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ABSTRACT
Purpose
The primary research question was: What are the effects of first-time bedside dangling on
mixed venous oxygen saturation (SvO2), heart rate (HR), blood pressure (BP), stroke
volume (SV), and arterial oxygen saturation (SaO2) in postoperative coronary artery
bypass graft surgery male patients?
Methodology
Design. A prospective, repeated measures non-experimental design was used.
Pilot. A pilot study of 19 subjects was completed to test the procedures and
instrumentation, and to obtain data on which to calculate the sample size for the main
trial. Sample. Males over the age of 18 years, able to speak and read English, and having
first-time CABG surgery were recruited. Based on pilot data, with the level of
significance set at alpha = 0.05 and apower of 0.90, the sample size was calculated to be
51; however, 55 subjects were recruited to add more data in the case of missing values.
Outcomes. The primary outcome variables were SvO2, HR, BP, SaO2,and change in SV.
KR, BP, and SaO2 data were collected from the Marquette bedside monitor. SvO2 was
measured by ablood gas sample from the distal port of the pulmonary artery catheter.
The change in SV was calculated using thoracic impedance. Procedure. A set of baseline
measurements was obtained on all subjects while lying supine in bed. Subjects were then
assisted into the dangling position and asecond set of measurements was done
immediately. After 5minutes of dangling athird set of measurements was performed and
subjects were assisted back into the supine position. A fourth set of measurements was
performed immediately after the subjects were supine and the measures repeated for the
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fifth time after 10 minutes. Data Analysis. Sample demographic and clinical data were
analyzed using descriptive statistics. A repeated measures ANOVA was used to test time
differences. From there paired t-tests were performed for each time interval to determine
where the significant changes occurred.
Results
55 male subjects were recruited into the study. The mean age was 64 yrs (SD 10.9) and
dangled 5-58 hrs (mean 13.2; SD 9.8) postoperatively. A repeated-measures ANOVA
showed asignificant time effect for HR (F(4, 216) =27.13, p<0.00 1), SBP (F(4, 216)
5.39, p<O.oOl), DBP (F(4,216)
5V02 (F(4, 204)

=

=

15.17, p<O.001), MAP (F(4,216)

103.36, p<cL0O1), and SV (F(4, 188)

=

=

13.19, p<0.001),

16.92, p<O.00I), but not for

SaO2.
Conclusion
When postoperative CABG male patients are dangled for the first time, they experience
orthostatic intolerance as evidenced by adrop in SV of about 20%. Compensatory
mechanisms quickly respond and attempt to maintain CO through an increase in HR and
increase in systemic vascular resistance (BP). Dangling involves increased oxygen
consumption as evidenced by the drop in SvO2.Most patients recover to their baseline
levels within 10 minutes of returning to the supine position. Nurses must be cognizant
that this routine intervention may not be innocuous. Close monitoring of patients is
essential, and with some (e.g., those with low baseline SvO2 levels), agraduated
approach to dangling should be considered.
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EPIGRAPH

