause. Symptoms appear insidiously over a period of years, and affect
men four times as often as women. Lightheadedness may be the initial
complaint, but the disease progresses to severe autonomic dysfunction
and possible death (Thomas et al., 198l).

When no cause can be found in the hypotension (Idiopathic
orthostatic hypotension) and the patient experiences neurologic mani-

festations, the combination is referred to as Shy-Drager syndrome. Shy
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and Drager were the first to suggest a primary degeneration of the
nervous system as a possible cause (Thomas et al., 1981).

Numerous reversible causes may produce orthostatic hypotension.
Treatment of the underlying cause will relieve the hypotension. Individ-
uals with inadequate homeostatic mechanisms will develop orthostatic
hypotension. Examples include prolonged bedrest, space flight, preg-
nancy, and postgastrectomy (Schatz, 1984).

Situations which reduce the effective circulating volume and
thereby reduce cardiac output may produce orthostatic hypotension.
Hemorrhage, dehydration, burns, diabetes insipidus, large varicose veins,
and hemodialysis all reduce left ventricular filling pressure. A pro-
nounced orthostatic tachycardia may occur via a compensatory increase in
sympathetic activity (Susman, 1988). The degree of orthostasis will
depend on the chronicity of the condition, the amount of blood loss, and
the effectiveness of intrinsic mechanisms (Schatz, 1980).

Pharmacologic causes of orthostatic hypotension are numerous.
Any agent that interferes with peripheral sympathetic or catecholamine
activity or that reduces blood volume must be considered. Antihyperten-
sives, phenothiazines, antidepressants, nitrates, marcotics, sedatives,
and calcium channel blockers may be responsible for producing orthostatic
hypotension. Aleohol and insulin have also been implicated (Schatz,
1984).

Medications cause OH by altering sympathetic outflow, deplet}ng
or inhibiting released norepinephrine stores (antihypertensives), or pro-
ducing hypovolemia (Qasodilétors, diuretics). The mechanism of action

for antidepressants and narcotics is unclear (Susman, 1988). 1In rats,
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morphine has been shown to increase the plasma concentration of ANF, and
therefore may impact OH (Gutkowska et al., 1986).

Individuals who have experienced a myocardial infarction
experience altered or reduced myocardial contractility. Their clinical
situation may be markedly different from the individual wundergoing
coronary artery bypass graft surgery. Research has been completed which
evaluates baroreflex control after a myocardial infarction. A brief
review follows.

In Italy, researchers (Schwartz et al., 1988) compared baroreflex
sensitivity in 32 postinfarction patients and 21 control subjects. Baro-
reflex sensitivity was assessed by increasing the mean blood pressure
with iatrogenic administration of an epinephrine infusion and recording
the consequent R-R interval changes. Measurements were taken at 18 days,
3 months and 13 months postinfarction. Baroreflex sensitivity was
significantly higher at 3 months than at 18 days and in control sensi-
tivities. By 13 months the baroreflex response was 52% greater. Thus
baroreflex sensitivity is depressed in the early postinfarction period
and gradually improves over time. The mechanism for the reduced sensi-
tivity is unclear, but may be related to altered function of vagal and
sympathetic afferent fibers. Increased sympathetic firing impairs the
baroreceptor reflex. Depressed baroreflex sensitivity is associated with
increased mortality in postinfarction patients (Schwartz et al., 1988).

Imaizumi and colleagues (1984) examined R-R intervals after
phenylephrine infusion in 11 postinfarction patients. The initial heart

rate response to catecholamines was abnormally low, with improvement
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noted by Day 41. The study was not continued for a longer time period
and a comparison control group was not used.

Kirby (1977) tested cardiovascular reflexes after myocardial in-
farction by having patients perform a Qalsalva maneuver, and recording
subéequent vital signs. All patients (22) showed a 20% to 40% reduction
in pulse pressure, but only two demonstrated a compensatory increase in
diastolic pressure. Also, 72% were unable to elevate their heart rate.
The majority of postinfarction patients were unable to produce a reflex
vasoconstriction, implying impairment of the baroreceptor reflex. Kirby
suggested that some impairment of sympathetic nervous system function
may be present, and that caution is advised in making postural changes.

Patients with congestive heart failure, exhibit an abnormal
baroreflex sensitivity (Ellenbogen, Mohanty, Szentpetery, & Thames,
1989). After cardiac transplantation in this group, baroreflex sen-
sitivity returned to normal within 2 weeks, indicating a neurohumoral
rather than a structural abnormality.

Elderly people are at risk for orthostatic hypotension because
of slowed postural reflex responses. Loss of arteriolar elasticity,
decreased venous return, abnormalities in volume regulation and impaired
cerebral autoregulation have also been implicated as predisposing condi-
tions in the elderly (Susman, 1988). Aronow et al. (1988) examined 376
patients in a long-term health care facility. Eight percent experienced
postural hypotension in moving from a recumbent to a sitting or standing
position. Seventy-five percent of those with postural hypotension (sys-
tolic BP drop greater than 20 mm Hg; diastolic BP drop above 10 mm Hg)

presented one or more etiologic factors.
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Early research on postural hemodynamic changes used tilt tables
to simulate degrees of posture change (Tuckman & Shillingford, 1966).
This British study showed that cardiac output reaches 1ts maximum level
at 20 degrees of tilt. Heart rate and diastolic pressures increased at
45 and 60 degrees of tilt (compensatory). Systolic pressure changed
little. Shvartz and Meyerstein (1970) employed tilt tables to assess
circulatory responses in 18 young adults. They demonstrated a similar
orthostatic response pattern in men and women, although the women showed
a higher resting heart rate and lower systolic and diastolic blood
pressures. Recently, Hoeldtke, Cavanaugh, and Hughes (1988) employed
drug therapy (vasoconstrictors) and long-term conditioning with a tilc
table to reverse worsening syncope in a patient with chronic orthostatic
hypotension. The tilt table allowed the baroreceptors to reset again to
an upright posture.

Variations in posture and the accompanying hemodynamic adjust-
ments have been explored for some time. A classic paper by Rushmer
(1959) summarizes the initial work of several investigators. In Russia,
Glezer and Moskalenko (1972) confirﬁed the hemodynamic changes in 26 men
and women: a drop in systolic blood pressure, a rise in diastolic pres-
sure, peripheral vascular resistance, and heart rate. An increase in
hematocrit was also noted. A drop in circulating blood volume, cardiac
index and stroke index were confirmed.

The National Aeronautics and Space Administration (NASA) has been
exploring the hemodynamics of orthostasis to learn more of the cardiovas-
cular effects of weightlessness. The study of Ward et al. (1966) with

male and female subjects confirmed earlier studies. Readings were
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continuous, using a Lead II electrocardiogram and arterial and venous
pressure transducers, for 5 minutes in each position. Standing (from a
supine position) decreased cardiac output 27%, stroke volume 45%. Heart
rate and total peripheral resistance increased. An increase in mean
arterial pressure was noted with standing, not with sitting. Four
subjects fainted. In each of the four, the mean arterial pressure
decreased. The authors attributed the increase in mean arterial pressure
to -the muscular effort of standing, as opposed to the use of a tilt
table.

Ward et al. (1966) noted that postural changes from supine to
sitting were half that of moving from supine to standing. Kennedy and
Crawford (1984) found significant differences in systolic blood pressure
with standing, not with sitting. Diastolic blood pressure increased
significantly in both positions. Other authors (Lance & Spodick, 1977;
Tuckman & Shillingford, 1966) measured other parameters (heart rate,
cardiac output, stroke volume) but found a similar progressive increase
in the change in readings from supine to sitting vs. supine to standing.
Glezer and Moskalenko (1972) did not differentiate the "upright"
positions used.

Kennedy and Crawford (1984) used nitrate administration to
potentiate orthostatic changes and determine the time course of blood
pressure and heart rate responses. Their study showed that systolic
blood pressure decreased significantly at 0.5 minutes (after a postural
change) and two minutes, then returned to baseline at 5 minutes. Dia-
stolic blood pressure increa;ed significantly at 0.5 minutes and remained

elevated for 5 minutes.




49

In summary, & drop in systolic blood pressure is a mnormal
hemodynamic response to the effect of gravity. The decrease in pressure
decreases impulses to the baroreceptors and stimulates reflex wvasocon-
striction (arterial and venous) and ~an increase in the sympathetic
nervous discharge.

Failure of the systolic blood pressure to begin to rise (i.e.,
in effect, a decrease greater than 15 mm Hg) indicates some primary or
secondary disruption in the orthostatic response. Orthostatic hypoten-
sion results, and may be accompanied by a variety of symptoms, the most
common being syncope, dizziness, or extreme weakness (Schatz, 1984).
Clinical evaluation is critical in the identification and treatment of
potentially reversible causes (Thomas et al., 1981).

In this study of orthostatic responses after coronary artery
bypass graft surgery, supine to sitting and supine to standing posture
changes were made. Baseline supine blood pressure and heart rate
responses were established prior to each position change. The subject

was asked to relate symptoms occurring during the procedure.

Concept: Orthostatic Heart Rate

The orthostatic heart rate is the heart rate of an individual
who has moved from a recumbent to an upright position, either sitting or
standing. A normal response to standing is an increase in heart rate of
5 to 25 beats per minute (Schatz, 1984). Heart rate changes begin within
two seconds and peak by 2 minutes (Ziegler, 1980). Diminished barorecep-
tor stimulations occurs with standing as the blood pressure drops. A

reflex increase in sympathetic activity 1is the response, producing
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tachycardia and peripheral vasoconstriction. Impulses from vagal cardiac
fibers are reduced, also allowing the heart rate to rise. Reduced
filling of the lungs intensifies the sympathetic response and aids in
raising the heart rate (Glezer & Moskalenko, 1972).

Vasoconstrictor hormones act to excite the heart and thereby
raise the heart rate. Norepinephrine and epinephrine circulate through-
out the body and produce similar effects as direct sympathetic stimula-
tion (tachycardia, vasoconstriction). Both hormones increase the force
and rate of contraction of the heart. Myocardial excitability, causing
possible ectopic beats, will be enhanced (Susman, 1988).

Cardiovascular changes that occur with postural changes are half
as strong in moving from supine to sitting as from supine to standing
(Ward et al., 1966). The heart rate response coincides with the above
expectation. Ward et al. (1966) reported a 19% increase in heart rate
from supine to sitting, a 36% increase from supine to standing. Shvartz
and Meyerstein (1970), and Moore and Newton (1986) showed similar changes
in heart rate although specific percentages were not given.

The acceleration of heart rate during postural changes is
hypothesized to offset the decrease in cardiac output upon rising. The
result of the elevated heart rate and the increased intravascular pres-
sure is increased venous and arterial tone to the lower extremities
(Glezer & Moskalenko, 1972). The increased tone aids in the redistribu-
tion of blood volume and stabilization of cardiac output after a 23% drop
(Tuckman & Shillingford, 1966).

When postural changés produce an abnormal hemodynamic response,

the heart rate response is one means of determining the cause of the
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orthostatic hypotension. Patients with ’'sympathicotonic’ orthostatic
hypotension experience an excessive tachycardia upon rising. The
hypotension is believed to be due to secondary causes such as drug use,
volume depletion or deconditioning (Susman, 1988). The terms ’‘excessive’
or 'pronounced’ tachycardia are not defined. Autonomic function remain
intact (symptoms such as impotenge and sphincter disturbances are not
present). Pallor and sweating may be present, reflecting a compensatory
increase in sympathetic drive (Schatz, 1984).

Individuals with neurogenic disease resulting in orthostatic
hypotension, known as sympathicotonic, do not have a compensatory rise
in heart rate upon standing. Absence of a change in heart rate may
indicate a lesion of the afferent limb of the baroreceptor reflex arc
(Thomas et al., 1981).

Goldstein, Beiser, Stampfer, and Epstein (1975) showed that indi-
viduals with cardiac disorders have an abnormal parasympathetic nervous
control of heart rate. A tilt table was used to move the subjects from
supine to 80° tilt. The heart rate in control individuals (no cardiac
disease) rose an average of 25 beats per minute. Individuals with Func-
tional Class I or II (little or no limitation in physical activity) car-
diac status increased their heart rate 12 beats per minute with an 80°
tilt. Class III individuals, with marked cardiac symptoms and comfort
only at rest, raised their heart rate only seven beats per minute. The
elevation in heart rate was inversely proportional to the extent of
functional impairment.

Thus cardiac dysfunction is associated with a marked impairment

of autonomically-mediated control of heart rate. The normal acceleration
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of heart rate in response to stress or hypotension does not occur. Para-
sympathetic and sympathetic controls have both been implicated as im-
paired. The result, a reduction in cardiac reserve, eliminates an
important compensatory mechanism in augmenting cardiac output (Goldstein
et al., 1975).

In summary, the heart rate response to postural changes should
reflect baroreceptor control of blood pressure responses. Excessive
tachycardia indicates other impinging causes which exacerbate the ortho-
stasis. No rise or a decrease in heart rate may indicate a chronic
neurogenic abnormality. This study will examine the heart rate response
to posture changes before and after CABG surgery.

Concept: Orthostatic Blood Pressure after
Coronary Artery Bypass Graft Surgery

In the United States, approximately 150,000 coronary artery
bypass graft operations are performed each year (Streisand & Woﬁg, 1988).
The operation involves myocardial revascularization by means of vein
grafts or an internal mammary artery grafts to bypass a blockage in a
cordhary artery. The goal of cardiac surgery is relief of angina
pectoris and prevention of myocardial infarction by improvement of the
myocardial oxygen supply (Lazan, Wilcox, McCormick, & Roberts, 1987).

One of the goals for administering anesthesia to the patient
undergoing coronary artery bypass graft surgery is to protect the myo-
cardium during and after surgery by maintaining a balance between oxygen
supply and demand. The stress of surgery may precipitate a sympathetic

response with alternations ir oxygen demand. A strong correlation has

been found between intraoperative tachycardia and myocardial ischemia
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leading to postoperative morbidity (i.e., myocardial infarction). The
tachycardia allows less time for diastolic filling and reduces the flow
of oxygenated blood to the coronary arteries (Streisand & Wong, 1988).

Cardiopulmonary bypass, used for all patients undergoing CABG
surgery, produces major physiological changes in the patient. Hemo-
dilution occurs secondary to the addition of a priming solution. Dilut-
ing the patient’s blood decreases blood viscosity, lowers pulmonary and
peripheral resistance, decreases hemolysis, promotes diuresis, and
reduces the need for blood (Weiland & Walker, 1986). Major postoperative
effects of cardiopulmonary bypass include hemolysis, heparin rebound,
disturbances in arterial blood gases, neurologic sequelae, third space
fluid shifts, hemodilution and temperature fluctuations (Karanko, 1987).

The accumulation of fluid in the immediate postoperative period
may lead to the use of diuretics to restore fluid volume to normal
levels. However, normal homeostatic mechanisms lead to diuresis and re-
establishment of normal body fluid volumes and serum electrolyte concen-
centrations within 48 to 72 hours after surgery. Streisand and Wong
(1988) stated that diuretics may lead to hemodymamic instability during
the first postoperative week.

Primary causes of postoperative hypotension are lowered cardiac
output, hypovolemia (secondary to hemorrhage or inadequate preload), or
intraoperative hypoxic arrest (Weiland & Walker, 1986). Treatment of
hypotension is aimed at identifying and treating the primary cause.

Information on orthostatic hypotension after coronary artery
bypass graft surgery could not be found. Clearly any of the above condi-

tions could produce a postoperative orthostatic hypotension. Memmer
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(1988) summarized the pathophysiology acute orthostatic hypotension and
the suggests nursing implications. She described four precursors to
orthostatic hypotension after any surgical procedure. The four are:
hypovolemia, hypokalemia, perioperative drugs, and anesthesia. Each of
these may indeed be a factor for the postoperative coronary artery bypass -
graft patient. Anesthesia produce dose-dependent hypotension by depres-
sing the vasomotor center in the medulla, by depression of sympathetic
nervous system activity, and by myocardial depression. Anesthetics are
largely eliminated from the body within 1 hour after discontinuation,
with the remainder eliminated over several (6 to 12) hours or days
(Memmer, 1988). Increased levels of ANF have. been shown in patients
receiving fentanyl anesthesia (Gutkowska et al., 1986).

In the CABG patient the effects of amesthetic agents may not be
'reversed,’' as they sometimes are in other patients, and may require
several hours or days to leave the body. Mechanical wventilation
maintains oxygenation until hemodynamic stability is achieved and the
patient may sustain adequate spontaneous ventilation (Streisand & Wong,
1988). The prolonged presence of anesthetic agents may deepen OH, and
the mechanical ventilation required until the patient can safely breathe
on his own will prolong immobility, a factor in orthostatic hypotension.