For us who nurse, our nursing is athing which, unless in it we are making
progress every year, every month, every week, take my wordfor it, we are
going back.
Florence Nightingale, 1893
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CHAPTER ONE: INTRODUCTION
Heart disease is amajor cause of morbidity and mortality in Canada (Statistics
Canada, 2001). Patients undergo coronary artery bypass graft (CABG) surgery to
alleviate the symptoms caused by coronary artery disease and to improve their quality of
life. The nursing knowledge associated with caring for cardiac surgical patients is
becoming increasingly complex. Nurses are required to be increasingly knowledgeable
about pathophysiologic mechanisms, pharmacologic therapy, and physical management
of postoperative CABG surgical patients. Further, the state of monitoring technology that
provides nurses and other members of the health care team with the ability to rapidly
determine and monitor numerous cardiopulmonary and tissue oxygenation parameters at
the bedside, is ever changing.
Assessment and monitoring of the adequacy of hemodynamic and oxygenation
parameters are of primary importance in the nursing care and management of patients
following CABG surgery. Technology now permits bedside monitoring of heart rate
(HR), direct blood pressure (BP), arterial oxygen saturation (SaO2) as measured by pulse
oximetry (SpO2)and mixed venous oxygen saturation (SvO2), and stroke volume (SV) to
closely assess overall tissue oxygenation. From these measurements nursing and other
interventions can be aimed at optimizing oxygenation. (A number of abbreviations are
used throughout this thesis. A glossary of abbreviations can be found in Appendix A.)
Despite these technological advances in assessing hemodynamic stability and
oxygenation, nurses are often not aware of the impact of common nursing interventions
on these parameters. For example, little is known about the effect acommon and
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fundamental nursing intervention (dangling) has on the status of the postoperative
cardiac patient.
Background
Profiles of the cardiac surgical patient population are changing. Increasingly
higher risk patients are presenting for CABG surgery; surgical patients have become
older and their conditions more unstable and complex (Warner et al., 1997). The factors
that place patients at higher risk for morbidity and mortality following CABG surgery
include: impaired left ventricular function, co-morbidity, increased age, sex, reoperation,
and emergency surgery (dough et al., 2002; Earp & Mallia, 1997; Jones, Weintraub,
Craver, Guyton, Cohen, 1991; Vaska, 1997). Preoperative left ventricular dysfunction
predisposes the patient to the possibility of low cardiac output and left ventricular failure
postoperatively. Co-morbid conditions of diabetes, vascular disease, chronic obstructive
pulmonary disease (COPD), and renal failure are significantly associated with in-hospital
mortality (Clough et al., 2002).
Older patients with other medical illnesses and women are at increased risk for
delayed extubation (Doering, 1997) and prolonged length of hospital stay (Jones et al.,
1991). Further, reoperations are technically more difficult because of the fibrous tissue
from the previous operation and emergent versus elective status places patients at higher
risk for morbidity and mortality (Jones et al., 1991). Surgical revascularization under
emergency conditions differs in character from procedures planned and performed
electively. In an emergent situation operative mortality approaches 100% if the patient is
in cardiogenic shock or if cardiac arrest has occurred. The risk of bleeding is also greater
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if thrombolytic therapy has been administered in the immediate preoperative period
(Finkelmeier, 2000).
Nursing activities associated with optimum postoperative care are (1) recognizing,
monitoring, and assessing essential physiological parameters, (2) anticipating potential
hemodynamic or pulmonary dysfunction, (3) detecting deviations from acceptable
ranges, and (4) intervening appropriately to reestablish homeostasis (Daily, 1994). An
important responsibility of cardiovascular nurses is to assess cardiopulmonary function in
postoperative cardiac surgical patients and maintain or restore optimum balance between
oxygen supply and consumption. Early mobilization postoperatively is performed
routinely because nurses believe that this intervention facilitates tissue oxygenation and
prevents complications such as atelectasis (Jenkins & Soutar, 1986).
Nurses monitor the parameters that affect oxygen supply and oxygen consumption
during avariety of therapeutic interventions, such as mobilization, to make clinical
judgments regarding their efficacy, timing, and duration. Nurses, as knowledgeable and
responsible practitioners, must analyze treatment plans and evaluate potential risks to
determine whether they are effective in decreasing and preventing postoperative
complications. Treatment plans then must be based on clinical outcomes.
Assessment of cardiopulmonary function is the basis for appropriate nursing and
medical management. Effective monitoring requires using specific monitoring
techniques (i.e., technological, physical assessment skills) recognizing when particular
deviations occur. Maintaining abalance between myocardial oxygen supply and demand
is imperative in the postoperative time during which the myocardium is particularly
vulnerable to ischemia. A major objective for patients after CABG surgery is the
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restoration of hemodynamic and ventilatory independence from supportive assistance,
both mechanical and pharmacological, while ensuring adequate tissue perfusion and gas
exchange. Thus, maintenance and monitoring of both cardiovascular and pulmonary
parameters are essential.
The nurse caring for CABG surgery patients requires an extensive knowledge
base about pre- and postoperative physiological function to adequately appreciate the
impact of the type of heart disease and surgical procedure. For example, apatient with
single-vessel coronary artery disease and no previous infarction or heart failure most
likely will experience no significant postoperative complications. However, the patient
with multiple coronary artery lesions, previous infarction, and decreased ejection fraction
will tend to have aslower recovery and may require pharmacologic support after surgery.
The knowledge and skills associated with caring for cardiac surgical patients are
becoming increasingly complex. The advances made in hemodynamic monitoring within
the past three decades demand that nurses not only have technologic knowledge and
skills, but also that they have enhanced knowledge of pathophysiologic mechanisms,
pharmacologic therapies and patient care-related medical management of cardiac surgical
patients. Technologic advances in hemodynamic monitoring have also provided nurses
and other members of the health care team with the ability to rapidly determine and
monitor numerous cardiopulmonary and tissue oxygenation parameters at the bedside
(Ahrens, 1998). From these measurements interventions aimed at optimizing oxygenation
can be made quickly.
Currently, nurses monitor avariety of parameters in patients who are recovering
from cardiac surgery. Heart rate, stroke volume, blood pressure, and arterial oxygen
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saturation are useful parameters estimating oxygen delivery, while mixed venous
oxygen saturation is auseful parameter to estimate how well oxygen supply meets tissue
demands.
Dangling
Dangling, having the patient sit with his or her legs hanging over the side of the
bed, with or without foot, back, and arm support, for adefined period (Lane, Winslow,
Woods, & Dixon, 1997) is acommon nursing intervention that is deemed to be important
in the postoperative care of cardiac surgical patients. Nurses routinely dangle patients to
promote and assess their tolerance to activity and to determine whether to limit, maintain,
or increase the level of activity. If the patient does not tolerate dangling, then the
progression of activity is stopped and the patient returned to the supine position. If the
patient tolerates dangling, then the patient will likely move to achair during the next
mobilizing attempt.
Postoperative cardiac surgical patients are routinely dangled when they are
awake, extubated, and hemodynamically stable. Nurses believe that dangling is an
important intervention in early postoperative recovery because it facilitates chest tube
drainage, lung expansion, and is the first step towards increasing mobility (Lane et al.,
1997; Winslow, Lane, & Woods, 1995). It is believed that the benefit of dangling is an
increase in oxygenation to the tissues. However, little research has been conducted to
examine or test its effect in the postoperative cardiac surgical patient population.
The decision about dangling is clearly part of the nursing care domain (Lane et
al., 1997). Dangling is not an intervention that is routinely ordered by physicians.
Nurses
view dangling as an implicit part of their own decision-making regarding mobilization of
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their patients. Nurses seem to base their decision about whether or not to dangle a
patient and whether or not aphysician ought to be consulted for an order based on many
factors that include the patient's condition, the physician caring for the patient, and the
nurse's own confidence and experience (Lane et al., 1997).
Problem Statement
Although dangling is ubiquitous and step-by-step descriptions of how to dangle
patients are included in textbooks of many nursing fundamentals (Long, 1993; Potter &
Perry, 1993; Swearingen, 1990; Thompson, McFarland, Hirsch, & Tucker, 1993) little
research has been conducted to test the effects of dangling in general or more specifically
on oxygen delivery and consumption. Cardiac surgery patients are particularly vulnerable
to oxygen need and consumption disturbances given the surgical insult and consequent
physiological responses. Since dangling is acommon and considered innocuous
procedure, it is imperative that it be studied. The time it takes for the cardiovascular
system to stabilize after dangling (recovery time) also remains unknown. It is important
and necessary for nursing practice to be based on evidence. Thus, the hemodynamic and
oxygenation responses related to first-time dangling after cardiac surgery need to be
examined.
Expected Outcomes and Relevance
The results of this study will contribute to describing the physiological responses
related to dangling after cardiac surgery. This information will assist nurses in their
decision-making regarding post-operative mobilization and potentially prevent adverse
effects of what has been long considered an innocuous procedure. By examining the
changes in hemodynamic parameters and possible predictors of outcomes during and
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following dangling, this study will contribute to identifying more clearly patients who
may be at risk for any deleterious effects from this common nursing procedure.
Thereafter, nursing policy and procedures regarding dangling will have an evidential
basis on which they can be developed.
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CHAPTER TWO: LITERATURE REVIEW
In the literature review an overview of the physiologic effects of cardiac surgery,
the concepts of oxygen delivery and consumption, and the existing research related to
orthostasis and responses to dangling are presented.
Physiologic Effects of Cardiac Surgery
Interpreting the monitored parameters of postoperative patients and the effect of
nursing care on these parameters requires knowledge of the effects of cardiac surgery and
anesthesia on the cardiovascular and pulmonary systems. Myocardial depression occurs
during the intraoperative phase in all patients that often extends into the postoperative
period (Ley, 1993). Although there are many causes of myocardial depression, periods of
intraoperative myocardial isebemia are most common (Prasad, Kaira, Bbaradwaj, &
Chaudhary, 1992). Investigators have demonstrated that regional wall motion
abnormalities follow the onset of ischemia in 10 to 15 seconds and the pathophysiologic
mechanisms include hypoxia, regional acidosis, and impairment of the delivery of
calcium to the contractile elements of the myocardial cell (Clements & De Bruijn, 1987).
Other factors that contribute to myocardial depression include anesthetic agents,
electrolyte disturbances (e.g., hyperkalemia), myocardial edema, intraoperative
myocardial infarction, and hypothermia (Ley, 1993). Despite myocardial preservation
techniques, some degree of myocardial dysfunction occurs in all patients. Left ventricular
ejection fraction depression can last up to 14 days postoperatively and is related to betablocker use, the inflammatory response related to cardiopulmonary bypass, and increased
afterload (Bourassa, Lesperance, Campeau, & Saltiel, 1972; Hanimermeister et aL, 1974;
Lazar et al., 1998; Philips et al., 1983; Zir et al., 1979).

All patients have some pathophysiologic response to cardiopulmonary bypass
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(CPB). The variety of metabolic, hematologic, and neurohumoral effects caused by
extracorporeal circulation contributes to many of the clinical problems typically observed
in the early postoperative period, such as fluid, electrolyte, and metabolic imbalances, as
well as hypertension, bleeding, and low cardiac output (Welland & Walker, 1986). A
certain degree of extravasation of fluid into interstitial tissues occurs in all patients
despite maintaining low central venous pressure during CPB. Body weight increases as a
result of fluid infusion necessary to replenish intravascular volume. Postoperative
vasoconstriction, due to the temporary elevations in catecholamines and other vasoactive
substances, occurs commonly and may necessitate vasodilating therapy (Argenziano et
al., 1998).
The phenomenon of reperfusion injury has received agreat deal of attention by
physiologic researchers. Defined as "functional, metabolic, and structural alterations
caused by reperfusion after aperiod of temporary ischemia" (Buckberg, 1987,

p.

127),

reperfiision injury is characterized by intracellular calcium accumulation with cellular
edema and impaired oxygen use (Ley, 1993). The characteristic hemodynamic response
is one of systolic dysfunction and decreased diastolic compliance, leading to alow output
state with areliance on elevated filling pressures to fill astiff ventricle.
Pulmonary complications that can occur after cardiac surgery include ateleetasis,
diaphragmatic dysfunction, pulmonary edema, acute respiratory distress syndrome,
pulmonary embolism, and infection (El-Chemaly, Abreu, & Krieger, 2003). Patients who
undergo cardiac surgery exhibit a13% to 64% decrease in pulmonary function as
evidenced by areduced forced vital capacity, forced expiratory volume in 1second, and
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functional residual capacity (van Belle, Wesseling, Penn, & Wouters, 1992). This
phenomenon appears to be related to acombination of diaphragmatic dysfunction,
atelectasis, and chest wall instability that occur secondary to sternotomy. The decline in
pulmonary function causes adecrease in the ventilation-perfusion ratio that compromises
oxygenation. For this reason, it is important to monitor pulmonary function closely, often
using pulse oximetry to estimate arterial oxygen saturation.
Additional Factors Influencing Outcomes ofSurgery
There are several factors that have been demonstrated to affect outcomes from
CABG surgery.
Age. As patients age, there is an increased morbidity and mortality risk from
CABG surgery (Rady, Ryan, & Starr, 1998; Rosenfeldt & Wong, 1993). The mean age of
patients undergoing CABG surgery is 66 years; nearly 30% of patients are older than 70
years of age and 10% are older than 80 years of age (Loop, 1998). While CABG surgery
can be performed safely in many elderly patients, postoperative hospitalization is
significantly longer and associated costs are greater (Loop, 1998; Salomon, Page,
Bigelow, Krause, Okies, & Metzdorff, 1991).
Hemoglobin andfluid status. Hemoglobin is responsible for carrying most of the
oxygen to the tissues, therefore, low hemoglobin levels will negatively influence tissue
oxygenation (Daily, 1994). Further, adequate plasma volume is necessary for maintaining
SV during orthostasis (Waters, Ziegler, & Meck, 2002). Thus, if plasma volume is low,
cardiac output and oxygen delivery may be compromised.
Cardiopulmonary bypass time/aortic cross-clamp time. The amount of time a
patient is on CPB and the time that the patient has the aorta cross-clamped for the
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surgeon to complete the anastomoses influences the outcomes of the surgery. The
greater the length of time for either, the higher the risk of postoperative morbidity and
mortality (Rady et al., 1998; Turner, Morgan, Thakrar, & Pepper, 1995). The number of
bypass grafts performed is directly related to CPB and cross-clamp time (Finkelmeier,
2000).
Co-morbidities. Co-morbid conditions (especially diabetes, chronic obstructive
pulmonary disease, and renal failure) are associated with significantly increased risk of
death after CABG surgery (Clough et al., 2002). Diabetes is acondition characterized by
cardiac and vascular contractile dysfunction (Brown, Walsh, & Ren, 2001) along with
other sequelae. Diabetic patients undergo revascularization; however, the outcomes are
less favourable than in nondiabetic cohorts (Beckman, Creager, & Libby, 2002; Orford &
Berger, 2003). Hypertension is arisk factor of CHD. A recent study suggests
hypertension, along with advancing age, reduces the arterial baroreceptor reflex response
time (Peckerman et al., 2001) possibly affecting HR responses. Renal failure, with even
modest preoperative serum creatinine elevation, has been shown to be independently
associated with morbidity and mortality after cardiac surgery (Durmaz et al., 1999;
O'Brien et al., 2002). Recent myocardial infarction (MI) and left ventricular (LV)
dysfunction have also been associated with increased risk with CABG surgery (Gardner,
et al., 2001). LV dysfunction is defined as an ejection fraction (EF) of