Hypokalemia occurs in the postoperative coronary artery bypass
graft patient because of potassium shifts to the extracellular space dur-
ing bypass and urinary loss of potassium (Weiland & Walker, 1986).
Memmer (1988) stated that hypokalemia may cause orthostatic hypotension.
However, no other source c.ould be found to validate this statement.

Brown (1980) discussed baroreceptor response to increases in
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extracellular potassium ion concentration. Brown states that increases
in potassium reduce the baroreceptor threshold. Also, he attributed
local changes in ionic concentrations to myocardial ischemia.

In summary, a variety of primary and secondary etiologies may be
responsible for orthostatic hypotension (Schatz, 1984). After coronary
artery bypass graft surgery, secondary causes such as hypovolenmia,
anesthesia, medical therapy (diuretics, tranquilizers, narcotics), and
immobility may lead to orthostatic hypotension. The postoperative
coronary artery bypass graft population have not been studied with
relationship to orthostasis. The present study examined orthostatic

responses after coronary artery bypass graft surgery.

Concept; Orthostatic Heart Rate after
Coronary Artery Bypass Graft Surgery

Arrhythmias are common after cardiac surgical procedures. Trauma
during surgery may occur: to the sinocatrial node, atrioventricular node,
intra-atrial or intraventricular conduction pathways. Bradycardic or
tachycardiac arrhythmias, heart block, and bundle branch blocks may
occur. Electrolyte imbalances may produce tachycardia, atrial arrhyth-
mias, or even asystole (Horvath, 1984).

Causes of atrial tachycardia after cardiac surgery include fever,
hypovolemia, hypotension, pain and anxiety. The heart rate usually
accelerates to maintain one’s cardiac output. Extremely high heart rates
will decrease ventricular filling time and may actually reduce cardiac
output (Horvath, 1984).

Bedrest may also cause an elevation in pulse rate. 1In response

to a minimum workload, the pulse elevates. Gradual exercise as soon as
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possible will minimize untoward side effects (Guzzetta & Dossey, 1984).
Beland and ?assos (1986) suggested exercises in bed which have been shown
to decrease the signs and symptoms of orthostatic hypotension. Activity
which decreases postoperative immobility (secondary cause of OH) may
reduce the incidence of dH.

Sinus tachycardia (heart rate at 100 to 160 bpm) occurs in
response to a decreased vagal tone, increased sympathetic tone, or both.
An increased heart rate lowers the diastolic filling time and may
decrease oxygenation of the coronary arteries (Guzzetta & Dossey, 1984).

A normal orthostatic response to posture changes includes an
increase in heart rate of 5 to 25 bpm. The heart rate response is a
reflex nervous response initiated by the baroreceptors. Increased sym-
pathetic activity and inhibition of parasympathetic activity produce the
acceleration of heart rate (Thomas et al., 1981).

In the presence of orthostatic hypotension due to <volume
depletion, with normal autonomic function, moving from a supine to a
standing position induces a pronounced tachycardia. A compensatory
increase in sympathetic activity is implicated as the causative factor
(Thomas et al., 1981).

After coronary artery bypass graft surgery, the heart rate may
be elevated at rest or the individual may experience a variety of arryth-
mias. Movement of the individual from a supine to a standing position
will elicit an acceleration of heart rate. Individuals with an elevated
heart rate at rest, underlying cardiac dysfunction, and alterations in

fluid status, may not tolerate the reduced diastolic filling time.
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Complete augmentation of cardiac output may or may not occur (Horvath,
1984).

Individuals undergoing coronary artery bypass graft surgery may
.have limitations in 1lifestyle due to left ventricular dysfunction or
chronic angina pectoris. Surgery will improve left ventricular function
in patients with myocardial ischemia who have not -yet experienced a
myocardial infarction (Meretoja & Laaksonen, 1978). Goldstein and
colleagues (1975) demonstrated that individuals with cardiac dysfunction
will have an attenuation of the heart rate in response to moving to a
tilt position of 80 degrees.

In summary, orthostatic heart rate responses after cardiac
surgery vary with the amount of cardiac dysfunction present. Various
secondary causes of orthostatic hypotension (hypovolemia, diuretics,
medical therapy, immobility) will also impinge on the heart rate
response. Understanding the underlying processes allows the practitioner

to plan effective treatment and meet the needs of each individual.

Concept: Intravascular Volume

Body fluids are contained in intracellular or extracellular fluid
compartments. Intracellular fluid is found within all cells of the body,
and accounts for 60% of the total body’'s fluid. The remainder consti-
tutes extracellular fluid. Interstitial fluid, plasma, cerebrospinal
fluid, intraocular fluid, fluids of the gastrointestinal tract, and
fluids of potential spaces comprise the extracellular fluid volume

(Karanko, 1988).
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Blood contains both extracellular fluid (the fluid of the plasma)
and intracellular fluid (the fluid within cells). Plasma communicates
directly with the interstitial fluid through the pores in capillaries.
Movement of f£fluid from the plasma to the interstitial fluid is controlled
by colloid osmotic pressure. Colloid particles are large protein
molecules in the plasma which pull fluid into the vascular compartment
via a pressure gradient. ‘Interstitial fluid has a low content of protein
anions as compared to plasma or intracellular fluid (Messmer, 1988).

Plasma volume has been measured by using dyes that bind to plasma
protein. Another method is to inject serum albumin 1labeled with
radioactive iodine. The average value for plasma volume is 3000 ml to
3500 ml1 (Reid et al., 1968).

The hematocrit is the percentage of red blood cells in the blood,
and the blood viscosity is determined by hematocrit. In large vessels,
increases in hematocrit increase the viscosity. However, in smaller
vessels less than 100 mm in diameter, i.e., arterioles, capillaries, and
venules, the change in viscosity is less with each change in hematocrit
(Messmer, 1988).

Movement of fluid to and from plasma volume is dependent on the
amount of colloid particles in plasma (Lamke & Liljedahl, 1976). Control
of blood volume, in conjunction with control of all extracellular fluid
volume, cardiac output, arterial pressure and urine output, operates from
a single basic feedback mechanism. An increase in blood volume produces
an increase in cardiac output and arterial pressure. The net result is
increased urine output and a loss of volume from the body, returning the

blood volume to normal. A decrease in blood volume produces a decrease
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in cardiac output and arterial pressure. The kidneys respond by
retaining fluid and slowly returning blood wvolume to normal (Schatz,
1980).

The mechanism of blood volume control requires hours or days to
produce the desired effect. Volume receptors, or stretch receptors, are
located in the walls of the right and left atria. Increased volume
produces increased stretch of the atria and increased transmissions of
nerve signals are transmitted to the brain. The nervous system responds
by reducing sympathetic nervous input to the kidneys, thereby increasing
urinary output. Also secretion of ADH is reduced, allowing increased
output by the kidneys. Finally, peripheral arterioles dilate, allowing
fluid to pass from the blood to the interstitial spaces. The net result
is a reduction in blood volume (Thomas et al., 1981).

To combat a lowered blood pressure, responses are reversed,
Increased sympathetic impulses decrease urine output, ADH secretion is
increased, and peripheral arterioles constrict. Increased blood volume
is the net effect (Schatz, 1984). Reduced or elevated arterial pressures
help return the blood volume to normal. Baroreceptors add to the effect
of the volume receptors (Thomas et al., 1981).

During general surgery (major abdominal) a plasma volume deficit
of 24% occurs (Hoye, Bennett, Geelhoed, & Gorschboth, 1972). Hoye et al.
believed the deficit to be proportional to the magnitude of surgical
trauma, relating it directly to the extracellular fluid volume at the
start of the operation and to the amount of protein in the intravascular
space at the close of the operation. During surgery, a reduced amount

of albumin is returned to the thoracic duct lymph.
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Hemodilution during cardiac surgery is an expected consequence
of cardiopulmonary bypass, enabling conservation of blood and enhanced
tissue perfusion during hypothermia. Decreased arteriolar tone and
lowered.~blood.'viscosity postoperatively are reflected in a reduced
systemic vascular resistance (SVR). The net postoperative effect is an
enhanced venous return (Urzua et al., 1985).

Hematocrit is normally used to define the degree of hemodilution.
Preoperative hemodilution may lower the hematocrit to 30% to 25%, to
achieve an optimal compromise between fluidity and oxygen content of the
blood (Messmer, 1988). After moderate hemodilution during cardiac sur-
gery, the hematocrit declined from 43% to 33%. The level of hemodilution
provided predilutional levels of tissue oxygenation (Niinikoski et al.,
1981). |

Extracellular £fluid wvolume encompasses plasma volume and
interstitial fluid; one-third of the total body water is extracellular
(two-thirds intracellular) (Karanko, 1987). The volume of the extracel-
lular fluid (ECF) is largely controlled by the amount of solute in the
ECF. Sodium is the most abundant cation in the extracellular fluid.
Loss of sodium in stool, urine or sweat can markedly decrease ECF volume.
Dehydration causes a moderate decrease in ECF volume, because water is
lost from both intracellular and extracellular fluid compartments
(Karanko, 1987).

Extracellular fluid volume is also under the influence of
osmoreceptors in the hypothalamus. Osmoreceptors are sensitive to
changes in the osmotic préssure of the plasma. Excitation of the

osmoreceptors stimulates the release of vasopressin, also known as ADH.
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When the effective osmotic pressure of the plasma is increased above
normal, vasopressin is released. A decrease in effective osmotic
pressure inhibits vasopressin. A reduction in vasopressin lowers the
permeability of the collecting tubules of the kidney to water, urea, and
other solutes. The net effect is to defend the osmolality of the plasma
(Hashemzadeh-Gargari et al., 1988).

Vasopressin also shows a direct inverse relationship with the
rate of discharge of afferents from stretch receptors. Low pressure
stretch receptors are found in the great wveins, right and left atria,
and pulmonary vessels. Decreases in ECF volume (and blood volume)
increase vasopressin secretion without causing changes in arterial
pressure (Thomas et al., 1981).

Hemorrhage 1is a potent stimulus for vasopressin secretion.
Greater amounts of vasopressin are released during hemorrhage than with
hyperosmolar conditions. Hypovolemia will also increase vasopressin
secretion. Finally, vasopressin secretion is increased upon rising from
the recumbent to the upright position, as blood pools in the lower
extremities.

Angiotensin II, a potent vasoconstrictor, acts by stimulating
aldosterone and vasopressin secretion, and by stimulating the thirst
mechanism. Increased formation of angiotensin II is part of the homeo-
static mechanism that operates to maintain extracellular fluid volume
(Ziegler, 1980).

Postural changes result in the redistribution of body fluid
volumes. Three hundred to 560 ml of blood pools in the venous capitance

vessels of the lower extremities as the individual moves from a supine
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to an erect posture. Capillary pressures become greater than plasma
oncotic pressure, thereby increasing the rate of capillary pressure into
the interstitial space, reducing plasma volume and expanding the size of
arms and legs (Hagan, Diaz, & Horvath, 1978).

Astronauts experience enhanced postural hypotension as they
lengthen their stay in space. Oral fluid loading before reentry and
after landing, along with inflation of a mast suit, are used routinely
to ameliorate reentry and postlanding hypotension (Greenleaf et al.,
1988). The hypotension is caused by a decreased venous return in upright
positions. A plasma volume decrease greater than 2 to 3% of the body
weight will reduce orthostatic tolerance (Lance & Spodick, 1977;
Greenleaf et al., 1988).

Hagan et al. (1978) measured hematocrit, hemoglobin, and plasma
proteins during movement from supine to standing positions to evaluate
plasma volume changes in seven male subjects. Assuming the erect posture
p;oduced a significant hemoconcentration, as evidenced by increases in
hematocrit (10.3%), hemoglobin (10.8%), and plasma proteins (20.8%).
Actual measurements of blood and plasma volume decreased 16.2%. Thirty-
five minutes were required for the plasma volume to reach stability. Red
cell volume, mean corpuscular hemoglobin concentration (MCHGC), and plasma
osmolality remained constant during posture changes (Hagan et al., 1978).

Recent studies from NASA employ mass density measurements for
continuous monitoring of actual changes in blood volume (plasma density
and blood density). The measurements confirm a decrease in blood volume

(6% after 20 minutes of standing) that has been noted in numerous other
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studies (Hinghofer-Szalkay & Greenleaf, 1987). Actual continuous blood
volume measurements provide definitive data.

In another study supported by NASA, Hinghofer-Szalkay and Moser
(1986) compared mass density readings to a variety of posture changes
utilizing the tilt table and rapid changes in the degree of tilt. The
authors were able to demonstrate a net decline of plasma protein concen-
tration during upright tilting, in addition to the hemoconcentration
shown in previous studies. Plasma volume loss in the upright posture was
again corroborated, with the greatest loss being 18% after 2 hours of
upright posture (tilt angle from -12° te +90° head-up tilt). When greater
than 20% of the initial steady state of plasma volume is lost, problems
in regulation begin to occur.

In summary, postural changes from supine to standing have
consistently shown reductions in plasma volume. One study shows a
decline in plasma protein concentration (Hinghofer-Szalkay & Moser,
1986), others attribute the volume loss to a shift of fluid from the
intravascular to the interstitial fluid compartment (Lance & Spodick,
1977). A decrease in volume greater than 2% to 3% of body weight affects
the orthostatic regulatory mechanisms.

In this study pre- and postoperative orthostatic blood pressure
and heart rate were measured. One of the determinants of the post-
operative responses may be the volume changes and f£luid shifts that occur
before, during, and after CABG surgery (Urzua et al., 1985). Accurate
measurements of intravascular volume are difficult from a nursing stand-

point. This study did not attempt to measure intravascular volume.
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Volume status was considered as one factor impacting the postoperative

orthostatic blood pressure and heart rate responses.

Concept: Postoperative Intravascular Volume

Cardiopulmonary bypass, used in the perioperative period of all
coronary artery bypass graft surgery, produces a hemodilution as fluid
is added to the extracorporeal system to oxygenate and pump the blood
(Boldt, Bormann, Kling, Scheld, & Hemplemann; 1988). Hemodilution of the
patient'é blood reduces hemoglobin and hematocrit values as the oxygen-
carrying capacity of the blood is reduced. Blood viscosity, peripheral
resistance, and hemolysis also decrease, while diuresis is promoted. A
reduction in plasma protein concentration shifts fluid to the extravas-
cular compartment (from intravascular to interstitial space) (Weiland &
Walker, 1986).

In the immediate postoperative period, an inadequate circulating
blood volume may induce hypotension. The patient may have a positive
fluid balance of 2 to 5 liters (or more). However, the excess fluid does
not contribute to the intravascular volume (Hoye et al., 1972). Hypovo-
lemia may also result from overly aggressive diuretic therapy, vomiting,
cardiac arrest, diaphoresis or limited fluid intake (Watson, 1987).
Hypovelemia is a precursor to hypotension.

Homeostasis is maintained in the immediate postoperative peried
with a cardiac output of 4 to 8 liters per minute and a mean arterial
pressure of 50 to 60 mm Hg. A blood loss of 20% (1,000 ml) may cause
mild shock; severe shock occurs when 50% of the patient’s circulating

blood volume is lost (Guzzetta & Dossey, 1984). Chan (1988) wusec
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transesophageal echocardiography to show causes of severe hypotension in
the immediate postoperative period. Six of seven individuals experienced
low cardiac output, three because of cardiac tamponade, one with
ventricular septal rupture, two with severe myocardial dysfunction.

For individuals without severe sequelae, cardiopulmonary bypass
will produce fluid shifts but hemodynamic stability will remain.
Streisand and Woné (1988) stated that normal homeostatic mechanisms will
lead to diuresis and the re-establishment of normal body fluid volumes
within 48 to 72 hours after CABG surgery. The diuresis is the result of

a fluid shift from the interstitial to the intravascular compartment.

" Diuretics may be administered to hasten the diuresis.

Fluids shifts are reflected on a daily basis in the patient’s
weight and electrolyte status. As fluid shifts to the vascular compart-
ment, the kidneys excrete large volumes of urine to avoid circulatory
overload. Plasma sodium and potassium levels may drop precipitously and
must be monitored closely to prevent complications. Weiland and Walker
(1986) stated that physical examination, body weight, and chest x-ray
films are the most useful tools for assessing total body fluid.

Intake and output recordings have been the norm for assessing a
patient’s fluid status. Often, however, fluids are not recorded, or an
output missed. A more accurate method for assessment of fluid status is
the use of daily weights. Rapid increases or decreases in weight over
a 24-hour period indicate fluid gain or loss. Weights are to be per-
formed with the same scale at the same time each day. Clothing amount
must remain the same. An accurate weight will reflect an accurate

estimation of the subject's fluid status (Zorb, 1988).
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During cardiac surgery hematocrit and hemoglobin levels are
followed to assess for hemodilution, blood loss, and oxygen capacity.
In the absen;e of bleeding or transfusions, the hematocrit is indicative
of fluid status. An increase in the hematocrit suggests dehydration; a
decrease in hematocrit suggests over-hydration (Zorb, 1988). This study
will note hematocrit values 48-72 hours postoperative, after incisional
bleeding has stopped. Blood transfusion, colloid a crystalloid trans-
fusions may be given to replace intravascular volume. Monitoring the
patient’s hematocrit will enable replacement of fluids and maintenance
of tissue oxygenation (Messmer, 1988).

In summary, fluid shifts are common during and after cardiac
surgery. The individual may have excess total body fluid but inadequate
circulating blood volume. Volume depletion has been noted as a causative
agent in the occurrence of orthostatic hypotension (Schatz, 1984).
Accurate weights provide assessment of the individual’s total body fluid
status; hematocrit values more closely reflect plasma volume. Actual
measurements of fluid volume in various chamber is the most accurate
means of assessing volume status in the postoperative cardiac surgery

patient.

Summary

Blood pressure regulation is a complex proéess employing many
interdependent mechanisms. Minute adjustments are made each second to
maintain the individual's systolic and diastolic pressures within a
present limit (Parati et al., 1988). The initial link in the regulatory

chain is a reflex nervous response initiated by the baroreceptors and the
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sympathetic mnervous system. During posture changes the baroreceptor
response prevents severe hypotension as a result of gravitational pulls
as one stands. Cerebral perfusion and cardiac output are maintained.

Primary and secondary causes may affect the body’s control
mechanisms and produce orthostatic hypotension. In the postoperative
CABG patient numerous secondary causes may produce OH. Hypovolemia may
result from hemodilution aﬁd excessive diuresis, which 1lowers the
intravascular volume. Medications such as nitrates and calcium channel
blockers may result.in OH. TImmobility, hypokalemia, anesthetic agents,
cardiac dysfunction could each produce a degree of OH. Research,
however, have not examined OH in the CABG surgery patient.

This study examined the orthostatic blood pressure and heart rate
responses after coronary artery bypass surgery. Baseline orthostatic
responses were obtained preoperatively. Results will assist the nursing
in caring for the CABG surgery patient by anticipating appropriate

nursing interventions.
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CHAPTER 3
METHODOLOGY

The theoretical framework and rationale for the theoretical
framework for this study have been presented in the first two chapters.
The plan for data collection, and methods emp.loyed to test the hypotheses
for the study, are presented in Chapter 3. The study setting anél sample,
rationale for selection criteria, protection of human subjects, and data
analysis plan are described. Finally, limitations of the study are re-

viewed.

Research Design

A quasi-experimental design guided this study. Each subject
acted as his/her own control. The study sought to answer tﬁe questions:
What is the blood pressure and heart rate response as the individuals
moved from a supine to a sitting and from a supine to a standing posi-
tion? Is there a preoperative and postoperative difference? And,
finally, does the postural response of the normotensive and the hyperten-
sive subject differ?

The independent variable to be manipulated was the postural
position of the subject. The supine, flat position was the initial
control position, with variations of sitting and standing positions.
Randomization did mnot occur; each subject performed each postural
maneuver in the same order. Dependent variables were arterial blood

pressure (systolic and diastolic) and heart rate.
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Baseline data were collected preoperatively. Supine, sitting,
and standing blood pressure and heart rate measurements were taken the
evening prior to elective coronary artery bypass graft surgery. The
measurements were repeated on postoperative Day 2 or Day 3, 48 to 72
hours postoperatively. All data was collected in the postabsorptive
state.
Fifteen hypotheses were generated to identify relationships of
dependent variables to position change. The hypotheses are:
1. There is no change in systolic blood pressure when moving from
a supine to a sitting position prior to coronary artery bypass
graft surgery.
2. There is mno change in diastolic blood pressure when moving from
a supine to a sitting position prior to CABG surgery.
3. There is no change in heart rate when moving from a supine to a
sitting position prior to CABG surgery.
4. There is no change in systolic blood pressure when moving from
a supine to a standing position prior to CABG surgery.
5. There is no change in diastolic blood pressure when moving from
a supine to a standing position prior to CABG surgery.
6. There is no change in heart rate when moving from a supine to a
standing position prior to CABG surgery.
7. There is no change in systolic blood pressure, on the second or
third postoperative day after CABG surgery, when moving from a

supine to a sitting position.
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There is no change in diastolic blood pressure, on the second or
third postoperative day after CABG surgery, when moving from a
supine to a sitting position.
There is no change in heart rate on the second or third post-
operative day after CABG surgery, when moving from a supine to
a sitting position.
There is no change in systolic blood pressure, on the second or
third postoperative day after CABG surgery, when moving from a
supine to a standing position.
There is no change in diastolic blood pressure, on the second or
third postoperative day after CABG surgery, when moving from a
supine to a standing position.
There is no change in heart rate, on the second or third
postoperative day after CABG surgery, when moving from a supine
to a standing position.
There is no difference in the systolic blood pressure response
to moving from supine to standing preoperatively and postopera-
tively for normotensive and hypertensive subjects.
There is no difference in the diastolic blood pressure response
to moving from supine to standing preoperatively and postopera-
tively for normotensive and hypertensive subjects.
There is no difference in the heart rate response to moving from
supine to standing preoperatively and postoperatively for

normotensive and hypertensive subjects.
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Study Setting

The study was conducted in a major northwestern teaching
hospital. Patients admitted for elective CABG surgery were admitted to
a stepdown telemetry unit or an overflow surgical unit. Patients were
referred from state-wide and city-wide locales; a few arrived from
British Columbia, Canada. Numerous tests, procedures, and interviews
were conducted prior to surgery. In addition, mnearly all patients
attended a preoperative teaching class and toured the intensive care
unit.

Preoperative and postoperative measurements were collected in
the subject's room with all extraneous noise minimized. Multiple
interruptions related to preoperative preparations for surgery made data
collection a continual challenge. True resting supine values were sought

at all times.

Study Sample

The study sample consisted of 30 men (n = 26) and women (n = &)
undergoing electivé coronary artery bypass graft surgery. Subjects were
30 years of age or older. All subjects were English speaking and able
to sign an informed consent. Subjects were ambulatory preoperatively and
postoperatively. Individuals were excluded when a nmervous system history
of central lesion (tumors, cerebral infarct, Parkinsonism), efferent
lesion (trauma, myelitis, idiopathic OH, tumors), or a chronic condition
involving possible autonomic dysfunction was present. Postoperatively,

individuals were extubated, -had been out of bed at least once prior to
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data collection, and were able to stand without support of the
researcher.

Subjects’' ages ranged from 42 to 77 years, mean age of 63 years.
The subjects received two to five bypass grafts, with 43% (n = 13)
receiving three grafts. Sixty-seven percent (n = 20) experienced a
myocardial infraction prior to the current admission. None of the sub-
jects experienced a perioperative or postoperative myocardial infarc-
tion. A documented history of controlled hypertension was found in 57%
(n = 17) of subjects. Peripheral vascular disease was reported in 10%

(n = 3) of subjects.

Rationale for Selection Criteria

Subjects demonstrated the ability to speak, read, and understand
English, in order to sign an informed consent and to safely follow
instructions during the period of study. Men and women were included in
the study, as gender differences in orthostatic response have not been
documented (Kennedy & Crawford, 1984; Moore & Newton, 1986). Shvartz and
Meyerstein (1970) found that women exhibited higher orthostatic heart
rates and lower orthostatic blood pressure values than men, but these
variations were found in baseline supine readings also. Moore and Newton
(1986) also found no statistical differences in orthostatic responses for
men and women,

Subjects were of an adult age. Elderly (greater than 60 years)
individuals may have other predisposing conditions which affect the

orthostatic response (Susman, 1988). Caird, Andrews, and Kennedy (1973)
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found an orthostatic drop in systolic blood pressure of 20 mm Hg in 24%
of individuals over 65 years of age living at home (N = 494).

Hypertensive and normotensive subjects were included in the
study. The hypertensive subject may experience a postural response which
differs from that of the normotensive individual; the response may be
augmented by the use of antihypertensive medications. However, as
hypertension is a known risk factor for coronary artery disease, this
subset of individual cannot be ignored in evaluating postural responses
after CABG surgery (Underhill et al., 1989).

Medications which affect the orthostatic responses include
phenothiazines, nitrates, narcotics, sedatives, calcium channel blockers
(Schatz, 1984). The medications produce an altered sympathetic outflow
or myocardial depression to reduce the orthostatic response (Susman,
1988). Morphine, commonly ordered postoperatively increases the plasma
concentration of ANF, which may affect the orthostatic response (Gut-

kowska et al., 1986).

Protection of Human Subjects

Each subject’'s rights were protected throughout the study. An
informed consent was obtained after careful exﬁlanation of the procedure
to be followed (Appendix C). The subject was informed verbally and in
writing that he/she was free to withdraw from the study at any time
before, during, or after the collection of data. There would be no nega-
tive consequences from the withdrawal. Individuals who could not read,

write or understand English ‘were excluded from the study.
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To ensure confidentiality, names did not appear on demographic
information, or any data sheets. A code number from 50 to 99 was
assigned to each subject and located in the upper right-hand corner of
each data collection form. A master list of code numbers and subject'’'s
names was be kept separately in a locked, confidential file. Signed
consent forms were completed prior to data collection.

The risks to the subjects were minimal. The subject could
experience a slight pulling sensation as electrocardiograph electrodes
were applied and removed. A pressure sensation could be felt as the
blood pressure cuff was applied and the blood pressure taken. During
changes in posture, the subject could experience feelings of fainting or
dizziness or extreme weakness. If the symptoms were not relieved, the
subject would be returned to the supine position. The investigator would
remain with the subjects until all symptoms are relieved and vital signs

are normal.

Pilot Study

A pilot study with three subjects was performed to test the data
collection procedure prior to data collection. The Hewlett Packard 1500B
Electrocardiograph machine proved unwieldy and the accuracy of heart rate
measurements was in question. It was not possible to calibrate the Hew-
lett Packard machine, and a decision was made, in conjunction with the
thesis committee chairperson, to use the Physiocontrol Vital Signs Moni-
tor. Remaining data collected with two subjects were included in the
study sample. No other changes were made in the data collection

procedure.
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Study Instruments

To ensure accuracy in the collection of data, instruments were
carefully selected and calibrated prior to data collection. Instruments
included: (1) Trimline mercury sphygmomanometer (by Pymal Corp., Sommer-
ville, NJ) and (2) Physiocontrol VSMI/ESF Vital Signs Monitor with
Electrosurgical Filter.

A mercury gravity manometer was used to measure systolic and
diastolic blood pressures via the brachial artery. The same sphygmo-
manometer was used for each patient each day. The mercury in the
manometer was determined to be such that the meniscus was precisely at
the zero mark. This level was confirmed prior to each data collection
session, The manometer was attached to a vertical portable stand to
ensure a correct reading (Frohlich et al., 1987).

The Physiocontrol Vital Signs Monitor with Electrosurgical Filter
was used for recording the subject’s heart rate at specified intervals
during the data collection period. The monitor was calibrated before
each test period by producing a 1 millivolt (mV) spike on the graph
paper. The calibration deflection confirmed calibration at 100 mm Hg/Hz
by producing a negative deflection equivalent to one volt of the output

signal.

Data Collection Protocol
Upon admission to the hospital, the investigator was introduced
to the subject. She explained the proposed study, answered questions,

and obtained an informed consent. A Demographic Data Sheet (Appendix F)
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was completed (from chart reference) and a code number assigned to the
participant. A time was scheduled for the collection of baseline data.

Prior to surgery, the investigator returned as scheduled. The
proceduré was again reviewed and questions answered. The subject was
asked to lie quietly in his bed with his head flat (one pillow) for
6 minutes or until baseline supine values were achieved. The curtain at
the patient door was drawn, the lights dimmed and extraneous noise (e.g.,
television, radio, visitors) minimized.

Baseline preoperative measurements were taken the evening prior
to the subject’s surgery. Postoperative measurements were taken between
9:30 a.m. and 12:30 p.m. on the second or third postoperative day. A
diurnal pattern of blood pressure variation occurs in humans; blood
pressure usually peaks in the morning, tapers off in the evening and is
lowest during night-time sleep (Weber, 1988). Hypertensive individuals
show the same pattern but arterial pressures are reset at a higher level
at all times (Pickering, 1988). It was not possible to obtain preopera-
tive measurements in the morning because the majority of subjects were
admitted in the afternoon.

Subjects were asked to refrain from eating, smoking, or drinking
caffeine for one hour prior to the data collection. Ingestion of food
will redistribute blood flow to aid in the absorption of nutrients. Food
may reduce arterial pressure (Lipsitz, Nyquist, Wei, & Rolve, 1983).
Preoperative measurements were taken 1 hour or more after a meal; post-
operative data 1 to 2 hours after breakfast or prior to lunch. All data

were obtained with the subject in the postabsorptive state.
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The phlebostatic axis (the intersection of the midaxillary line
at the fourth intercostal space) was located and marked with a waterproof
pen. The overbed table was positioned at this level for each reading.
The table was repositioned with each position change. The subject’s arm
was positioned on the overbed table for each blood pressure measurement.

Five ECG electrodes were applied in a Lead II configuration to
the subject’s trunk, and connected to Physiocontrol VSMI/ESF Vital Signs
Monitor with Electrosurgical Filter. Heart rate was measured with the
use of an ECG rhythm strip to record the number of vertical R-to-R inter-
vals. Irregular intervals were counted for 10 seconds and multiplied by
six.

After resting supine for 5 minutes, the subject’s blood pressure
was taken at the antecubital space at minutes five and six or until 2
systolic and 2 diastolic readings within 5 mm Hg were obtained (Brunner
et al., 1988). The arm with the highest systolic blood pressure reading
was chosen for all preoperative and postoperative measurements. The
American Heart Association guidelines for blood pressure determination
were followed throughout the measurement period (Frohlich et al., 1987).
Systolic blood pressure was recorded at Phase I of Korotkoff sounds.
Diastolic blood pressure was recorded at the fifth phase of Korotkoff
sounds (Frohlich et al., 1987).

Baseline supine heart rates was determined at minutes 5 and 6 or
until readings were within 5 beats of one another. Immediately after
baseline blood pressure and heart rate readings here obtained, the
subject assumed a sitting éosition. The sitting position was at the

subject’s bedside with legs dangling. The overbed table was positioned
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at the level of the right atrium. Heart rate was recorded at 0.5
minutes, 1 minute, 2 minutes, 3, 4, and 5 minutes. Systolic and
diastolic blood pressure readings were determined at 0.5 minutes,
1 minute, 2 minutes, 3 minutes, 4 minutes, and 5 minutes.

After 5 minutes in a sitting position, the subject returned to
_ the supine position for 5 minutes (Kennedy & Crawford, 1984; Ward et al.,
1966). Blood pressure and heart rate readings were recorded after 5 min-
utes in the supine position, or until readings were within 5 mm Hg (BP)
and 5 beats/min (HR).

After achieving baseline supine values, the subject assumed a
standing position. The overbed table was positioned at the level of the
right atrium. Heart rate was recorded at 0.5 minutes, 1 minute, 2 min-
utes, 3 minutes, 4 minutes, and 5 minutes. Blood pressure readings were
taken and recorded at the same intervals. The subject was asked to
relate symptoms or feelings he/she was experiencing. The data collection
protocol has been noted in Appendix D.

Data collection for each subject occurred once prior to surgery
and once 48 to 72 hours postoperatively. All data were recorded on the
Physical Measurement Record (Appendix E). Pertinent laboratory and
medication data were recorded on the Subject Hospitalization Data Sheet

(Appendix G).

Data Analysis Plan

Systolic blood pressure, diastolic blood pressure, and heart rate
were recorded in supine, sitting and standing positions. An analysis of

variance (ANOVA) with repeated measures using the subject as his own
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control provided analysis of preoperative and postoperative data.
Significances of the data over minutes, preoperative and postoperative
changes, and the interaction of minutes and pre/post effect were
determined. Further analysis of variance with repeated measures compared
the response of the normotensive subject to the hypertensive subject.
Paired t tests were performed to identify the postural changes at the

given measurement times and to test the hypotheses generated.

Desipgn Limitations

An attempt was made to control extraneous variables by the
selection of a specific population. However, it was not be possible to
control the number of medications the subjects received. Narcotics,
diuretics, tranquilizers, phenothiazmines are among the wvariety of
medications which altered the orthostatic response (Thomas et al., 1981).