30% (Goldstein

et al., 2003). The association between body mass index (BMI) and cardiovascular risk is
widely recognized (Kawada, 2002). Obese patients, defined as having aBMI ≥ 30
(National Institutes of Health, 2000) are at increased risk for perioperative and
postoperative complications with CABG surgery (Ascione, Reeves, Rees, & Angelini,
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2002). This is not so in the elderly; the opposite has been shown (Maurer, Luchsinger,
Weliner, Kukuy, & Edwards, 2002). BMII (weight (kg)/height (m)) is calculated based
on the height and weight recorded on the preoperative data sheet.
Smoking history. Countless studies have demonstrated that smoking is amajor
risk factor for death in people who have coronary artery disease (Stafford & Becker,
1996). When people quit smoking cigarettes, their risk of coronary artery disease
mortality declines within ayear and nearly reaches baseline in 2to 3years (Rosenberg,
Kaufman, Helmrich, & Shapiro, 1985). Smoking history can influence postoperative
pulmonary function and tissue oxygenation. If patients are current smokers just prior to
surgery, they tend to experience impaired mucociliary function and possible impairment
of blood oxygenation (Metzler, 1989).
Beta-blockers. 3-blocking agents are prescribed for patients with CHD to reduce
myocardial oxygen consumption through the control of heart rate (Frishman, Furberg, &
Friedewald, 1984). Recent evidence suggests that CABG operative mortality is
significantly lower among patients receiving f3-blockers than among those who do not
receive them (2.8% vs. 3.4%) (Ferguson, Coombs, & Peterson, 2002).
Analgesia. Severe pain after thoracotomy can lead to impaired ventilation and
mobility. Adequate pain relief improves ventilation and oxygenation (Tschernko et al.,
1998) and facilitates easier movement. Epidural analgesia is frequently administered to
CABG patients intraoperatively and yields asignificant improvement in pulmonary
function compared to no epidural use, most likely due to postoperative analgesia
(Stenseth et al., 1996). It has also been demonstrated to improve postoperative outcome
and attenuate the physiologic response to surgery (Moraca, Sheldon, Thirlby, 2003).
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Parameters Used to Estimate Oxygen Delivery and Consumption
Postoperative nursing and medical management are based on effective
monitoring. This encompasses not only specific monitoring techniques but also the
healthcare provider's knowledge and appreciation of particular deviations that may occur.
Maintaining abalance between myocardial oxygen supply and demand is imperative in
the postoperative setting during which the myocardium is particularly vulnerable to
ischemia. A major objective after cardiac surgery is the restoration of hemodynamic and
ventilatory independence from supportive assistance, both mechanical and
pharmacological, while ensuring adequate tissue perfusion and gas exchange. Thus,
maintenance and monitoring of both cardiovascular and pulmonary parameters are
equally essential.
Obviously, many situations and conditions threaten oxygen delivery and
consumption. Decreases in SvO2 can serve as an early warning of cardiopulmonary
insufficiency, often long before hemodynamic instability occurs (White, 1993). SvO2 has
been shown to be asensitive indicator of global tissue oxygenation (Daily, 1994). SvO2 is
the oxygen saturation of the hemoglobin in the mixed venous blood and measured in the
pulmonary artery by way of apulmonary artery catheter. SvO2 is influenced by arterial
oxygen saturation, cardiac output (CO), hemoglobin (Hgb), and oxygen consumption
(V02) by the tissues (Vincent, 1996). Oxygen delivery (DO2) represents the total amount
of oxygen delivered to the tissues per minute.
Overall measurement of tissue perfusion may be evaluated quantitatively by DO2,
which is determined by CO (the product of heart rate and stroke volume), Hgb, and SaC)2
(Shoemaker, 1996; Vincent, 1996; White, 1993). As such, DO2 reflects the overall
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oxygen delivery to peripheral tissues, and its increases over the normal range represent
normal compensatory responses (Shoemaker, 1992). That is, spontaneous increases in
DO2,in response t6 exercise and other forms of stress, represent compensatory responses
to inadequate tissue oxygenation. Similarly, overall body metabolism may be evaluated
by oxygen consumption which is determined by CO and the arteriovenous content
difference (Shoemaker, 1996). The rate of V02 is an overall measurement of body
metabolism that represents the total of all oxidative metabolic reactions. As such, it
reflects the status of body metabolism; it represents the actual amount of oxygen
consumed, not the real need, which may be more.
The tissues extract the oxygen that they need so that when blood reaches the
venous circulation, the Hgb is desaturated to about 60% to 75% (SvO2) (Ahrens, 1998). If
the tissue need for pxygen increases, the subsequent increase in oxygen consumption
results in venous desaturation, reflected by adecreased SvO2. Levels below 60% indicate
an increased oxygen extraction secondary to reduced oxygen delivery, increased oxygen
consumption, or both (Ahrens, 1998). SvO2 does not directly indicate when tissues are
experiencing hypoxia. When the SvO2 drops below normal, tissues might still have
adequate oxygen but are forced to extract more oxygen from hemoglobin to maintain
normal cell function. Therefore, adrop in the SvO2 level is awarning sign of apotential
threat to tissue oxygenation. Levels above 75% indicate increased oxygen delivery,
reduced oxygen consumption, or arterial-venous shunting (Ahrens, 1998).
SvO2 should be the first parameter analyzed in atraditional hemodynamic
assessment (Ahrens, 1998). While obtaining SvO2 values does not replace the need to
measure individual parameters of oxygen delivery or consumption, it does serve as a
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standard for assessing tissue oxygenation. SvO2 has the ability to reflect athreat to
tissue oxygenation that is unmatched by other parameters, such as BP and CO (Ahrens,
1998; Kram, Appel, Fleming, & Shoemaker, 1986; Kyff, Vaughn, Yang, Raheja, & Pun,
1989). From atheoretical perspective, this makes sense. Blood pressure is alate indicator
of aloss of blood flow since it is controlled by systemic vascular resistance (SVR) and
CO. A drop in CO might be offset by an increase in SVR, keeping the BP normal while
the SvO2 is likely to detect this change in tissue oxygenation (Ahrens, 1998). Therefore,
it is important that SVO2 be closely monitored.
If tissues need more oxygen the body initiates anumber of mechanisms to
increase the supply of oxygen to meet increased oxygen needs (Bryan-Brown &
Gutierrez, 1989; Finch & Lenfant, 1972). These mechanisms involve bemodynamic
efforts to augment CO and respiratory efforts to ensure adequate oxygenation and carbon
dioxide removal. The sympathetic nervous system increases the CO by decreasing venous
capacitance (to increase preload), and by increasing HR and contractility. Heat and
carbon dioxide produced by exercising tissues cause vasodilation in the active tissues,
which decreases the vascular resistance, augmenting CO and directing blood flow to the
active tissues (White, 1993).
When tissue need for oxygen increases the normal physiological response is to
increase oxygen supply, keeping oxygen extraction 25% of delivery (Weiner, 1983).
Oxygen diffusion gradients are maintained, and reductions in SvO2 are minimized.
However, in the immediate post-operative period (i.e., when patients are still in the
critical care unit) many patients are unable to increase oxygen supply to match increased
demand incurred by events such as activity. Because SvO2 decreases when oxygen
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supply fails to meet demand, it becomes apparent that SvO2 monitoring tends to reflect
the oxygen supply/demand status of the patient. A decrease in SvO2 indicates that oxygen
demands exceed supply, that oxygen demands must be reduced, or both (Schmidt, Frank,
& Forsythe, & Estafanous, 1984; Vincent, 1996).
The survival of all cells is contingent on acontinuing supply of oxygen in
amounts equal to, or greater than, their needs. When oxygen delivery becomes
inadequate, cellular metabolism continues anaerobically at the price of critical
biochemical changes within the cell. Some of these changes result in increased lactic acid
accumulation, which further inhibits normal mitochondrial metabolism, and avicious
cycle ensues (Shoemaker, 1996). For this reason, assessment of the adequacy of tissue
oxygenation is apriority in the nursing care and management of these critically ill
patients.
While there is no empirical evidence to indicate when and for how long dangling
should occur among post-operative cardiac surgical patients; by contrast, abundant
literature is available about orthostatic responses to dangling among healthy individuals.
Orthostatic Responses
Assuming an upright posture, whether sitting or standing after lying supine,
represents astress on the human circulatory system that is met by dynamic, integrated,
regulatory responses of the circulatory, nervous, and musculoskeletal systems. In
humans, most of the blood volume is in the compliant, low-pressure compartments of the
systemic veins, right heart and pulmonary system. When aperson stands up,
approximately 500 to 700 ml of blood rapidly shift from the thorax to the pelvis,
buttocks, and lower extremities because of the effects of gravity (Smith & Kampine,
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1990; Tyler, 1997). The redistribution of blood reduces cardiac output by
approximately 20% and stroke volume by 20% to 50%; as aresult arterial pressure
decreases, which in turn activates compensatory mechanisms to maintain pressure.
Because of the relationships among blood pressure, blood flow, and vascular resistance,
reflex mechanisms of the carotid, aortic, and cardiopulmonary meehanoreceptors respond
to the drop in cardiac output. Orthostatic intolerance is seen frequently after space flight
or bed rest and is almost always associated with areduced SV during orthostasis
(Perhonen, Zuckerman, & Levine, 2001).
Primary responses to adrop in BP include increasing HR and constricting arterial
and venous systemic vaseulature (Berne & Levy, 1993; Blomqvist, 1990; Blomqvist &
Stone, 1983; Rowell, 1986; Shoukas & Sagawa, 1973; Smith & Kampine, 1990; Winslow
et al., 1995). Other compensatory mechanisms that promote bemodynamic stability are
closure of valves in the venous system, contraction of leg muscles to pump blood back to
the heart, and adecrease in intrathoracic pressure (Tyler, 1997).
A decrease in atrial pressure also triggers antidiuretic hormone secretion and fluid
retention. In addition, the cardiopulmonary mechanoreceptors are probably involved
(together with the carotid and aortic receptors) in the control of sodium excretion by way
of renin-angiotensin-aldosterone mechanisms (Berne & Levy, 1993; Blomqvist & Stone,
1983). Orthostatic changes may be exaggerated by advanced age, venous insufficiency
(caused by valvular failure with resultant varicose veins), fever, ahot environment,
vasodilator drugs, some antihypertensive drugs, and hypovolemia (Winslow et al., 1995).
Thus, adrop in thoracic volume and pressure on sitting or standing triggers acascade of
responses that work to increase central pressure.
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Physiologic Responses to Dangling
Based on what is known about orthostatic responses, assumptions can be made
about patients' responses to dangling. Pulse pressure (which reflects SV and arterial

compliance) should fall immediately after dangling because of the patients' reduced SV.
Compensatory increases in HR and vasoconstriction should occur within seconds in an
attempt to restore arterial pressure.
Scientists have been studying orthostatic responses to changes in posture for
many decades. Yet, despite nurses' belief of the therapeutic value of dangling and its
frequent use in nursing practice, dangling has received little empirical attention. A
summary of existing studies is presented in Table 1.
Table 1: Physiologic Responses to Dangling
Authors

Subjects
sex/n

Intervention

Outcome
Variables

Conclusions

Kennedy & Crawford
(1984)

Healthy men/7
Healthy women/3
Men with angina/10

Supine to dangle
Supine to stand

BP, HR

Dossa & Owen
(1993)

Patients in cardiac
rehabilitation
centre/24

Supine to sit then
stand
Supine to stand

BP, HR

McDaniel (1989)

Women postop
hysterectomy day
two/20

Dangle with feet
hanging freely or
moving

BP, HR

Waite & Parsons
(1991)

Cardiac surgery
patients/28

No changes in SBP with
dangling. Significant
increase in DBP
(p<0.O01) and HR
(p<0.001) with dangling
in healthy subjects only
Decreased SBP 30 sec.
after initial position
change (p<0.05). No
change in DEP or HR
HR increased 8-10
beats/mm, SBP and DBP
decreased 3-5 mmHg.
With moving feet HR was
higher and SBP and DBP
dropped less thus
sustaining BP (p<0.05).
HR increased 6% and
MAP increased 10%
when dangled (p<O.OS).

Key: BP = Blood Pressure, HR =Heart Rate, SBP =
Mean Arterial Pressure, HOB = Head of Bed

Supine to supine
MAP, HR
with HOB 40° to
dangle to stand for
3minutes to return
to supine
Systolic Blood Pressure, DPB = Diastolic Blood Pressure, MAP =
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It is difficult to draw general conclusions from these few studies because of the
lack of uniformity in intervention and timing of measurement. Furthermore, the
investigators have drawn from diverse populations, used relatively small sample sizes,
and measured various responses. Length of time on bedrest and variability of the data
(i.e., standard deviations) were also not reported. Most of the research that provides
controlled comparison data regarding cardiovascular responses to orthostasis has been
conducted in healthy men and women. Patient responses to activity correlate with their
functional impairment. The most significant factor that limits CHD patients' ability to
respond to activity is their inability to increase stroke volume if they have impaired
contractility or are receiving an-blocking agent (Wingate, 1991). However, most
investigators have reported increases in HR, usually 10 beats/min or more, in response to
dangling, sitting, or standing. Most studies also revealed small to moderate drops in
systolic pressure and small to moderate increases or small decreases in diastolic pressure
(thus anarrowed pulse pressure). Further research is required to study the effects of
dangling in different groups of patients; including postoperative CABG patients. Blunted
HR and systolic BP responses may be observed in postoperative cardiac patients,
especially in patients taking beta-blockers (Gordon & Duncan, 1991; Haskell & DeBusk,
1979; Pollock & Wilmore, 1990)
In arelated area, oxygen delivery and consumption parameters have been
examined with nursing interventions such as position changes in bed (Refer to Appendix
B for asummary of results). It is not surprising to see studies consistently reveal that
SvO2 decreases with position changes. These decreases are probably largely due to the
increased peripheral consumption of oxygen due to muscular activity associated with
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changing position in bed, although altered flow distributions could complicate the
interpretation. What remains unknown, however, are the effects of other activities, such
as dangling, on SvO2 and recovery time. A thorough review of the literature revealed no
systematic investigation has been undertaken regarding the effects of dangling on the
hemodynamics and oxygenation among postoperative cardiac surgical patients.
In summary, the results of related studies support the need for further research in
the area of patient recovery, activity, and subsequent hemodynamic effects. There is very
little documented evidence of the effects of dangling on hemodynamic and oxygenation
parameters among postoperative CABG patients. This led to the generation of the
following research question: What are the hemodynamic and oxygenation effects of firsttime bedside dangling among patients after cardiac (CABG or valvular) surgery?
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CHAPTER THREE: METHODS
Prior to conducting the main study, apilot study was conducted to obtain
preliminary data to test the feasibility of the research protocol and instrumentation, and to
obtain data on which the final sample size could be calculated. The protocol involved
examining the effects of first-time dangling among cardiac surgical patients (CABG and
valve replacement) on HR, mean arterial pressure (MAP), SaO2,SvO2,and SV.
(Measurement approaches are detailed below in the main study.) These dependent
variables were measured at the following intervals: (1) at baseline prior to dangling, (2)
immediately after dangling, (3) after return to the supine position, and (4) 10 minutes
after return to the supine position.
Pilot Study
A pilot study of 19 subjects was completed. Fifteen subjects were initially
included in the pilot and data were collected on BR, MAP, SaO2, and SvO2. There were
technical difficulties with the thoracic impedance device so no data were collected on SV.
Subsequently, the technical difficulties with the thoracic impedance device were resolved
and an additional 4patients were studied (with Ethics approval) using this device. During
this pilot, no patient experienced any adverse effects as identified by aclinically
significant change in oxygenation and hemodynamic parameters. Table 2contains a
summary of the sample characteristics.
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Table 2: Pilot Study Sample Characteristics (n

=

19)

Variable

Mean

SD

Age(yr)

69.0

10.5

BMI

26.9

3.5

Hemoglobin

95.7

9.5

Hours after surgery to dangle (hr)

22.7

18.3

Fluid balance (ml)

1090.3

791.2

Sex

Men— 17 (89%)

Women —2(11%)

Type of surgery

CABG

AVR

Beta-blocker

Yes

LV dysfunction pre-op

Yes —5 (33%)

-

18 (95%)

17 (89%)

-

-

1(5%)

No —2 (11%)
No

-

1(7%)

The measurements from each of the first 15 subjects for SvO 2,HR, MAP, and
SaO 2 are depicted in the graphs below.
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Figure 1: Graphs of Pilot Data

The findings suggested asubstantial decrease in SvO2 (implying an increase in
oxygen consumption and/or adecrease in oxygen delivery) and SV (implying adecrease
in oxygen delivery) to adegree that could be considered clinically significant (i.e., a
change greater than 10% (Sasse, Chen, Berry, Sassoon, & Mahutte. 1994; Vincent, 1994)
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along with changes in the other dependent variables (increased mean arterial

pressure, HR, and no significant change in SaO2 except in one patient who had
pulmonary disease). These data indicated potential clinically relevant hemodynamic and
oxygenation responses to dangling, thus supporting aneed for further study.
Variability of scores was examined and effect size calculated. Thereafter, an
appropriate power calculation was undertaken on which to base the sample size for the
main trial.
Table 3: Sample Size Determination (at an alpha level of 0.05)

Dependent
variables
SvO2
HR
MAP
SaO2
SV
(Lachin, 1981)