Stress and anxiety of the subject altered the results. In
subjects who have recently undergone a life-threatening illness, nore-
pinephrine and epinephrine levels may be heightened and may impact on the
physiologic response. Data collection in a laboratory setting void of
all outside stimuli would have been preferred.

Threats to the internal validity of this study were present.
The use of a variety of pharmacologic agents which impact on the ortho-
static response could have influenced the subject’s postural response,
especially in the postoperative period. In addition, a variety of other
factors (fluid status, hypertension, unknown historical problems) may

have skewed the results.
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Summary

A quasi-experimental study has been presented, with procedures
for implementation outlined and the study population defined. Indepen-
dent and dependent variables have been carefully selected. The indepen-
dent variable (position change) was subdivided to sitting and standing
positions. Dependent variables were supine systolic blood pressure,
sitting systolic blood pressure, standing systolic blood pressure, supine
diastolic blood pressure, sitting diastolic blood pressure, standing
diastolic blood pressure, supine heart rate, sitting heart rate, and
standing heart rate. Careful preparation and calibration of instruments
ensured accurate data collection. Design limitations have been dis-

cussed, and the plan for data analysis outlined.
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CHAPTER 4
ANALYSIS AND PRESENTATION OF DATA

The methodology described in the previous chapter provided the
means for evaluating the orthostatic blood pressure and heart rate
responses before and after coronary artery bypass graft surgery.
Preoperative and postoperative c;mparisons of the entire sample were
performed, along with comparisons of the normotensive subjects to the
hypertensive subjects. The chapter concludes with the results of null
hypotheses testing.

Comparison of preoperative and postoperative responses was
performed using an ANOVA analysis with repeated measures. The signif-
icance of change over minutes in systolic blood pressure, diastolic blood
pressure, and heart rate was evaluated. The preoperative effect was
compared to the postoperative effect, as well as the interaction of the
effect of minutes on the preoperative to postoperative (pre/post) effect.
Overall, systolic blood pressure and heart rate responses showed a
significant change for the supine to standing movement and the supine to
sitting movement. The actual change was greater in the supine to
standing movement for both variables. Diastolic blood pressure varied
the least.

Separate analyses of normotensive and hypertensive subjects were
conducted. The supine to standing position provided the most dramatic

change in values of each variable for both groups. The preoperative and
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postoperative response of systolic blood pressure in normotensive and
hypertensive subjects was not the same. Heart rate response also varied

between the normotensive and the hypertensive subjects.

Description of the Sample

The study sample consisted of 30 patients admitted to a north-
western teaching hospital for elective coronary artery bypass graft
(CABG) surgery. Forty-two patients were approached preoperatively:
three refused, one was deleted because of inaccurate preoperative data,
and one patient was treated medically rather than surgically. Postopera-
tively, four patients refused and three were unable to perform the
position change maneuvers on postoperative day two or three. The 30
subjects included in the sample completed each position change preopera-
tively and postoperatively.

The sample population of 30 subjects admitted for CABG surgery
consisted of 26 men (87%) and 4 women (13%). The ages of the subjects
ranged from 42 to 77 years with a mean age of 63 years. Thirty percent
(n = 9) were under the age of 60, 70% (n = 21) were over the age of 60.
The number of bypass grafts received varied from 2 to 5, with 43%

(n = 13) receiving 3 grafts. Sixty-seven percent (n = 20) indicated a
history of previous myocardial infarction prior to admission. Fifty-
seven percent (n = 17) reported a history of controlled hypertension;
43% (n = 13) showed no documented history of hypertemnsion (Table 1).
Anesthetic agents included Diazepam, Enflurane, Fentanyl, Midazolone,

Pancurion, Sufenta, Succinylcholine, Isoflourane, Scopolamine, and
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Table 1. Descriptive characteristics of sample population (N =~ 30)

Frequency Percentage
Sex
Male 26 86.7
Female 4 13.3
Age
< 60 Years 9 30.0
>6

0 Years 21 70.0

LIMA (lLeft Internal Mammary Artery Graft)

Yes 19 63.
No 11 36.

~ W

RIMA (Right Intermnal Mammary Artery Graft)

Yes 1 3.
No 29 96.

~ W

Number_of Grafts

2 10 33.3

3 13 43.3

4 5 16.7

5 2 6.7
Hypertension Histor Controlled

Yes 17 56.7

No 13 43.4
Digbetes Mellitus History

Yes ' 6 20.0

No 24 80.0
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Versed. One subject reported a history of dizziness. None reported a
history of syncope, headaches, or excessive weakness.
Preoperatively, the mean resting blood pressure was a systolic
blood pressure of 134 mm Hg with a standard deviation of 18 (range 110
to 176 mm Hg) and a diastolic blood pressure of 70 mm Hg with a standard
deviation of 10 (range 50 to 86 mm Hg). The mean resting heart rate was
63 beats per minute (bpm) with a standard deviation of 9.6 (range 46 to
89 bpm). Postoperatively, the mean resting systolic blood pressure was
119.9 mm Hg with a standard deviation of 15.7 (range 96 to 172 mm Hg).
The mean resting diastolic blood pressure after surgery was 61.1 mm Hg
with a standard deviation of 11.2 (range 30 to 86 mm Hg). The mean
resting heart rate after surgery was 82.3 bpm with a standard deviation

of 10.4 (range 62 to 107 bpm).

Comparison of Preoperative and
Postoperative Response Data

Blood pressure and heart rate response to postural changes were
recorded preoperatively and postoperatively. Measurements of systolic
blood pressure, diastolic blood pressure, and heart rate were recorded
when moving from a supine to a sitting position, and from a supine to a
standing position. To compare the response patterns on the two separate
days a repeated measures analysis of variance was performed.

The analysis of variance, ANOVA, is a parametric procedure used
to test the significance of differences between means. A repeated mea-
sures design uses the subject as his own control, when exposed to more
than one condition or treatment (Polit & Hungler, 1983). For this study

each variabl2 (Systolic blood pressure, diastolic blood pressure, and
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heart rate) was tested for each position change. To perform the repeated
measures analysis, a change variable was computed for each dependent
variable. The variables were:
1. Sitting mean systolic blood pressure (SBP) minus mean supine SBP
2. Sitting mean diastolic blood pressure (DBP) minus mean supine DBP
3. Sitting mean heart rate (HR) minus mean supine HR
4. Standing mean SBP minus mean supine SBP
5. Standing mean DBP minus mean supine DBP

6. Standing mean HR minus mean supine HR.

Overall results showed a significant change from preoperative to
postoperative for systolic blood pressure when moving from a supine to
a standing position. For normotensive and hypertensive subgroups of sub-
jects, systolic and diastolic blood pressure did not change significantly
from preoperative to postoperative measurements. Heart rate response to
postural changed did not show a significant overall change from preopera-
tive to postoperative. The normotensive subjects exhibited an increased
heart rate response postoperatively when moving from a supine to a

sitting position.

Systolic Blood Pressure Response

Preoperative and postoperative variables were computed for
systolic blood pressure. Sitting systolic blood pres-sure minus the
supine systolic blood pressure was compared before and after CABG surgery

at minutes 0.5, 1, 2, 3, 4, and 5 (Table 2). The systolic blood pressure
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Table 2. Preoperative and postoperative change in systolic blood
pressure when moving from a supine to a sitting position

(X - 30)
Preoperative : Postoperative

Mean Mean

Mean BP  Change Mean BP Change
Minutes (um Hg) (mm Hg)* SD (mm Hg) (mm Hg)* SD
0.0 (Supine) 134.2 --- --- . 119.9 -=- ---
0.5 127.3 -6.87 10.39 112.9 -7.00 7.80
1.0 129.7 -4.50 8.91 114.3 -5.63 8.70
2.0 132.0 -2.23 9.72 114.5 -5.43 8.82
3.0 132.3 -1.93 8.96 115.4 -4.50 7.30
4.0 133.1 -1.13 7.19 114.1 -5.80 7.89
5.0 131.9 -2.33 8.83 114.7 -5.17 6.98

*Mean change = sitting SBP minus supine SBP.

dropped dramatically at 0.5 minutes and began a gradual ascent for
minutes 1, 2, 3, 4, and 5. The preoperative and postoperative decrease
at 0.5 minutes were nearly identical; the postoperative ascent was
slower. The systolic blood pressure response showed a significant main
effect between subject means (F = 23.08; df = 1, 29; p < .0005). A
significant main effect over minutes was present (F = 4.04; df = 5, 25;
p = .008). There was not a statistically significant preoperative and
postoperative difference (F = 2.01; df = 1, 29; p = .167). No interac-
tion between minutes and pre/post effect was noted (F = 0.80;

df = 5, 145; p = .548).
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The change in systolic blood pressure from a supine to a standing
position followed the same pattern as from supine to sitting (Table 3).
An initial steep drop at 0.5 minutes was followed by a gradual increase
and plateau at minutes 4 and 5. Postoperatively, the initial drop was
greater (-13.91 postoperatively versus -10.49 preoperatively), and the
subsequent ascent reduced. An overall main effect between subjects
occurred (F = 13.79; df = 1, 22; p = .001), along with a significant main
effect over minutes (F = 5.93; df = 5, 18; p = .002). Also a significant

pre/post effect occurred (F = 6.11; df = 1,22; p = .022). Therefore,

Table 3. Preoperative and postoperative change in systolic blood
pressure when moving from a supine to a standing position

(n = 23)
Preoperative Postoperative
Mean Mean
Mean BP  Change Mean BP  Change
Minutes (mm Hg) (mm Hg)* SD (mmn Hg) (mm Hg)* SD
0.0 (Supine) 137.0 --- --- 124.9 --- ---
0.5 126.6 -10.48 14.86 111.1 -13.91 9.81
1.0 132.0 - 4.96  13.34 113.2 -10.83 8.18
2.0 134.3 - 3.52 15.97 115.6 - 8.17 8.88
3.0 134.8 - 1.35 14.17 114.9 - 7.00 9.25
4.0 132.0 - 3.74  14.19 112.6 - 7.39 10.77
5.0 133.1 - 2.83  14.40 115.4 - 9.57 14.86

*Mean change = standing SBP minus supine SBP.
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preoperative and postoperative responses differed for each main effect
when moving from a supine to a standing position. The interaction
between minutes and pre/post effect was not significant (F = 2.23;
df = 5, 110; p = .057). Five subjects could not complete the standing
maneuver for 5 minutes; two subjects had missing data, thus reducing n
to 23.

Comparison of baseline supine readings (prior to each position
change) for systolic blood pressure showed no significant change in
supine values preoperatively (t = -1.98; df = 29; p = .057). However{
postoperative supine values for systolic blood pressure differed
significantly (t = -3.04; df = 29; p =~ .005). Hence, postoperatively
the subject did not return to baseline prior to moving from supine to
standing. Additional study is needed to establish true resting values
postoperatively for systolic blood pressure.

Systolic Blood Pressure Response in
Normotensive and Hypertensive Subjects

Seventeen subjects (56.7%) presented with a history of controlled
hypertension. Thirteen subjects (43.3%) reported no history of hyperten-
sion. Separate analyses of the preoperative and postoperative postural
response were conducted for the hypertensive subjects and the normoten-
sive subjects, using the.ANOVA with repeated measures design.

When moving from a supine to a sitting position, the systolic
blood pressure dropped initially (0.5 minutes) and gradually increased
from 0.5 to 5 minutes for b;th the normotensive and in the hypertensive
subjects (Table 4). The normotensive subject showed a significant

main effect between subject means (F = 6.89; df = 1, 12; p = .022).
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Table 4. Preoperative and postoperative change in systoliec blood
pressure for normotensive and hypertensive subjects when moving
from a supine to a sitting position

Normotensive Hypertensive
Subjects (n = 13) Subjects (n = 17)
Pre- Post- Pre- Post-

Minutes operative operative operative operative
0.5 Minutes

Mean Change (mm Hg)* - 8.23 - 4,62 - 5.82 - 8.82

Standard Deviation 12.58 3.93 - 8.62 9.52
1.0 Minute

Mean Change (mm Hg)¥* - 5.69 - 1,77 - 3.59 - 8.59

Standard Deviation 9.87 5.99 8.29 9.43
2.0 Minutes

Mean Change (mm Hg)¥* - 2.85 - 3.54 - 1.77 - 6.88

Standard Deviation 12.83 6.92 6.86 10.00
3.0 Minutes

Mean Change (mm Hg)¥* - 1.46 - 3.23 - 2.29 - 5.47

Standard Deviation 9.31 4.95 8.95 8.71
4.0 Minutes

Mean Change (mm Hg)* - 3.39 - 2.23 0.59 - 8.53

Standard Deviation 7.05 6.07 7.01 8.18
5.0 Minutes

Mean Change (mm Hg)* - 2.85 - 2.54 - 1.9 - 7.18

Standard Deviation ©11.10 5.01 6.97 7.72

*Mean change = sitting SBP minus supine SBP.
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There was no significant change over minutes (F = 0.88; df = 5, 8;
p = .535), and no significant pre/post difference (F = 3.81; d4f = 1, 12;
p = .075). An interaction between minutes and pre/post effect did not
occur (F = 1.74; df = 5, 8; p = .231). For the hypertensive subject,
moving from supine to sitting resulted in a main effect between subject
means (F = 16.22; df = 1, 16; p = .001). A significant main effect over
minutes occurred (F = 4.33; df = 5, 12; p = .017), but no pre/post
difference was found (F = 0.21; df = 1, 16; p = .649). No interaction
between minutes and pre/post effect occurred (F = 0.93, df = 5, 80;
P = .463) (Table 4).

When moving from a supine to a standing position, normotensive
and hypertensive subjects again showed an initial precipitous drop in
systolic blood pressure, followed by a gradual increase (Table 5). 1In
the normotensive subject, the preoperative decrease was larger than the
postoperative drop in pressure. A significant effect was found between
subject means (F = 20.15; df = 1, 11; p = .001). The normotensive sub-
ject showed a significant effect over minutes (F = 4.03; df = 5, 7,

p = .048), but no significant pre/post effect was seen (F = 3.81;

df =1, 11; p = .077). A significant interactiqn between minutes and
pre/post effect was found (F = 3,97; df = 5, 55; p = .004). The hyper-
tensive subject showed the opposite response of the normotensive for the
supine to standing movement (Table 5). A large drop in systolic blood
pressure occurred at 0.5 minutes postoperatively with a gradual increase
in pressure. Preoperatively the systolic pressure dropped a small amount
at 0.5 minutes and remained at or near baseline supine values for 5

minutes. There was no significant effect between subject means
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Table 5. Preoperative and postoperative change in systolic blood pressure
for normotensive and hypertensive subjects when moving from a
supine to a standing position

Normotensive Hypertensive
Subjects (n = 12) Subjects (n = 11)
Pre- Post- Pre- Post-

Minutes operative operative operative operative
0.5 Minutes
Mean Change (mm Hg)* -15.75 - 11.92 - 4.73 -16.09
Standard Deviation 14.93 10.29 13.06 9.22
1.0 Minute
Mean Change (mm Hg)* - 9.25 - 9.42 - 0.27 -12.36
Standard Deviation 10.21 7.29 15.18 9.16
2.0 Minutes
Mean Change (mm Hg)¥* - 9.50 - 8.58 3.00 - 7.73
Standard Deviation 15.45 5.50 14.46 11.82
3.0 Minutes
Mean Change (mm Hg)* - 4.58 - 8.25 2.18 - 5.64
Standard Deviation 14.43 6.96 13.67 11.45
4.0 Minutes
Mean Change (mm Hg)* - 8.92 - 8.67 1.91 - 6.00
Standard Deviation 13.74 8.79 12.96 12.88
5.0 Minutes
Mean Change (mm Hg)* - 7.17 -14.42 1.91 - 4.27
Standard Deviation " 13.70 12.14 14.23 16.27

*Mean change = standing SBP minus supine SBP.
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(F = 1.79; df = 1, 10; p = .210), and therefore no main effect for
minutes (F = 3.64; df =5, 6; p = .074) or pre/post effect (F = 2.36; df
=1, 10; p = .156). No interaction between minutes and pre/post effect
occurred (F = 0.62; df = 5, 60; p = .693).