True
Difference
to detect
5
5
5
5
5

Power
0.80

Power
0.85

Power
0.90

Power
0.95

9
14
38
9
38

11
16
43
10
44

12
18
51
12
51

15
22
63
15
62

Using an alpha level of 0.05 and apower of 0.90 the variables of MAP and SV
were used to determine sample size because they gave the greatest number of subjects for
detecting adifference, therefore, including sufficient numbers for the remaining
variables. A difference of 5was selected because it gave the most conservative value of
clinical significance for each of the outcome variables. A final sample size of 55 patients
was determined appropriate to allow for missing data.
Changes in Protocol from the Pilot Study
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Based on the pilot data, afew changes were made in the protocol for the main
study. First, as seen clearly, the largest change in all dependent variables occurred
immediately after the patient dangled (Time 2). The next set of measurements was not
collected until after the patient returned to the supine position. It is unknown what
happened during the intervening period as the patient continued to dangle. Therefore, in
the main study all patients were dangled for 5minutes (as tolerated) and an additional set
of measurements collected after 5minutes and prior to the patient returning to the supine
position.
Second, there was only one aortic valve replacement procedure performed during
the pilot period. The main study design was changed to include only CABG patients
otherwise the study would be underpowered to detect atrue difference with valvular
surgical patients.
Third, since there were only two females included in the pilot study, the sample
was changed to include only males for the main study because there is evidence that
females may respond differently from males (Waters et al., 2002). Sex related differences
in cardiovascular function have been documented (Ellis, Wong, Stebbing, & Harrap,
2001; Kang & Miller, 2002). For unknown reasons, females are more susceptible to
orthostatic intolerance, defined as afall in BP and increase in HR accompanying
assumption of upright position after aperiod of recumbency (Sandler & Winter, 1978).
Female sex has been reported as afactor that is associated with late extubation after
CABG surgery (Doering, 1997). Females have asignificantly higher risk of in-hospital
death after CABG surgery possibly because of the greater technical difficulty of the
surgery due to the smaller size of the coronary arteries (Oe et al., 2002; Vaccarino,
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Abramson, Veledar, & Weintraub, 2002). Sex-related differences in vascular function
have been reported in the rat model (Cross, Murphy, & Steenbergen, 2002; David et al.,
2002) and exist in humans (Schwertz & Penokofer, 2001; Waddell, Dart, Gatzka,
Cameron, & Kingwell, 2001). Therefore, females were excluded from the study to reduce
this possible confounding variable and because the study would likely be underpowered
to detect atrue difference between females and males.
These changes resulted in the final research questions.
Research Purpose
The purpose of this study was to examine the effects of first-time dangling on
select hemodynamic and oxygenation parameters in male patients after CABG surgery.
Research Questions
The primary research question was: What are the hemodynamic and oxygenation
effects of first-time bedside dangling among male patients after coronary artery bypass
graft surgery? Specifically the research addressed the following:
What are the effects of first-time dangling on (1) HR, (2) systolic blood pressure
(SBP), (3) diastolic blood pressure (DBP), (4) MAP, (5) SaO2,(6) SvO2, and (7) SV?
A secondary research question was: What is the relationship between selected
demographic and physiologic variables, specifically, (1) co-morbidities and -b1ocker
use, (2) age, BMI, hemoglobin, length of bedrest, length of surgery (pumptime, aortic
cross-clamp time, and number of bypasses), EF, time since analgesia, and fluid balance,
and (3) smoking history and type of analgesia and the measured hemodynamic and
oxygenation parameters?
Hypotheses
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When dangling (1) subjects will experience an increase in oxygen consumption
and/or decrease in oxygen delivery as indicated by adecrease in SvO2,(2) subjects will
experience an initial decrease in cardiac output as evidenced by adecreased in SV and
SBP and little compensatory increase in HR (most patients receive beta-blocking agents),
(3) subjects will experience an initial decrease in pulse pressure as evidenced by a
decrease in SBP and increased DBP, (4) subjects will experience an increase in SaO2 in
the upright position, and (5) the significant changes measured in these hemodynarnic
parameters will return to baseline after 5minutes of dangling and when the patient is
returned to the supine position. Further, selected demographic and physiologic variables
will influence the measured bemodynamic and oxygenation parameters.
Method
Design
A prospective, repeated measures non-experimental design was used.
Setting
The setting for this study was the 12-bed cardiovascular intensive care unit
(CVICU) at the Foothills Medical Centre, the Calgary Health Region. The hospital
serves as the major cardiac referral centre for Southern Alberta and Southeastern British
Columbia. An average of 24 CABG surgeries were performed each week.
Sample
A convenience sample of 55 male patients scheduled for coronary artery bypass
graft surgery was used.
Criteria for inclusion were: > 18 years of age; male; able to speak, read and
understand English; admitted for first-time CABG surgery; able to follow commands at
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the time of dangling; and hemodynamically stable, defined as astable blood pressure
and cardiac rate and rhythm.
Exclusion criteria were: subjects without apulmonary artery catheter in situ
Subjects were recruited in one of two ways:
(1) The researcher presented the purpose, objectives, and requirements of the study to
out-patients who attended the weekly preadmission clinic. An information sheet and
contact number was left with them (Please refer to Appendix C). If patients wanted to
participate they were invited to telephone the researcher. Arrangements were made to
obtain written consent from the patients before their surgery when they are admitted to
hospital.
(2) The researcher approached in-patients who were waiting for surgery. The appropriate
Charge Nurse obtained permission from potential subjects for the researcher to approach
them about study participation. Thereafter, the study and its requirements were explained
and written consent sought. This strategy for recruitment only resulted in 3subjects.
Procedure
All data were collected when the subject was dangled for the first time
postoperatively in the CVICU; this usually occurred 8to 15 hours postoperatively or
once the subject was extubated and hemo dynamically stable as determined by astable
HR and rhythm, BP, level of consciousness, and discontinuation of vasoactive
pharmacologic agents.
A set of baseline measurements (HR, BP, SaO2,SvO2, and SV) was obtained on
all subjects. (See below for procedure for measurement.) The subject was then assisted by
the bedside nurse and physiotherapist to sit upright on the side of the bed (dangle) for 5
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minutes. The procedure for assisting the subject to dangle was consistent for all
subjects. First, the bedside nurse determined the subject's readiness and desire to dangle.
Then, the sequence of activity was explained to the subject. The subject was first rolled
onto his right side. Either the bedside nurse or physiotherapist would take hold of the
subject under his shoulders and the other health professional would take hold of the
subject under his knees. The subject held asmall pillow to his chest to splint his incision
and did not assist actively with sitting up. On acount of three the subject's legs were
swung over the side of the bed. Simultaneously, the subject's shoulders and torso were
lifted up off the bed and the subject assisted to the dangle position. The subject was
assisted into acomfortable sitting position, intravenous lines assessed, and the subject
assessed for tolerance to sitting. While the speed of dangling and assuming the sitting
position was not measured, it appeared to the researcher to be consistent and similar in all
cases.
Immediately after the subject was upright, asecond set of measurements (HR, BP,
SaO2,SvO2,and SV) was taken. After 5minutes of dangling another set of measurements
(HR. BP, SaO2,SvO2,and SV) was obtained. The bedside nurse and physiotherapist,
using asimilar procedure to sitting up, then assisted the patient back into the supine
position. (The supine position was typically supine with the head of the bed elevated 30
—45 degrees.) A fourth set of measurements (HR. BP, SaO2,SvO2, and SV) was
performed immediately on return to the supine position and these measures were repeated
again for the fifth time after 10 minutes. All subjects tolerated dangling for five minutes.
Subjects were never left unattended while dangling. The bedside nurse usually
took the opportunity to auscultate the subject's lungs posteriorly while the subject
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dangled and the researcher stood in front of the subject to draw the mixed venous
gases, take the thoracic impedance readings, and record the remainder of the
measurements from the bedside monitor. The subjects were continuously assessed for
tolerance and hemodynamic status.

Table 4: Protocol
Baseline
0

Dangling
0

Dangling-5 mins
0

Supine

Supine- 10 mins

0

0

0= observations (HR, BP, SaO2,SvO2,SV)

Outcome Measures and Instruments
Heart rate. HR was measured from the bedside electrocardiogram (ECG)
Marquette monitor. The ECG is agraphic summary of the electrical events that make up
each cardiac cycle. The five major deflections (P,

Q, R, S, T) of the normal ECG

represent the action potentials generated by depolarization and repolarization of
myocardial cells. Electrical energy created by these events is detected by electrodes
strategically placed on the body surface, transmitted to the electrocardiograph, amplified
and projected on the oscilloscope of the monitor. Electrocardiographs are standardized so
that both amplitude and duration of the various deflections making up the cardiac cycle
can be measured (Conover, 1996). The most obvious information revealed on acardiac
monitor is heart rate and rhythm. Heart rate is described in beats per minute and is
displayed as adigital readout on the monitor and updated every 3seconds (Marquette,
1998). All postoperative patients are routinely monitored continually to detect changes in
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rate or rhythm. The researcher read the HR from the oscilloscope, verified it with the
bedside nurse, and recorded it on the physiologic data sheet. (See Appendix D.)
Blood pressure. BP (SBP, DBP, MAP) was measured directly from the bedside
Marquette monitor as all patients had an intra-arterial monitoring line in situ. The basic
intra-arterial monitoring setup consists of acatheter that is inserted into an artery, usually
the radial, and attached to noncompliant fluid-filled pressure tubing into apressure
transducer. Relatively noncompliant tubing is used to minimize the distortion of the
transmitted pressure waveform by the tubing. The length of tubing between the catheter
and the transducer is kept to aminimum to increase the resonant frequency of the system
and improve the accuracy of the pressures measured. The pressure transducer is hooked
to the bedside monitor by acable. The transducer converts pressure energy into an
electrical signal that is displayed on the bedside monitor. The bedside monitor display
updates every 3seconds of SBP, DBP, and MAP. Steps were taken to ensure the
precision and accuracy of the arterial pressure monitoring system. These steps included:
(1) leveling and zeroing the system to atmospheric pressure to eliminate the effects of
hydrostatic and atmospheric pressure, (2) checking the dynamic response of the system
by performing afast flush of the continuous flush system and observing asharp upstroke
that terminates in aflat line on the monitor followed by an immediate and rapid
downstroke extending below the baseline with just 1or 2oscillations within 0.12 seconds
and aquick return to baseline, (3) interpreting waveforms that apparently had artifact,
and (4) interpreting pressures according to anatomic placement of the arterial catheter and
comparing the pressures with pressures obtained noninvasively (DeGroot & Damato,
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1986). The researcher read the BP from the oscilloscope, verified it with the bedside
nurse, and recorded it on the data sheet.
Arterial oxygen saturation. Pulse oximetry (SpO2) is awidely used non-invasive
monitoring system found in hospitals throughout the country. Pulse oximetry provides
immediate detection of decreases in arterial oxygen saturation and impending hypoxemia.
Hypoxemia is defined as an oxygen saturation of less than 95%. Using two different
wavelengths, pulse oximetry depends on the relative absorption of light and calculates the
oxygenated hemoglobin percentage by acomparison of these two spectra (Bearden,
1995). SaO2 was measured using the SpO2 function of the Marquette bedside monitor.
SpO2 is accurate in the 70% to 100% saturation range within 5% +/-2% of measurements
obtained by blood gas analysis (Marquette, 1998).
Numerous studies have documented the accuracy and reliability of this
technology in avariety of subjects, compared with the gold standard of arterial oxygen
saturation obtained by an arterial blood gas, as long as oxygen saturation does not fall
below 75% (Chapman, Liu, Watson, & Rebuck, 1986; Jubran & Tobin, 1990; Nickerson,
Sarkisian, & Tremper, 1988; Ross & Helms, 1990; Severinghaus, 1987; Severinghaus &
Naifeh, 1987; Yelderman & New, 1983).
A recent meta-analysis of the pulse oximetry studies was conducted by Jensen,
Onyskiw and Prasad (1998). Of the 74 studies used in the meta-analysis, the
measurement of SpO2 by finger probe was found to be the most accurate measurement of
oxygen saturation. SpO2 provides areading of the SaO2 within seconds and may warn the
nurse of hypoxemic threats. There are no complications associated with SpO2 monitoring.
Care must be taken, however, when used in patients with altered hemodynamic volumes

33

and pressures, because altered perfusion may produce unreliable signals and give a
false sense of security in the hypotensive patient (Bongard & Leighton, 1992).
Additionally, dysfunctional hemoglobins (e.g., carboxyhemoglobin and methemoglobin),
dyes, and skin pigment may also affect accuracy (Kelleher, 1989). In this study there
were no reasons to warrant concern about the validity of the SpO2 readings. No subjects
were deemed hemodynamically unstable before or during dangling, and while four
subjects were non-Caucasian (one Asian, three Eastern), the SpO2 values were congruent
with the arterial blood gas samples (SaO2)previously measured.
The advantages of this technology are numerous, including that (a) it allows for
real-time evaluation of the cardiopulmonary system that could, when used in conjunction
with SvO2 monitoring, provide amore global assessment of the patient's oxygenation
status, (b) it does not require that blood be withdrawn, (c) there is no risk of room air
contamination of the blood sample, and (d) it reduces health-care providers' exposure to
patient blood (Bongard & Leighton, 1992). The researcher read the SpO2 from the
cardiac monitor, verified it with the bedside nurse, and recorded it on the data sheet.
Mixed venous oxygen saturation. SvO2 monitoring provides clinicians insight into
apatient's tissue oxygen balance (Bearden, 1995; Epstein & Henning, 1993; Varon,
1994). SvO2 values can be measured by single-source sampling or continuously through
fiber optic catheter technology. The measurement technique used in this study was the
single-source sampling technique because fiber-optic pulmonary artery catheters for
continuous readouts are not used at this institution. With this technique, the blood sample
was sent to the lab for blood gas analysis using the Radiometer ABL 700 series. This
method of analysis is the most accurate method of measurement since it can employ more
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light wavelengths for the measurement of hemoglobins (Ahrens, 1998). In this study,
blood gas samples were analyzed by respiratory therapists using the Radiometer ABL
700 series located in the point of care lab.
SvO2 values serve as astandard for assessing tissue oxygenation. SvO2 has the
ability to reflect athreat to tissue oxygenation before clinical signs of organ or tissue
dysfunction (Ahrens, 1998; Kram, Appel, Fleming, & Shoemaker, 1986; Kyff, Vaughn,
Yang, Raheja, & Pun, 1989). SvO2 was measured intermittently through mixed venous
blood gas analysis. This was performed by aspirating asample of blood from the distal
port of the pulmonary artery (PA) catheter. The protocol for drawing mixed venous
gases in the CVICU is to withdraw and discard 5ml of bepaninized solution from the
distal port of the PA catheter. A new sterile blood gas syringe is then used to withdraw 1
ml of blood from the PA catheter, which is then sent with the respiratory therapist for
analysis in alab near the Unit (R. Taylor, PCM Unit 94, personal communication, July
11, 2002). Declines in SvO2 to 60% or less indicate adecrease in oxygen supply or an
increase in oxygen demand and frequently precede any other hemodynamic changes.
SvO2 has been shown to be asensitive indicator of postoperative overall or global tissue
oxygenation (Daily, 1994).
Stroke volume. The change in SV was measured using thoracic impedance.
Measurement of stroke volume by impedance cardiography was chosen because it is a
noninvasive approach to measuring one of the determinants of oxygen delivery.
Impedance cardiography is anoninvasive, versatile, reliable, cost-effective, and easy to
use method for continuous evaluation of hemodynamic function (Jensen, Yakimets, &
Teo, 1995; McFetridge & Sherwood, 1999).
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The usefulness of impedance cardiography (IC) for the measurement of
cardiovascular performance was first demonstrated in the late 1960's (Kubicek, 1966;
Kubicek, Kamegis, Patterson, Witsoe, & Mattson, 1966). Impedance is the equivalent of
electrical resistance of the thorax to ahigh-frequency, alternating, very low-magnitude
current. This measure is inversely proportional to the content of thoracic fluids such that
as the amount of thoracic fluid increases, the thoracic impedance decreases (Chaney &
Derdak, 2002).
The Minnesota Impedance Cardiograph Model 304B (IFM Inc., Greenwich, CT)
was used. In this technique, one spot electrode is placed on the subject's forehead, and
three band electrodes are placed on the subject: one on the right side of the neck, one on
the upper abdomen and one about 5centimeters below on the lower abdomen. The band
electrodes consist of disposable strips of adhesive tape, approximately 2.5 cm wide and
they have athin strip of aluminum-coated substance forming the electrode along the
centre of the tape. IC operates by emitting alow current (4 mA), high-frequency (100
kHz), alternating electrical current through the thorax via these band electrodes. Two
current electrodes introduce the high-frequency excitation current while the impedance is
measured across the inner sensing electrodes. The electrodes were applied to the subjects
just prior to dangling.
Changes in the volume of blood in the thoracic aorta result in detectable changes
in thoracic conductance (deVries-Owens & Tyberg, 1991); conductance being the
reciprocal of resistance or impedance. Pulsatile blood flow through the thoracic aorta
causes shifts in thoracic impedance as afunction of changes in blood volume (Sherwood
et al., 1990). This oscillating baseline component of the total thoracic impedance is