In summary, systolic blood pressure dropped immediately with a
position change (standing greater than sitting) and gradually rose over
the following 5 minutes. The postoperative response for all subjects
differed significantly from the preoperative response when moving from
supine to standing. Normotensive and hypertensive subjects each
experienced an initial drop in blood pressure. However, in the normo-
tensive subject the most dramatic change occurred preoperatively. For
the hypertensive subject the postoperative response was the greater.
For the supine to sitting position change, a significant effect over
minutes occurred for the hypertensive subject, none for the normotensive
subject. The supine to standing position produced a main effect between
subject means for the normotensive subject, not for the hypertensive
subject. Overall, the group of all subjects produced a significant
preoperative versus postoperative change; the smaller groups of hyperten-
sive and normotensive subjects did not exhibit a preoperative to

postoperative change in systolic blood pressure.

Diastolic Blood Pressure Response

The diastolic blood pressure did not follow a consistent pattern.
Preoperatively, the diastolic blood pressure rose slightly at 0.5
minutes, dropped to below baseline supine values at 2 minutes, and rose

above baseline values at 3 minutes (when moving from a supine tc &




93
sitting position). Postoperatively, the diastolic blood pressure rose
to a high at 1 minute after the position change, and remained elevated
(Table 6). An overall difference between subject means did not occur
(F = 1.34; df = 1, 29; p = .257). There was no significant change over
minutes (F = 1.02; df = 5, 25; p = .428), no significant pre/post effect
(F=1.52; df = 1, 29; p = .228), and no significant interaction between
minutes and pre/post effect (F = 0.84; df = 5, 25; p = .535).

When moving from a supine to a standing position preoperatively,

the diastolic blood pressure peaked at 1 minute, and dropped slightly

Table 6. Preoperative and postoperative change in diastolic blood
pressure when moving from a supine to a sitting position

(N = 30)
Preoperative Postoperative
Mean Mean
Mean BP  Change Mean BP Change
Minutes (mm Hg) (mm Hg)*  SD (mm Hg) (mm Hg)* sD
0.0 (Supine)  70.1 cee e 61.1 .- .-
0.5 70.6 0.47 6.69 61.7 0.67 7.87
1.0 70.2 0.10 7.17 63.0 1.97 7.10
2.0 69.7 -0.37 6.26 62.7 1.63 7.29
3.0 70.5 0.40 7.27 62.8 1.77 6.58
4.0 71.8 1.70 6.85 62.0 0.97 8.37
5.0 71.8 1.67 7.44 62.7 1.67 6.30

*Mean change = sitting DBP minus supine DBP,.
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while remaining above baseline values (Table 7). Postoperative, the
diastolic blood pressure dropped from 0.5 minutes to 2 minutes, then rose
at 3 minutes and remained elevated. A significant effect between subject
means did not occur (F = 0.25; df = 1, 22; p = .623). No significant
change over minutes occurred (F = 2.38; df = 5, 18; p = .080). Also,
there was no significant pre/post difference (F = 2.64; df = 1, 22;

p = .118), and no interaction between minutes and pre/post effect

(F=1.62; df = 5, 18; p = .205).

Table 7. Preoperative and postoperative change in diastolic blood
pressure when moving from a supine to a standing position

(n = 23)
Preoperative Postoperative
Mean - Mean
Mean BP  Change Mean BP  Change
Minutes (mm Hg) (mm Hg)*  SD (mm Hg) (mm Hg)* SD
0.0 (Supine) 72.1 --- --- 64.6 --- ---
0.5 73.9 1.00 9.18 63.4 -1.91 6.76
1.0 76.4 3.04 10.60 63.4 <1.91 5.9
2.0 74.0 1.04 10.77 64.5 -0.96 6.38
3.0 73.5 0.74 10.62 64.8 0.17 6.16
4.0 73.9 1.48 10.79 62.8 1.35 7.43
5.0 75.6 2.91 10.29 65.5 0.22 16.21

*Mean change = standing DBP minus supine DBP.
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Supine to standing measurements in Table 7 were evaluated for 23
subjects. Five subjects could not stand for 5 minutes, and two subjects
had incomplete data. Hence the repeated measures test could not be
performed on these seven subjects.

Baseline supine diastolic blood pressures (prior to each position
change) were compared preoperatively and postoperatively. Supine read-
ings preoperatively were not significantly different (t = -1.88; df = 29;
p = 0.07), but a significant difference was found in postoperative supine
values (t = -3.37; df = 29; p = .002). Hence the movement from supine
to sitting did affect the results for the supine to standing movement.
Attainment of true baseline values would improve the reliability of
postoperative data.

Diastolic Blood Pressure Response in
Normotensive and Hypertensive Subjects

Diastolic blood pressure in the normotemsive and hypertensive
subject varied little from baseline supine values. Postoperatively, in
the normotensive subject, diastolic blood pressure rose immediately and
remained elevated for 5 minutes when moving from a supine to a sitting
position (Table 8). Preoperatively the pressure remained at or below the
baseline. There was no significant effect between subject means in the
normotensive subject (F = 1.92; df = 1, 12; p = .191). [Likewise, a
significant change over minutes did not occur (F = 0.98; df = 5, 8;

p = .486). No significant pre/post effect was found (F = 0.03;
df = 1, 12; p = .872). The interaction between minutes and pre/post

effect was not significant (F = 2.18; df = 5, 60; p = .069).




96

Table 8. Prebperative and postoperative change in diastolic blood
pressure for normotensive and hypertensive subjects when moving

from a supine to a sitting position

Normotensive

Subjects (n = 13)

- Hypertensive
Subjects (n = 17)

Pre- Post- Pre- Post-

Minutes operative operative operative operative
0.5 Minutes

Mean Change (mm Hg)* - 0.15 3.15 0.94 - 24

Standard Deviation 4.79 6.48 7.97 8.48
1.0 Minute

Mean Change (mm Hg)* - 1.62 .00 1.41 - 0.35

Standard Deviation 4,57 .78 8.56 6.61
2.0 Minutes

Mean Change (mm Hg)* - 0.85 4.00 0.00 - 0.18

Standard Deviation 4.86 .23 7.28 7.70
3.0 Minutes

Mean Change (mm Hg)* - 1.00 3.00 1.47 0.82

Standard Deviation 5.16 .46 8.55 6.71
4.0 Minutes

Mean Change (mm Hg)%* - 0.15 .62 3.12 - 06

Standard Deviation 5.00 .61 7.83 58
5.0 Minutes

Mean Change (mm Hg)%* 1.85 2.85 1.53 0.77

Standard Deviation 6.08 .23 8.52 5.54

*Mean change = sitting DBP minus supine DBP.
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For the hypertensive subject, moving from & supine to & sitting
position preoperatively caused the diastolic blood pressure to rise
slightly above supine values (Table 8). A significant effect between
subject means did not occur (F = 0.20; df = 1, 16; p = .661). No
significant main effect for minutes occurred (F = 0.799; df = 5, 12;

p = .571), and no pre/post effect (F = 1.98; df = 1, 16; p = .179) was
found. An interaction between minutes and pre/post effect was found
(F = 4.49; df = 5, 12; p = .015).

When moving from a supine to a standing position, preoperative
and postoperative diastolic blood pressures supine values decreased for
the normotensive subject (Table 9). There was no significant main effect
between subject means (F = 4.13; df = 1, 11; p = .067). No significant
change occurred over minutes (F = 0.52; df = 5, 7; p = .753) and no
significant pre/post effect was found (F = 0.52; df = 1, 11; p = .488).
The interaction between minutes and pre/post effect were not significant
(F =0,55; df =5, 7; p= .739).

In the hypertensive subject, diastolic blood pressure rose
dramatically in the preoperative period, reaching 10.2 mm Hg above
baseline at 1 minute and remaining elevated for 5 minutes (Table 9).
Postoperatively, diastolic blood pressure in this subgroup of subjects
dropped at 0.5 to 2 minutes, and rose slightly at minutes 3 to 5.
Repeated measures analysis did not show a significant between subject
effect (F = 3,07y df = 1, 10; p = .110), nor a significant difference
over time (F = 2.93; df = 5, 6; p = .112). No significant preoperative

and postoperative difference resulted (F = 2.51; df = 1, 10; p = .144),
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Table 9. Preoperative and postoperative change in diastolic blood
pressure for normotensive and hypertensive subjects when moving
from a supine to a standing position

Normotensive Hypertensive
Subjects (n = 12) Subjects (n = 11)
Pre- Post- Pre- Post-

Minutes operative operative operative operative
0.5 Minutes

Mean Change (mm Hg)* - 2.75 - 0.92 5.09 - 3.00

Standard Deviation 7.05 5.18 9.77 8.27
1.0 Minute

Mean Change (mm Hg)* - 3.50 - 1.50 10.18 - 2.36

Standard Deviation 5.35 5.49 10.41 6.64
2.0 Minutesg

Mean Change (mm Hg)* - 4,33 - 0.75 6.91 - 1.18

Standard Deviation 7.68 4.54 10.86 8.17
3.0 Minutes

Mean Change (mm Hg)* - 3.92 - 0.50 5.82 0.91

Standard Deviation 8.93 4.46 10.29 7.78
4.0 Minutes

Mean Change (mm Hg)* - 4.42 0.08 7.91 2.73

Standard Deviation 8.39 6.42 9.56 50
5.0 Minutes

Mean Change (mm Hg)* - 0.42 - 1.25 6.55 1.82

Standard Deviation 8.75 6.11 10.99 13.52
*Mean change = standing DBP minus supine DBP.
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and no significant interaction between minutes and pre/post effect
(F=2.13; df = 5, 50; p = .077) occurred.

Iﬁ summary, diastolic blood pressure did not change significantly
when moving from a supine to a sitting or a supine to a standing position
for all 30 subjects. Normotensive subjects did not exhibit a significant
change for either position change; the po;toperative movement caused a
rise in diastolic blood pressure, the preoperative movement did not. The
hypertenéive subject exhibited a rise in diastolic blood pressure when
moving from supine to standing. No significant effect between subject

means or within subject means was found.

Heart Rate Response

The heart rate increased in response to position change. When
moving from a supine to a sitting position preoperatively and postopera-
tively, the heart rate reached a maximum increase at 1 minute and
remained elevated for the 5-minute measurement period. ©Postoperative
measurements showed a smaller increase in heart rate than preoperative
values (Table 10). There was a main effect between subject means (F =
21.00; df = 1, 29; p £ .0005). The change in heart rate was significant
over minutes (F = 3.24; df = 5, 25; p = .022). A significant pre/post
effect was not found (F = 3.79; df = 1, 29; p = .061l). Finally, no
significant interaction between minutes and pre/post effect was noted
(F=1.87; df = 5, 25; p = .136).

Heart rate response when moving from a supine to a standing
position followed a similar pattern, although the actual range of numbers

was higher. For both position changes, the increase in heart rate was
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Table 10. Preoperative and postoperative change in heart rate when
moving from supine to a sitting position (N = 30)

Preoperative Postoperative
Mean Mean

Mean HR Change Mean HR  Change
Minutes (bpm) (mm Hg)* SD (bpm) (mm Hg)* SD
0.0 (Supine) 63.0 --- --- 82.3 - -—--
0.5 - 65.9 2.93 4.52 84.8 2.50 4.66
1.0 68.2 5.18 5.31 85.0 2.73 6.05
2.0 67.9 4.93 5.76 84.1 1.80 5.93
3.0 67.4 4.43 5.19 84.0 1.77 5.18
4.0 67.6 4.63 4.92 83.0 0.70 5.71
5.0 68.2 5.20 5.42 83.5 1.23 6.4455

*Mean change = sitting HR minus supine HR.

greater in the preoperative than in the postoperative period. The heart
rate peaked at 1 minute, and remained elevated for 5 minutes (Table 11).
A significant between subjects effect occurred (F = 63.31; df = 1, 27;
. p £ .0005). The change in heart rate was not significant over minutes
(F=2.25; df =5, 23; p = .084), nor was there a significant pre/post
difference (F = 3.66; df =1, 27; p = .066). No significant interaction
between minutes and pre/post effect occurred (F = 0.86; df = 5, 23;

p = .522). Incomplete data on two subjects reduced n to 28.
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Tahle 11. Preoperative and postoperative change in heart rate when
moving from a supine to a standing position (n = 28)

Preoperative Postoperative
Mean Mean
Mean HR  Change - Mean HR  Change
Minutes (bpm) (mm Hg)* SD (bpm) (mm Hg)*  SD
0.0 (Supine) 63.4 --- - 81.2 .- ---
0.5 73.9 10.39 7.32 89.2 7.43 6.76
1.0 75.4 12.21 8.52 89.7 8.25 7.28
2.0 73.6 10.39 8.50 88.0 6.54 6.41
3.0 73.6 10.18 7.56 88.2 6.86 6.77
4.0 73.0 9.57 8.34 89.0 6.79 6.74
5.0 73.0 9.71 7.71 89.3 7.36 8.04

*Mean change = standing HR minus supine HR.

Baseline supine heart rate values were compared for each given
day of data collection. No significant difference was found preopera-
tively (t = -.62; df = 29; p = .538) or postoperatively (t = 1.28;
af = 29; p = .211). Hence true resting values were achieved prior to
each position change.

Heart Rate Response in Normotensive
and Hypertenslve Subjects

When moving from a supine to a sitting position, the normoten-
sive subject increased his heart rate preoperatively from 0.5 minutes to

5 minutes. The preoperative increase was larger than the postoperative
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increase (Table 12). Postoperatively, the heart rate rose at 0.5 min-
utes, then dropped slightly. There was a significant main effect between
subjects (F = 5.47; df = 1, 12; p = .037). A significant effect was not
found over minutes (F = 2.72; df = 5, 8; p = .100). Howe&er, a signif-
icant pre/post effect (F = 6.38; df = 1, 12; p = .027) did occur. There’
was no significant interaction between minutes and pre/post effect
(F=3.21; df = 5, 8; p = .069).

For the hypertensive subject, the heart rate increased immedi-
ately (0.5 min), peaked at 1 minute, and remained elevated for 5 minutes
when moving from a supine to a sitting position (Table 12). As with the
normotensive subject, the preoperative increase was greater than the
postoperative response. A main effect between subject means was found
(F = 21.12; df = 1, 16; p < .0005). A significant effect over minutes
did not occur (F = 2.46; df = 5, 12; p = .094), and there was no
significant (F = 0.56; df = 1, 16; p =.465) pre/post effect for the
hypertensive subject. The interaction between minutes and pre/post
effect was not significant (F = 2.19; df = 5, 80; p = .063).

When moving from a supine to a standing position, the heart rate
of the preoperative normotensive subject rose at 0.5 minutes and 1 min-
ute, and remained elevated (Table 13). The heart rate response was simi-
lar before and after surgery, with a larger increase in the preoperative
period. A significant main effect between subjects occurred (F = 20.01;
df = 1, 11; p = .001), with no significant effect yithin subjects for
minutes (F = 2.13; df = 5, 7; p = .176) or pre/post effect (F = 3.70;

df = 1, 11; p = .081). ﬁa interaction between minutes and pre/post

effect occurred (F = 0.79; df = 5, 55; p = .558).
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Table 12. Preoperative and postoperative change in heart rate for
normotensive and hypertensive subjects when moving from a
supine to a sitting position

Normotensive Hypertensive
Subjects (n = 13) Subjects (n = 17)
. Pre- Post- Pre- Post-
Minutes operative operative operative operative
0.5 Minutes
Mean Change (bpm)* 1.92 3.77 3.71 1.53
Standard Deviation 5.02 5.31 4.07 3.97
1.0 Minute
Mean Change (bpm)¥* 4.77 1.46 5.47 3.71
‘Standard Deviation 5.23 8.50 5.50 3.12
2.0 Minutes
Mean Change (bpm)* 4.85 1.54 5.00 2.00
Standard Deviation 5.98 8.70 5.77 2.62
3.0 Minutes
Mean Change (bpm)* 4.92 2.46 4.06 1.24
Standard Deviation 4.77 6.60 5.61 3.90
4.0 Minutes
Mean Change (bpm)%* 4.08 0.54 5.06 0.82
Standard Deviation 4,23 7.81 5.48 3.64
5.0 Minutes
Mean Change (bpm)* 6.85 0,92 3.94 1.47
Standard Deviation 6.08 - 8.96 4.66 4.19

*Mean change = sitting HR minus supine HR.
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Table 13. Preoperative and postoperative change in heart rate for
normotensive and hypertensive subjects when moving from a

supine to a standing position

Normotensive

Subjects (n = 12)

Hypertensive
Subjects (n = 17)

Pre- Post- Pre- Post-

Minutes operative operative operative operative
0.5 Minutes

Mean Change (bpm)* 8.58 9.75 11.75 5.68

Standard Deviation 8.45 8.29 6.23 4,92
1,0 Minute

Mean Change (bpm)* 11.25 9.83 12.94 7.06

Standard Deviation 9.98 8.43 7.51 30
2.0 Minutes

Mean Change (bpm)¥* 11.67 7.58 9.44 5.75

Standard Deviation 10.12 7.72 7.25 5.36
3.0 Minutes

Mean Change (bpm)#* 10.92 8.42 9.63 5.69

Standard Deviation 8.72 8.34 6.81 5.30
4.0 Minutes

Mean Change (bpm)* 10.50 8.67 8.88 5.38

Standard Deviation 8.54 7.80 8.39 5.68
5.0 Minutes

Mean Change (bpm)¥* 10.25 9.92 9.31 5.44

Standard Deviation + 9.03 10.06 6.85 74

*Mean change = standing HR minus supine HR.
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In the hypertensive subject, the heart rate response when moving
from the supine to the standing position mimicked that of the normoten-
sive subject, but to a lesser extent. The preoperative increase in heart
rate was greater than the postoperative one (Table 13). There was a
significant between subjects effect (F = 56.81; df = 1, 15; p < .0005).
A significant effect over minutes was found (F = 4.24; df = 5, 11;

p = .022), but no significant pre/post effect (F = 1.25; df = 1, 15;
p = .282), and no significant interaction between minutes and pre/post
effect was seen (F = 0.25; df = 5, 11; p = .933).

In summary, heart rate response showed a significant main effect
between subjects for the supine to sitting and supine to standing move-
ments. The supine to sitting position change showed a significant change
over time, the supine to standing did not. No significant pre/post
effect was found in either position change.

ﬁormotensive subjects exhibited a main effect between subjects
for both position changes. A preoperative to postoperative effect was
found only when moving from supine to sitting. The hypertensive subject
did not exhibit a change for minutes or pre/post effect in the supine to
sitting movement. Moving from supine to standing resulted in a signifi-

cant change over time for the hypertensive subject.

Hypotheses Testing

Fifteen hypotheses were generated regarding systolic blood
pressure, diastolic blood pressure and heart rate responses to position
change before and after CABG surgery. Paired t tests were used to

compare mean values of each variable with mean supine values for each
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position change. Repeated t tests were performed to test the first 12
hypotheses. Eleven null hypotheses were rejected. Four hypotheses
relating to diastolic blood pressure response could not be rejected. In
the results presented below, t values, degrees of freedom, and levels of
significance are present for each statistically significant result.
Figures depicting the results of hypotheses testing are on pages 111
through 116.
ANOVA with repeated measures was used to test the final three
hypotheses regarding changes for the normotensive and hypertensive
subjects. Detailed results were presented earlier in the chapter. Data

relevant to the stated hypotheses testing are reviewed here.

Hypothesis 1

The null hypothesis tested was: There is no change in systolic
blood pressure when moving from a supine to a sitting position prior to
coronary artery bypass graft (CABG) surgery. A significant decrease in
systolic blood pressure occurred at 0.5 minutes (t = 3.62; df = 29;
p = .001l) and 1 minute (t = 2.77; df = 29; p = .01). From a mean supine
systolic blood pressure of 134.2 mm Hg, upon sitting the systolic blood
pressure reached a low of 127.3 mm Hg at 0.5 minutes and then gradually
increased to 133.1 mm Hg at 4 minutes (Figure 2). Therefore, the null

hypothesis was rejected.

Hypothesis 2
The null hypothesis tested was: There is no change in diastolic
blood pressure when moving from a supine to a sitting position prior tc

CABG surgery. A mean supine diastolic blood pressure of 70.1 mm Hg
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dropped to 69.7 mm Hg after 2 minutes in the sitting position, then
increased to 71.8 mm Hg at 4 minutes (Figure 4). However, there was no
significant change between supine and siFting values (at 2 minutes:

t = 0.32; df = 29; p = .352). Therefore, the null hypothesis for

diastolic blood pressure could not be rejected.

Hypothesis 3

The null hypothesis tested was: There is no change in heart rate
when moving from a supine éo a sitting position prior to CABG surgery.
A mean resting heart rate of 63 beats per minute (bpm) rose to 68.2 bpm
after 1 minute in the sitting position, and remained elevated for the
S5-minute measurement period (Figure 6). The elevation in heart rate was
significant at each point of measurement (p £ .001). Please see Figure

6 for t values and degrees of freedom. The null hypothesis was rejected.

Hypothesis 4

The null hypothesis tested was: There is no change in systolic
blood pressure when moving from a supine to a standing position prior to
CABG surgery. When moving from a supine to a standing position, the mean
systolic blood pressure of 137.0 mm Hg dropped to 126.6 mm Hg at 0.5 min-
utes and then gradually increased to 134.8 mm Hg at minute 3, remaining
at that level for minutes 4 and 5 (Figure 2). The change in blood
pressure was significant at 0.5 minutes (t = 3.72; df = 29; p = .001),
1 minute (t = 2.14; df = 29; p = .041), and 4 minutes (t = 2.09;

df = 29; p = .046). Therefore, the null hypothesis was rejected.
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Hypothesis 5
The null hypothesis tested was: There 1s no change in diastolic
blood pressure when moving from a supine to a standing position prior to
CABG surgery. A mean supine diastolic blood pressure of 72.1 mm Hg rose
to 76.4 mm Hg at 1 minute, then dropped to 73.5 mm Hg at 3 minutes before -
rising again to 75.6 mm Hg at 5 minutes (Figure 4). The increase in
diastolic blood pressure was significant at 1 minute (t = -2.17; df = 29;

p = .038). Therefore, the null hypothesis was rejected.

Hypothesls 6

The null hypothesis tested was: There is no change in heart rate
when moving from a supine to a standing position prior to CABG surgery.
The change in heart rate was significant (p < .0005) at each reading.
Please see Figure 6 for t values and degrees of freedom. A mean supine
heart rate of 63.4 bpm rose to 75.4 bpm at 1 minute, and remained at 73
to 74 bpm at minutes 2 through 5 (Figure 6). The null hypothesis was

rejected.

Hypothesis 7

The null hypothesis tested was: There is no change in systolic
blood pressure when moving from a supine to a sitting position after CABG
surgery. The mean supine systolic blood pressure of 119.9 mm Hg dropped
to 112.9 mm Hg at 0.5 minutes, rose to 115.4 mm Hg at minute 3, and
remained at that level for minutes 4 and 5 (Figure 3). The change in
systolic blood pressure was significant at each measurement. Please see
Figure 3 for t values, degr;es of freedom, and levels of significance.

The null hypothesis was rejected.
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Hypothesis 8
The null hypothesis tested was: There is no change in diastolic
blood pressure after CABG surgery when moving from a supine to a sitting
position. The mean diastolic blood pressure of 61.1 mm Hg increased to
63.0 mm Hg at minute 1 and remained elevated for 5 minutes. The change
in diastolic blood pressure was notvsignificant (£t = -1.52; df = 29;
p = 0.14 at 1 minute) (Figure 5). Therefore, the null hypothesis was

not rejected.

Hypothesis 9

The null hypothesis tested was: There is no change in heart rate
after CABG surgery when moving from a supine to a sitting position. The
mean resting heart rate of 82.3 bpm rose to 85.0 bpm after 1 minute and
remained elevated for 2 to 5 minutes (Figure 7). The change in heart
rate was significant at 0.5 minutes (t = -2.94; df = 29; p = .006) and
1 minute (t = -2.48; df = 29; p = .019). Therefore, the null hypothesis

was rejected.

Hypothesis 10

The null hypothesis tested was: There is no change in systolic
blood pressure after CABG surgery, when moving from a supine to a stand-
ing position. The mean supine systolic blood pressure of 124.9 mm Hg
dropped to 111.1 mm Hg after 0.5 minutes in the standing position, rose
to 115.6 mm Hg after 2 minutes, and remained elevated (Figure 3). The
change from supine was significant at each measurement. Please see
Figure 3 for t values, degrees of freedom, and level of significance.

The null hypothesis was rejected.
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Hypothesis 11
The null hypothesis tested was: There is no change in diastolic
blood pressure when moving from a supine to a standiné position after
CABG surgery. The mean supine diastolic blood pressure of 64.6 mm Hg

dropped at 0.5 minutes, then fluctuated from 63.4 to 65.5 mm Hg at 1 to

"5 minutes (Figure 5). There was no significant change at any point

(t = -.30; df = 24; p = .764 at 5 minutes). Therefore, the null

hypothesis was not rejected.

Hypothesis 12

The null hypothesis tested was: There is no change in heart rate
when moving from a supine to a standing position after CABG surgery. The
mean supine heart rate of 81.2 bpm rose to 89.7 bpm after 1 minute of
standing. The heart rate remained at 88 to 89 bpm for minutes 2 to 5
(Figure 7). The change in heart rate was significant at all measurement
points (p £ .0005). See Figure 7 for t values, degrees of freedom, and

levels of significance. The null hypothesis was rejected.

Hypothesis 13

The null hypothesis tested was: There is no difference in the
systolic blood pressure response to moving from supine to standing
preoperatively and postoperatively for normotensive and hypertensive
subjects. The normotensive subject exhibited a significant main effect
between subjects (F = 20.15; df = 1, 11; p = .001). The hypertensive
subject did not show a significant effect between subjects or within
subjects. The systolic blooé pressure response differed in normotensive

and hypertensive subjects. Therefore the null hypothesis was rejected.
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Figure 2. Mean systolic blood pressure preoperatively when moving from
supine to sitting and supine to standing at 0 to 5 minutes
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Figure 3. Mean systolic blood pressure postoperatively when moving
from supine to sitting and supine to standing at 0 to 5
minutes
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Mean heart rate preoperatively when moving from supine to
sitting and supine to standing at 0 to 5 minutes
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Mean heart rate postoperatively when moving from supine to
sitting and supine to standing at O to 5 minutes
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Hypothesis 14
The null hypothesis tested was: There is no difference in the
diastolic blood pressure response to moving from supine to standing
preoperatively and postoperatively for normotensive and hypertensive
subjects. Normotensive subjects did not exhibit a main effect between
subjects or within subjects. The hypertensive subjects also showed no

change. Therefore the hypothesis was not rejected.

Hypothesis 15

The null hypothesis tested was: There is no difference in the
heart rate response to moving from supine to standing postural change
preoperatively and postoperatively for normotensive and hypertensive
subjects. The normotensive subject exhibited a significant main effect
within subjects means (F = 20.01; df = 1, 11; p = .001) over time. The
hypertensive subject also showed a significant between subjects effect
(F = 56.81; daf = 1, 15; p < .0005). The normative and hypertensive
subjects exhibited within subject effects. Therefore the null hypothesis
was rejected. The hypertensive subject did not exhibit a significant
preoperative and postoperative change, but did show a significant change
over minutes for the supine to standing position change (F = 4.24; df =

5, 11; p = .022). Therefore the null hypothesis was rejected.

Summary

Blood pressure and heart rate responses to postural changes
before and after open heart surgery were examined. The null hypotheses
were not accepted for no change in diastolic blood pressure when moving

from a supine to a sitting position both before and after CABG surgery.
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Null hypotheses for systolic blood pressure and heart rate were rejected
in moving from a supine to a sitting and standing position before and
after CABG surgery. The null hypothesis was rejected for diastolic blood
pressure in moving from a supine to a standing position before CABG
surgery; and not accepted after CABG surgery.

Hypotheses comparing mnormotensive and hypertensive subjects
before and after CABG surgery were rejected. Normotensive subjects
exhibited a main effect between subjects for systolic blood pressure and
heart rate, not for diastolic blood pressure. The hypertensive subjects
did not show a change within subjects for systolic or diastolic show
blood pressure, only for heart rate. Implications of the response

patterns are discussed in the following chapter.
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CHAPTER 5

DISCUSSION, LIMITATIONS, IMPLICATIONS,
AND RECOMMENDATIONS
Conclusions drawn from the results of data analysis are discussed
in relationship to current research. Implications for nursing practice
are reviewed. Limitatlons of the study and recommendations for further

research are presented.

Discussion of Results

Blood pressure is maintained by a negative feedback system. As
the individual stands, pressure in the carotid sinus and aortic arch
decrease, reducing afferent impulses in the vagus and carotid sinus
nerves. This reduction of impulses produces an increase in sympathetic
tone, which increases heart rate, arteriolar constriction, and venocon-
striction. GCardiac output increases and peripheral resistance rises to
return blood pressure to normal (Abel & McCutcheon, 1979).

The body'’s hemodynamic respomses to becoming upright are a
decrease in systolic blood pressure, no change or a slight increase in
diastolic blood pressure, an increase in heart rate, and a fall in
cardiac output (Schatz, 1984). Compensatory mechanisms prevent a
reduction in cerebral blood flow and loss of consciousness. Impacting
the body's response are pharmacologic interventions, autonomic disorders,
immobility, aging, central lesions, and reductions in effective cir-

culating blood volume (Wenger, Hurst, & McIntyre, 1980).
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Hypovolemia reduces left ventricular filling pressures, causing
inadequate stretch of myocardial fibers during diastole (decreased
filling) and lowered cardiac output. Assuming a standing position
produces hemoconcentraﬁion and a plasma volume loss greater than 10%
(Hinghofer-Szalkay & Moser, 1986). Also, Ziegler (1980) reported that
subjects given sufficient Furosemide to cause a weight loss of 1.5 liters
of fluid develop some deg;ee of postural hypotension. In the present
study, 97% of all subjects received Furosemide on postoperative day two
and/or three. The amount of weight loss or gain was not evaluated.

Use of the heart-lung bypass and an expansion of interstitial
fluid volume during cardiac surgery produced hemodilution. However,
postoperative diuretics often decrease the interstitial and the vascular
compartments of extracellular fluid volume. The treatments could danger-
ously lower circulating blood volume (Beattie et al., 1972).

The present study explored the blood pressure and heart rate
responses to postural changes before and after coronary artery bypass
graft (CABG) surgery. Results are compared with other research studies
evaluating responses to sitting and standing positions. Implications for

variable results are given.

Systolic Blood Pressure Response

Systolic blood pressure fell within 30 seconds of each position
change, both before and after CABG surgery. The fall was greater when
moving from a supine to a standing position than a supine to a sitting

position change. Other researchers (Ward et al., 1966; Thomas et al.,
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1981) confirmed the larger drop in systolic blood pressure when moving
from supine to standing.

Postoperative measurements of systolic blood pressure during
postural changes differed from preoperative readings. The initial
decrease in pressure was larger postoperatively and readings remained
lower for the entire measurement period. For all subjects,the supine to
sitting movement produced a significant change over minutes but did not
show a significant preoperative versus postoperative difference. The
supine to standing postural movement was significant over time and showed
a significant difference between preoperative and postoperative results.
The larger orthostatic drop in blood pressure postoperatively may be due
to the impact of surgery, cardiopulmonary bypass, anesthetic agents;
postoperative medications, and immobility. In addition, hypokalemia and
hypovolemia may have been implicated as causative agents for orthostatic
hypotension (Thomas et al., 1981).

A myriad of pharmacologic agents received by the open heart
surgery patient may potentiate the postural drop in blood pressure seen
postoperatively. Anesthetic agents, narcotics, sedatives, antihyperten-
sive agents, calcium-channel blocking agents, and diuretics all impact
the orthostatic response (Susman, 1988). The subjects in the present
study received Tenormin, Furosemide, Lanoxin, and Acetaminophen with
codeine postoperatively. 1In addition, anesthetic agents used for CABG
surgery may not be completely eliminated from the body until four days
postoperatively. Also, cardiopulmonary bypass may prolong the elimina-

tion half-life of anesthetic agents (Streisand & Wong, 1988).
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In addition, CABG surgery may directly affect cardiac perfor-
mance. The hemodynamic changes that occur with the hemodilution of
cardiac surgery include a decrease in systolic blood pressure, increase
in cardiac output, and a decrease in systemic vascular resistance (Urzua
et al., 1985). In London, Hamouratidis and colleagues (1988) showed that
immediately after CABG surgery, abnormalities in left ventricular segmen-
tal wall movement and thickening developed. The abnormalities persisted
at discharge but decreased and were resolved by 6 months postoperatively.
The present study was conducted in the early postoperative period when
the acute impact of cardiac surgery remained. Cardiac surgery and
accompanying sequelae may contribute to postoperative OH.

In Finland, Airaksinen, Ikaheimo, and Takkunen (1987) evaluated
autonomic nervous system involvement after CABG surgery. Heart rate
variability was evaluated, along with left ventricular function and blood
pressure. No significant difference was found between supine and
standing blood pressures, preoperatively or postoperatively, among 39
subjects. However, in contrast to the study presented in this paper,
postoperative data were collected 6 weeks after CABG surgery. This
postoperative time interval may be a factor in the conflicting results.

In examining the overall orthostatic response, Glezer and
Moskalenko (1972) and Moore (1981) found significant decreases in
systolic blood pressure associated with postural changes. Shvartz and
Meyerstein (1970) also found a significant decrease, using a tilt table
to move subjects from supine to a 70 degrees head-up tilt. The present

study is consistent with the above findings.
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Kernnmedy and Crawford (1984) did not find a significant difference
in systolic blood pressure for either position change in normal, healthy
subjects (ages 21 to 35 years). In subjects with ischemic heart disease,
differences were significant oniy with supine to standing postural
changes, not when moving from a supihe to a sitting position. The
subjects in the study presented in this thesis all exhibited a history
of coronéry artery disease. Preoperatively, 67% or more of the subjects
received calcium-channel blocking agents. Postoperatively, all subjects
received narcotics, sedatives, calcium-channel blocking agents and/or
antihypertensives. All of the above have been implicated as functional
causes of orthostatic hypotension (Schatz, 1984). Use of the pharma-
cologic measures may have potentiated the postural changes for each
position change, in contrast to Kennedy and Crawford (1984). Further
study would be necessary to determiné the impact of functional causes of
OH.

Choosing the time interval for measurement of systolic blood
pressures may be important in observing the response to posture changes.
Several authors (Glezer & Moskalenko, 1972, Ward et al., 1966) do not
identify the time intervals used for measurement of data. Lance and
Spodick (1977) and Moore (1981) measured systolic blood pressure 2 min-
utes after a position change. Kuroiwa, Wada, and Tohgi (1987) performed
readings at 0 and 3 minutes. Kennedy and Crawford (1984) measured the
subject’'s blood pressure at 0.5 minutes, 2, 3, 4, and 5 minutes after
position changes. A significant decrease in systolic blood pressure was

noted initially at 0.5 minutes by Kenmedy and Crawford. That time
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interval was substantiated in this study. Initial measurements should
be taken at 0.5 minutes and 2 minutes after a position change.

Normotensive and hypertensive subjects demonstrate opposite
responses to postural changes. Normotensive subjects showed a larger
initial drop in systolic blood pressure preoperatively; for the hyperten-
sive subjects, the postoperative decline was steeper and the pressures
remained lower for 5 minutes. Parati et al. (1988) demonstrated
decreased baroreceptor sensitivity among hypertensive subjects. Blood
pressure during 24-hour ambulatory monitoring was reduced in the hyper-
tensive individual. 1In this study, findings of a large postoperative
drop in systolic blood pressure (in hypertensive subjects) could be due
to a lowered baroreceptor sensitivity.

In addition to the effects of surgery, an individual’s history
may contribute to the systolic blood pressure response. Individuals with
hypertension experience a larger decrease in pressure and thus may
experience increased difficulty with ambulation. Volume and electrolyte
status may further endanger patients and increase the degree of ortho-
static hypotension when standing. As a group, subjects in this study did
not meet criteria for the diagnosis of orthostatic hypotension (i.e., SBP
decrease 2 15-20 mm Hg upon standing). However, the range of responses
was wide. A large standard deviation indicates a wide variability among
individuals. Careful attention to systolic blood pressure when standing
is needed at all times.

Systolic blood pressure did not return to baseline after the

supine to sitting movement postoperatively. Surgery may have impacted
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the response of the ventricle to position change. Three to 6 months are
required to regain baroreflex sensitivity after myocardial infarction
(Rirby, 1977). Surgery may likewise require time for myocardial
recovery. The failure of the subjects to.return to true resting supine
values (SBP, DBP) after surgery may be an indicator of reduced ventricu-
lar function.

Symptoms experienced with the onset of orthostatic hypotension
may or may not be present (Schatz, 1984). One subject, a tall, thin fit
individual with a history of long distance running, exhibited a fall in
systolic blood pressure upon standing from 114 mm Hg to 36 mm Hg. He
remained asymptomatic during the measurement period. Another complained
of feeling clammy and hot as his systolic blood pressure dropped from
129 mm Hg to 76 mm Hg. Other signs are needed to identify the presence

of OH.

Diastolic Blood Pressure Response

Preoperatively, diastolic blood pressure did not change when
moving from supine to the sitting position, but increased after moving
to a standing position. Postoperatively, the sitting or standing posi-
tions did not produce a change in diastolic blood pressure. Glezer and
Moskalenko (1972) found a significant increase in diastolic pressure (in
healthy subjects) when moving from a supine to an ‘upright’ position--
comparisons of sitting and standing positions were not given. Moore
(1981) did not find a significant change in diastolic blood pressure,
Kennedy and Crawford (1984) found a significant increase in diastolic

blood pressure in healthy subjects, but no change in subjects with
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ischemic heart disease. The present study produced mixed results, as do
the above studies in the literature. Other studies (Ward et al., 1966;
Kuroiwa et al., 1987) report mean blood pressure changes rather than
systolic and diastolic blood pressure.

Why was there no increase in diastolic blood pressure postopera-
tively? Kemnedy and Crawford (1984) also found no change in subjects
with ischemic heart disease. Kirby (1977) showed that patients with an
acute myocardial infarction do not experience a rise in the diastolic
blood pressure with valsalva maneuvers, and attributed this finding to
an impairment of vasoconstriction. The impairment implies an alteration
of the baroreceptor reflex. None of the patients in this study expe-
rienced an acute myocardial infarction. Thirty-three percent had
documented evidence of a prior myocardial infarction. Schwartz et al.
(1988) reported that baroreflex sensitivity was lower in postinfarction
patients than in control patients for up to three months.‘ The subjects
in the present study may have experienced some depression of baroreflex
sensitivity,

Further analysis of this population of subjects could include
assessment of mean arterial pressure. Postural changes produce a periph-
eral pooling of blood which reduces venous return and stroke volume.
Mean arterial pressure would better identify adequate cerebral perfusion
than systolic or diastolic blood pressure. Ward et al. (1966) found that
each subject who fainted with standing exhibited a reduction in mean
arterial pressure; for those who did not faint the mean arterial pressure

increased. A reduction in total peripheral resistance produced a fall
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in stroke volume and cardiac output. Mean arterial pressure is a further

parameter to assess in evaluating cardiac performance.

Heart Rate Response

Heart rate response to postural changes followed a stepwise
progression. Moving from a supine to a sitting position produced an
acceleration of heart rate that peaked at 1 minute and remained elevated
for 5 minutes. Moving from a supine to a standing position further
increased the heart rate. |

Kennedy and Crawford (1984) confirmed the present findings of a
larger increase in heart rate for the supine to standing movement than
the supine to sitting. Ward and colleagues (1966) defined the variation.
In Ward’'s study, moving from supine to sitting produced an 18% increase
in heart rate. When moving from supine to standing, a 35% increase in
heart rate occurréd. Findings of Lance and Spodick (1977) also agree
with the present study.

Comparing preoperative and postoperative results, the preopera-
tive response produced a greater increase in heart rate than the post-
operative. Preoperative to postoperative differences were found only in
the normotensive subjects when moving from a supine to a sitting posi-
tiom. ﬁeart rate responses for the normotensive and hypertensive sub-
jects showed a main effect between subject means. For the normotensive
subject, a difference occurred between preoperative and postoperative
responses for the supine to sitting position change. For the supine to
standing position change, other factors not tested may be responsible for

the between subjects effect. Intake and output variations, weight
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changes before and after surgery, electrolyte levels and hematocrit
levels may affect the orthostatic response. As the postoperative cardiac
surgery patient experiences extracellular fluid volume expansion (Beattie
et al., 1972), intracellular hypokalemia, weight gain, and intravascular
volume depletion may all occur.

Heart rate control is subject to sympathetic and parasympathetic
control. Airaksinen et al. (1987) showed that impairment of parasym-
pathetic heart rate control is common after coronary artery bypass graft
(CABG) surgery. In their study of 39 men undergoing CABG surgery, 25
(64%) experienced a diminished heart rate response to deep breathing and
a reduced response to standing. The authors theorized the abnormal
response may be due to inadequate myocardial and atrial preservation,
central nervous system complications, or direct injury to nerve fibers
on the sinus node (Airaksinen et al., 1987). The above factors may
contribute to the between subjects effect seen in the heart rate response
for all subjects and for the subgroups of normotensive and hypertensive
subjects.

Kirby (1977) examined the baroreceptor reflex by performing the
valsalva maneuver in patients with acute myocardial infarction. Thir-
teen of 22 patients exhibited an impaired heart rate response. He
associated the reduced heart rate response with a smaller rise in
diastolic blood pressure, and identified three possible causes for the
impairment: aging, impairment of nerve transmission or response, to
sympathetic stimulation, and central inhibition of the baroreceptor

reflex. In the study presented here of postural responses before anc
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after CABG surgery, both a reduced heart rate response and a failure of
the diastolic blood pressure to rise were noted postoperatively.

Recent emphasis on the role of the autonomic nervous system in
cardiac stability has intrigued researchers. Sudden cardiac death has
been attributed to autonomic dysfunction. Sympathetic activity has been
shown to predispose the heart to ventricular fibrillation. In contrast,
vagal activity increases the fibrillation threshold and protects the
heart against malignant tachydysrhythmias (Singer et al., 1988). Further
work with sinus arrhythmia measurements enabled researchers to use the
measurement of sinus arrhythmia as an index of parasympathetic activity
in humans.

Goldstein et al. (1975) examined parasympathetic control of heart
rate. The authors found that heart rate responsiveness decreases
progressively as cardiac dysfunction increases. Abnormal heart rate
response in cardiac patients may be a factor in the study presented here,
where postoperative responses are reduced from preoperative ones.

From the studies of vagal stimulation of sinus arrhythmia have
come studies of heart rate variability. Variability of heart rate has
been documented in individuals with normal hearts; lowered heart rate
variability has been seen in people with severe coronary artery disease,
congestive failure, and diabetic neuropathy (Bigger et al., 1988).
Recent studies (Kleiger, Miller, Bigger, & Moss, 1987; Bigger et al.,
1988) have documented that heart rate variability is a predictor of long-
term survival after an acute myocardial infarction. The risk of mortai-
ity was 5.3 times higher in the group of myocardial infarction patients

with the lowest heart rate variability. Low heart rate variability is
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associated with depressed cardiac parasympathetic function. Abnormal
parasympathetic function may be a.factor in the present study, where the
majority of subjects have a history of myocardial infarction, and all
have been diagnosed with coronary artery disease.

Lombardi et al. (1987) analyzed beat to beat oscillations of the
cardiac cycle in patients with an acute myocardial infarction. The
authors found reduced R to R variance, and therefore altered sympatho-
vagal regulatory outflow 2 weeks after an acute myocardial infarction.
Normal sympathetic/vagal interactions returned at 6 months postmyocardial
infarction. Schwartz et al. (1988) corroborated theéé findings, by
showing that baroreflex sensitivity returned to near control levels 3
months after infarction. For subjects in the present study, the
myocardial infarction in their history occurred from 2 months to several
years prior to this admission.

In summary, regulation of blood pressure and heart rate required
mechanisms for responding to everyday living situations. In response to
postural changes, systolic blood pressure drops initially and then
gradually rises. Postoperatively, the recovery of systolic pressure is
reduced. Diastolic blood pressure varies little preoperatively or
postoperatively. Heart rate response is lessened postoperatively.
Several theories have been presented as possib}e causes, although the

present study cannot form causal determinants from the data collected.
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Limitations of the Study

Limitations of the current study include:

The use of a convenience sample. The selection of subjects for
the study was taken from individuals admitted to a teaching
hospital who agreed to participate in the study. A wider
distribution of males and females would be preferred. A random
sample would be preferred.

The sample size limited generalizability. A larger sample size
would allow determination of causal factors upon test results.
Data collection postoperatively was difficult for one individual
to manage. A second researcher would enable timing of data
collection to be more precise. Stabilizing the postoperative
subject in a standing position would be facilitated by the
presence of a second researcher.

Data collection was carried out in the subject’s room. It was
difficult to>eliminate noise, distractions, visitors, and staff.
Resting supine values may therefore not be true resting values.
Preoperative and postoperative data were collected at opposing
times of the day. Because of diurnal blood pressure and heart
rate variations, improved accuracy of results would be obtained
with data collected at identical times (Littler, 1979).

Random selection of the upright position to be performed first
did not occur. Varying the procedure order would enhance the

experimental design.
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7. Intermittent sampling of blood pressure and heart rate responses.

Continuous measurement of heart rate and blood pressure would
ensure a complete data base of postural responses.

8. No control of anesthetic agents or medication administration was

possible.

. Implications for Nursing Practice

Although'the incidence of heart disease is being reduced in
America today, coronary artery bypass graft surgery continues to be very
popular. Repeat operations for restenosis and the increased longevity
of the population reinforces the need for CABG surgery. Nurses caring
for these patients strive to improve the quality of care they deliver.
As health care costs rise, early discharge remains a viable means for
hospitals to contain costs.

Early mobilization of the CABG surgery patient is one means of
hastening the postoperative recovery process. The present study has
shown that patients will experience systolic hypotension and increased
heart rate. A wide range exists for the blood pressure and heart rate
response (large standard deviation). Research has not shown a correla-
tion between symptoms and the degree of orthostatic response (Thomas et
al., 1981). 1In ambulating the postoperative CABG surgery patient, the
nurse must perform changes in position slowly, allowing 1 to 2 minutes
for stabilization of vital signs. The nurse could ensure the patient is
wearing antiembolic stockings, if ordered, to increase venous return.

Also, the nurse may encourage the patient to actively move the lower
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extremities, both in and out of bed, to increase muscular effort and
reduce peripheral pooling.

Movement from supine to sitting will be tolerated better than
supine to standing. Should the nurses suspect a poor postural response,
the nurse may obtain orthostatic vital signs and record the results on
the graphic record of the patient’s chart. For patients who exhibit a
dramatic drop in systolic blood pressure, the nurse should remain with
the patient until the blood pressure has stabilized and any symptoms
resolved.

Nurses caring for CABG surgery patients would benefit from
understanding the normal response to position changes and the response
of the CABG patients (systolic blood pressure lowered more postopera-
tively, little or no change in diastolic blood pressure, reduced heart
rate responsiveness postoperatively). The impact of myocardial infarc-
tion, diabetes mellitus, or hypertension in the CABG surgery patient may
potentiate or alter the postural response. Understanding the role of
heart rate responsiveness in the myocardial infarction patient would
allow the nurse to anticipate the response to postural changes and to
plan alternatives.

The occurrence of orthostatic intolerance, or the potential for
it, may be included in the patient's care plan with appropriate outcome
measurements. A teaching plan for critical care and telemetry nurses
could include precipitating causes and physiologic responses leading to
orthostatic intolerance in CABG surgery patients, and proposed interven-

tions.
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Recommendations for Further Study

Areas for further study and investigation based on the current

study are developed. The suggestions include:

1.

2.

Replication of the study with a larger sample size.

Replication of the study to identify causal factors (electro-
lytes, hematocrit, medications) and to explore the impact of
volume status on the postoperative orthostatic response.

Use of intra-arterial blood pressure monitoring to document
direct changes in arterial pressure.

Comparison of early and late orthostatic responses during the
postoperative surgery course, extending beyond 72 hours.
Continuous heart rate monitoring to identify early (less than 30
seconds) heart rate variations in response to postural changes.
Random ordering of position changes to improve the wvalidity of
the test.

Replace subjects with missing wvalues with subjects with a
complete data set.

Obtain true supine values postoperatively prior to the supine to
standing movement.

Replication of the study with healthy individuals undergoing
elective,—vooncardiac surgery, to identify responses for the

healthy versus the cardiac patient.

Summary

Systolic blood pressure, diastolic blood pressure, and heart rate

have been examined when moving from supine to sitting and supine to
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standing. Systolic blood pressure dropped more postoperatively than pre-
operatively. 1In the hypertensive subject, the fall in systolic blood
pressure was even more acute, and the return to baseline blunted. Dia-
stolic blood pressure did not change significantly in the preoperative
or postoperative measu;:ement period. Heart rate rose with postural
changes, but postoperatively the heart rate response was reduced.
Abnormalities in parasympathetic nervous control were cited as a possible
cause for the lowered response, -T;e implication for nursing practice is
that the nurse caring for the CABG surgery patient understand the normal

response to postural changes, identify abnormal responses, and choose the

appropriate nursing intervention.
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APPENDIX A

LETTER OF APPROVAL FROM HUMAN SUBJECTS
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THE UNIVERSITY OF
Human Subject Committee ARIZONA 1690 N.. Warren (Bldg. 526B)
HEAUTH Sciences CENTER Tucson, Arizona 85724
—————— (602) 626-6721 or 626-7575

12 February 1990

Arnette Sandland Lester, R.N., B.S.N., C.C.R.N.
c/o Cheryl Cahill, Ph.D., R.N.

College of Nursing

Arizona Health Sciences Center

RE: HSC #A90.20 ORTHOSTATIC BRLOOD PRESSURE AND HEART RATE RESPONSES AFTER
CORONARY ARTERY BYPASS GRAFT SURGERY

Dear Ms. Lester:

We received your above referenced project. The procedures to be followed in
this r1Ludy pose no more than minimal risk to participating subjects. Regu-
lations issued by the U.S. Department of Health and Human Services [45 CFR Part
46.110(b)] authorize approval of this type project through the expedited review
procedures, with the condition(s) that subjects' anonymity be maintained. Although
full Committee review is not required, a brief summary of the project procedures
is submitted to the Committee for their endorsement and/or comment, if any,
after administrative approval is granted. This project is approved for one year
effective 12 February 1990.

The Human Subjects Committee (Institutional Review Board) of the University of
Arizona has a current assurance of compliance, number M-1233, which is on file
with the Department of Health and Human Services and covers this activity.

Approval is granted with the understanding that no changes or additions will be
made in study personnel, to the procedures followed or to the consent form(s)
used (copies of which we have on file) without the knowledge and approval of the
Human Subjects Committee and your College or Departmental Review Committee. Any
research related physical or psychological harm to any subject must also be
reported to each committee. '

A university policy requires that all signed subject consent forms be kept in a
permanent file in an area designated for that purpose by the Department Head or
comparable authority. This will assure their accessibility in the event that
university officials require the information and the principal investigator is
unavailable for some reason.

Sincerely yours,

M. Vroelo

Milan Novak, M.D., Ph.D.
Chairman
Human Subjects Committee

M/ms

cc: Departmental/College Review Committee
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It is only necessary for the subjects to sign the consent form approved
by our (University of Arizona) Committee.

Eventhough a project is approved at another site, the consent form must conform
to that required at the site of the actual research.

1f this research is done at the University of Washington it will be necessary
to use the consent form approved by their IRB.

1 am returning your U of W form. It is not needed for our files.

If you have any questions concerning the above, please ‘contact this office.

Sincerely yowrs, s

M booe Swie

Marlene Smith

Program Coordinator
Human Subjects Committee
6-6721

cc: Carolyn Murdaugh, Ph.D., R.N.
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/4
“' University Hospital
y J University of Washington

DIVISION OF NURSING
AA310 RC=36
February 14, 1990

Ms. Arnette lLester
P.O. Box 1139
Seattle, WA 98111

Dear Ms. Lester:

I have received your proposal for the research study entitled,
"orthostatic BP and HR after CABG Surgery". The study is consistent
with the goals of our institution and we agree to provide the
resources requested of us for its conduct, including access to study
subjects. Please contact me to begin data collection. Also, please
inform us of any changes in study procedures or difficulties
encountered in the conduct of the research in our institution.

Upon completion of the project, please contact me to arrange for
dissemination of the study findings to the nursing staff. Also,
please submit to me a copy of the written final report of the project
so that it can be made available to nursing staff. If we can be of
further assistance to you, please contact us.

Sincerely,

/(,Mza) d%fmzz"

Linda Kent, R.N., M.N.

Director, Nursing Staff Development
Coordinator, Nursing Research
University Hospital

LK:bt

cc: Debra Tesch, Manager -
Data Quality & Control
Patient Data Services, RC-10

studylet:pg 3:ibm:1k
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UNIVERSITY OF WASHINGTON
CONSENT FORM

ORTHOSTATIC BLOOD PRESSURE AND HEART RATE RESPONSES AFTER
CORONARY ARTERY BYPASS GRAFT SURGERY.

Investigator: Arnette S, Lester, R.N., BSN, Graduate Student
Visiting Graduate - Department of Physiological
Nursing

Telephone: (206) 932-6518

Investigator’s Statement

PURPOSE AND BENEFITS

The purpose of this nursing research study is to measure the heart rate and
blood pressure response to moving from a supine (flat) position to a sitting
and to a standing position in patients undergoing coronary artery bypass
graft surgery. The results may assist the nurse in providing improved care
to you and to other coronary artery bypass graft surgery patients.

PROCEDURES

If you agree to participate, the investigator will come to your room the day
before surgery to explain the study and obtain your consent. The inves-
tigator will obtain your permission to review your medical chart to review
your medical history and to obtain your current laboratory values and your
daily weight.

The evening before surgery the investigator will obtain baseline measure-
ments. She will ask you to lie quietly in your bed with your head flat (one
pillow) for about 5 minutes. The investigator will cleanse your skin with a
common skin preparation and apply 3 to 5 electrodes to your chest to monitor
your heartrate during the procedure. Your blood pressure and heart rate will
be taken while you are lying flat. Next you will be asked to sit on the edge
of the bed for S5 minutes while your blood pressure and heart rate are
measured. Then you will be asked to lie flat again for five minutes, and
then to stand at the edge of the bed for 5 minutes. Your blood pressure and
heart rate will be nmeasured in each position. The time for the entire
procedure will be about 30 minutes. The same procedure will be repeated on
the second (or third) day after your surgery, and will take about 30 minutes.
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RISKS, STRESS, AND DISCOMFORT

You may experience chest discomfort as the head of the bed is lowered to the
flat position. The discomfort usually subsides after the movement stops.
When you sit or stand you may experience a feeling of faintness, dizziness,
or extreme weakness. Your blood pressure may drop and your heart rate rise.
A nurse will be with you at all times. You will be helped to a reclining
position if the above symptoms do not disappear spontaneously. The nurse
will remain with you until your symptoms have resolved and your vital signs
return to normal.

OTHER INFORMATION

You may refuse to participate and may withdraw from this study at any time
without penalty or loss of benefits to which you are otherwise entitled.
Your decisfon will not affect the care you receive.

Your identity is confidential. Only the investigator will have access to the
study data. Data will be retained for one year. The research study is being
undertaken in partial fulfillment of the graduate requirements of the School
of Nursing. Only group data and summary results will be published

Signacture of Investigator Date

ubject’s Statement

The study described above has been explained to me. I.voluntarily consent to
participate in this activity. I have had an opportunity to ask all the
questions I desired. I understand that future questions I may have at any
time about the research or about my rights as a subject will be answered by
the investigator listed above (Arnette Lester).

Bignature of Subject Date

Coples to: Subject
Investigator’s File




APPENDIX D

DATA COLLECTION PROTOCOL

144




DATA COLLECTION PROTOCOL
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POSITION

MINUTES MEASUREMENT/PROCEDURES

Supine

Sitting

Supine

Standing

O & W NN PP OO0 o U1 > W N

o Ol & W N B O

O W NN BB O

Assume supine position
Locate and mark phlebostatic axis
Apply ECG electrodes

Blood pressure/heart rate measurements
Blood pressure/heart rate measurements

Position subject @ bedside

Blood pressure/heart rate measurements
Blood pressure/heart rate measurements
Blood pressure/heart rate measurements
Blood pressure/heart rate measurements
Blood pressure/heart rate measurements
Blood pressure/heart rate measurements

Reposition subject

Blood pressure/heart rate measurements
Blood pressure/heart rate measurements

Stand subject @ bedside; position overbed
table

Blood pressure/heart rate measurements
Blood pressure/heart rate measurements
Blood pressure/heart rate measurements
Blood pressure/heart rate measurements
Blood pressure/heart rate measurements
Blood pressure/heart rate measurements
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PHYSICAL MEASUREMENT RECORD

Code Number:
Date of Test:
Preop Day: ¥ N
Postop Day:#
Time:

POSITION MINUTES MEASUREMENT /PROCEDURES SYMPTOMS
Supine )

BP

5

Sitting

()]

BP
BP
BP
BP
BP
BP

HEREER

Supine

BP
BP

O > W D P OO b W NP OO U » WNBR

5 B

Standing

.
(&)

BP
BP
BP
BP,
BP
BP

HEEERR
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Resting Blood Code Number
Pressure: Right Arm Age
Left Arm Sex _ M _F
Resting Heart Rate: Date of Adm
Date of Surgery
History:
1. Heart Attack __Yes __No
Explain:
Date:
2. Hypertension _Yes __No
Treatment:
3. Stroke _Yes __No
Date:
4. TIA __Yes __No
5. Amyloidosis __Yes __No
6. Pernicious anemia __Yes __No
7. Pregnancy __Yes __No
Date:
8. Gastrectomy __Yes __No
9. Sympathectomy __Yes __No
10. Diabetes Mellitus __Yes __No
11. Parkinson’s __Yes __No
12. COPD __Yes __No
13. Weight Loss (10 1lbs/6 months) __Yes __No
14. Varicose Veins __Yes __No
15. Cancer __Yes __No
Explain:
l6. Other Yes No

Explain:
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17. Other __Yes __No
Explain:
18. Preoperative Medications
a. e.
b.
c. g.
da. h.
19. Anesthetic agents
a. c.
b. d.

Symptoms: Please explain if you have experienced any of the
following symptoms in the past year:

1. Dizziness __Yes __No
Explain

2. Syncope/Fainting __Yes __No
Explain

3. Headache __Yes __No
Explain

4. Extreme Weakness __Yes __No
Explain

5. Other:

6. Other:
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Code Number:

DATA

ADMIT
DAY

POSTOP
DAY 2

POSTOP
DAY 3

MISC.

A.M. Weight to nearest 0.1 Kg
Scale serial #

Hemoglobin

Hematocrit
Narcotic Administration

Morphine - # of doses
Total mg/24°

Percocet - # of doses
Total mg/24°

Tylenol #3 - # of doses
Total mg/24°

Other - Name:

Total mg/24°

Other - Name:

Total mg/24°

Diuretic Administration
Lasix - Total mg/24°
Other - Name:

Total mg/24°

Tranquilizer Administration

Name:
Dose
Total mg/24°
Intake
Output
Urine specific gravity
Electrolytes: Na
+
K
Cl
Other:
Other:
Other:

Other:
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Preoperative Postoperative
SBP DBP HR SBP DBP HR
Code #52
Supine 120 68 58 118 72 83
Sitting 0.5 122 78 67 102 58 88
" 1.0 112 74 68 112 66 91
" 2.0 110 74 68 114 66 88
" 3.0 120 84 68 112 66 86
" 4.0 126 82 68 112 64 86
" 5.0 124 84 65 104 66 86
Supine 128 70 59 132 74 86
Standing 0.5 124 84 79 106 64 91
" 1.0 136 96 75 108 72 83
" 2.0 146 100 71 116 74 88
" 3.0 142 100 71 118 72 88
" 4.0 146 98 71 112 72 88
" 5.0 136 102 71 122 72 88
Code #33
Supine 132 80 67 112 62 83
Sitting 0.5 130 70 70 118 60 86
" 1.0 136 80 65 116 62 83
" 2.0 140 74 70 114 60 79
" 3.0 140 74 68 118 64 83
" 4.0 142 82 68 102 60 83
" 5.0 134 84 73 108 62 81
Supine 144 78 63 132 64 79
Standing 0.5 142 90 81 136 66 88
" 1.0 152 90 88 136 72 88
v 2.0 156 108 79 142 72 86
" 3.0 166 90 79 110 64 83
" 4.0 142 80 79 104 60 8¢
" 5.0 140 86 75 --- --- 88
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Preoperative Postoperative
SBP DBP HR SBP DBP HR
Code #56
Supine 114 62 68 98 52 97
Sitting 0.5 92 60 75 96 56 107
v 1.0 102 64 75 102 66 100
" 2.0 112 62 83 84 54 100
" 3.0 108 62 75 96 52 107
v 4.0 102 60 73 98 56 97
" 5.0 110 62 75 96 56 103
Supine 124 72 71 118 60 100
Standing 0.5 106 72 94 82 52 125
" 1.0 122 78 97 92 54 130
" 2.0 126 72 100 100 54 125
" 3.0 124 74 88 92 58 125
" 4.0 114 72 91 94 62 125
" 5.0 98 62 94 92 64 125
Code #57
Supine 130 62 61 118 58 79
Sitting 0.5 110 60 59 108 64 81
" 1.0 108 62 61 108 64 82
" 2.0 108 56 61 114 66 82
" 3.0 122 60 60 118 66 80
" 4.0 118 58 63 124 66 83
" 5.0 116 62 61 124 64 83
Supine 128 66 58 118 62 77
Standing 0.5 102 60 65 102 62 88
" 1.0 116 64 69 108 64 87
" 2.0 112 62 70 112 68 80
" 3.0 120 62 71 116 64 88
" 4.0 114 58 67 102 72 88
" 5.0 114 62 67 108 66 8¢
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Preoperative Postoperative
SBP DBP HR SBP DBP HR
Code #58
Supine 138 68 58 116 62 70
Sitting 0.5 116 64 64 120 60 72
" 1.0 124 64 68 110 60 69
" 2.0 142 66 67 128 64 70
" 3.0 120 66 58 128 64 71
" 4.0 134 70 65 120 62 72
" 5.0 130 70 65 116 62 70
Supine 130 70 60 132 64 70
Standing 0.5 138 72 68 118 76 71
" 1.0 144 76 71 140 72 94
" 2.0 158 76 65 154 74 72
v 3.0 140 76 68 156 80 73
" 4.0 152 74 60 160 74 72
" 5.0 142 74 70 160 78 70
Code #59
Supine 121 76 77 128 56 94
Sitting 0.5 102 64 91 114 62 88
" 1.0 112 62 97 124 58 100
" 2.0 116 62 94 112 62 96
v 3.0 110 66 94 116 62 100
" 4.0 122 62 94 124 64 99
" 5.0 112 58 91 134 62 100
Supine 134 74 75 132 56 94
Standing 0.5 104 66 100 122 62 103
" 1.0 112 64 107 122 56 100
v 2.0 144 66 107 122 60 100
" 3.0 128 72 107 124 56 102
" 4.0 114 74 111 116 58 100
" 5.0 138 64 104 --- --- 10C




157

Preoperative Postoperative
SBP DBP HR SBP DBP HR
Code #60
Supine 126 68 60 116 58 79
Sitting 0.5 120 62 66 112 72 88
" 1.0 112 62 70 122 72 88
" 2.0 128 62 65 120 72 88
" 3.0 124 64 67 116 70 87
" 4.0 122 72 72 118 66 83
" 5.0, 136 76 71 113 64 84
Supine 128 70 57 124 70 77
Standing 0.5 114 66 78 112 72 94
" 1.0 116 68 82 114 72 91
" 2.0 122 64 83 116 72 89
" 3.0 134 70 74 112 72 89
" 4.0 132 68 77 112 72 90
" 5.0 118 82 79 90 70 90
Code #61
Supine 142 50 61 96 46 63
Sitting 0.5 134 60 61 104 64 68
" 1.0 132 64 62 108 62 73
" 2.0 136 60 60 86 62 68
v 3.0 136 64 59 98 60 54
" 4.0 140 64 59 82 66 54
" 5.0 140 54 59 94 58 55
Supine 138 40 58 112 62 54
Standing 0.5 132 58 69 --- --- 76
" 1.0 132 64 67 --- --- 72
" 2.0 140 58 65 122 72 70
" 3.0 130 52 67 108 74 67
" 4.0 134 56 65 106 78 ---
" 5.0 116 56 65 --- --- ---
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Preoperative Postoperative
SBP DBP HR SBP - DBP HR
Code #62
Supine 136 64 66 110 58 83
Sitting 0.5 118 56 54 108 54 88
" 1.0 124 58 54 110 56 91
" 2.0 126 60 56 112 56 91
v 3.0 124 62 64 110 54 88
u 4.0 134 58 61 108 56 88
» 5.0 134 60 62 107 54 88
Supine 138 64 64 112 54 86
Standing 0.5 112 62 65 104 60 88
u 1.0 128 62 67 102 56 97
" 2.0 132 64 69 100 56 97
" 3.0 122 64 67 102 54 95
u 4.0 120 62 68 106 58 97
" 5.0 120 64 68 104 54 94
Code #63
Supine 116 72 72 96 50 84
Sitting 0.5 118 68 65 88 56 86
" 1.0 124 74 66 94 58 83
" 2.0 118 70 64 92 56 85
" 3.0 118 72 66 90 54 82
" 4.0 116 70 67 92 60 83
" 5.0 122 72 68 85 58 82
Supine 112 76 68 90 52 83
Standing 0.5 110 70 68 92 62 91
" 1.0 112 70 73 88 54 87
" 2.0 112 70 70 88 52 85
" 3.0 116 70 70 86 56 86
" 4.0 106 66 69 83 56 82
" 5.0 111 64 68 88 54 84