displayed as pulsatile decreases in impedance, which can be further expressed as its
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derivative. This derivative has been shown to be proportional to stroke volume, and
when the HR is known, changes in the magnitude of the derivative can be used to
estimate changes in cardiac output.
The impedance cardiograph generates two electrical signals: (a) the first
derivative of A Z (dZldt), and (b) Zo. The ECG was transfrred into the IC monitor via a
cable from the beside cardiac monitor to avoid adding more electrodes and another cable
on the patient. The two most important signals are the ECG and dZ/dt (McFetridge &
Sherwood, 1999). These signals were displayed as waveforms and were printed
graphically during each measurement using achart recorder and, subsequently, the
deflections were measured manually (Refer to Appendix E for Subject 29's impedance
cardiograph).
In an attempt to assess the reliability and validity of IC, research has been
conducted to compare the values obtained with simultaneous measures obtained by
thermodilution, direct and indirect Fick testing, ventriculography, and echocardiography,
in subjects ranging from the very young to the elderly, and in both healthy and critically
ill individuals. IC has also been tested in both laboratory and clinical settings. Jensen et
al. (1995) provide an extensive review of the demonstrated validity and reliability of IC.
In amore recent meta-analysis, Raaijmakers and colleagues (1999) reviewed 154 studies
of thoracic bioimpedance versus agold standard. The authors concluded that IC was
probably useful for trend analysis but not accurate enough for diagnostic interpretation.
IC has been used in numerous clinical studies to examine cardiac output and
stroke volume responses to water immersion, sleep, exercise, and high-frequency jet
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ventilation. Autonomic reflex mechanisms during the Valsalva maneuver, head-up tilts,
and carotid sinus massage also have been researched. Several investigators studied the
exercise response of patients after myocardial infarction in the upright position and
determined that this population may have an abnormal cardiac output exercise response
(Hetherington et al., 1985; Hetherington, Teo, Haennel, Rossall, & Kappagoda, 1987;
Teo et al., 1985). IC provides aless accurate estimate of cardiac output in patients with
significant thoracic fluid overload such as pulmonary edema, pleural effusions, or
massive peripheral edema (Shoemaker et al., 1998). Measurement inaccuracies have also
been reported in the presence of cardiac valvular disease, left-to-right cardiac shunts, and
atrial fibrillation (Ebert, Eckberg, Vetrovec, & Cowley, 1984; Muzi, Ebert, Tristani,
Jeuter, Barney, & Smith, 1985).
Efforts to explore the theoretical underpinnings of IC, to improve its accuracy,
and to explore refinements have been pursued by many investigators. While some studies
have found IC to have some systematic bias in estimating cardiac output (e.g., Yakimets
& Jensen, 1995), we did not intend to measure absolute values of stroke volume (or
cardiac output) but merely relative changes. The change in SV was obtained by
measuring the height of the dZ/dt waveform in millimeters over the time of the
measurement period and then taking an average for that time. That average was then
entered into the database. The researcher's technique for measuring the waveforms was
verified by Dr. J. Tyberg, acardiovascular physiologist with experience using IC in
experimental designs.
Other data collection. Additional data including age, BMI, hemoglobin, pump
time/cross-clamp time, number of bypass grafts, fluid balance, co-morbidities,

38

preoperative ejection fraction, smoking history, analgesia and last time of analgesia,
length of time from admission to the CVICU to dangling and beta-blockers were also
collected. (Please refer to Appendix F). These parameters were anticipated to influence
the outcome variables.
Ethical Considerations
This study was submitted for ethics review by the Conjoint Health Research
Ethics Board. All cardiac surgeons, anesthetists, and intensivists were informed of the
study and agreed to allow their patients to be included. The study was supported by Dr.
A. Maitland (Chief of Cardiac Surgery), Dr. A. Ferland (Director CVICU), Dr. C.
MacAdams (Anesthesia), Ms. M. Stewart (PCM CVICU) and Ms. J. Stewart (Director,
Heart Health Program).
Hospitalized patients who had not heard about the study prior to hospitalization
were not approached until they had given permission through the charge nurse. Informed
consent was obtained from all participants (Refer to Appendix G). Subjects were advised
that their involvement was strictly voluntary and they could withdraw from the study at
any time. They were also informed that all data from the study will remain anonymous
and only the participant's code number remains on the data sheets. To protect anonymity,
all individual patient data are kept in alocked file cabinet in the researcher's home office
and will be shredded three years after completion of the study. The only place where the
subject's name and code number appear together is in the researcher's locked drawer.
The only other people who have seen the raw (anonymized) data are the members of the
researcher's doctoral supervisory committee.
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During their participation in this study, subjects were not required to sit up
longer than they were comfortable. Subjects were asked to dangle for 5minutes. Five
minutes was chosen because during the pilot study, that was the typical length of time for
first-time dangling. If the subject felt unwell before the end of the 5minutes, he would
immediately be returned to the supine position. During both the pilot and main study, no
patient expressed the need to lie back down before the 5minutes. This study did not
change routine nursing or medical care for the patient.
Data Analysis
All data were entered by only the researcher into acomputer data file. The data
were cleaned by inspecting for outliers and any irregularities, such as wild codes (i.e. a
code that is impossible). All outliers were examined to determine whether the researcher
made an error in recording the data. Several outliers were present in the data set. Data
analysis was done with the outliers in the distribution and then again with the outliers
removed.
Data were also examined for missing data. There were only afew data values
absent and they occurred in arandom pattern and were fully explainable. Missing data
was handled by using observations with complete data only during the analysis. This
procedure, called listwise deletion, is adefault procedure in the statistical program SPSS
and is the easiest and most direct method for dealing with missing data (Duffy &
Jacobsen, 2001).
Frequency distributions were generated for each of the research variables to
examine whether the key research variables conformed to the assumption of anormal
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distribution. Misleading or invalid results can occur if this assumption is violated and
inferential statistics are employed (Pout, 1996).
Sample demographic (e.g. BMI, comorbidities, age) and clinical data were
analyzed using descriptive statistics (i.e., means, standard deviation or percentages
depending on level of data). The relationships between subjects' physiologic data were
examined using Pearson's product-moment correlation coefficient. The dependent
variables for each observation were summarized using descriptive statistics (i.e., means,
standard deviations), examined using boxplots, and displayed graphically using
normalized values. For interval level dependent variables (i.e., HR, BP, SvO2,SaO2,SV)
repeated-measures ANOVA was used to test time differences. From there, paired t-tests
were performed for each time interval to determine where the statistically significant
changes occurred.
The relationships between the dependent outcome variables were examined using
Pearson's product-moment correlation coefficients. Because of the wide variability of
physiologic responses to dangling, the data were divided first by median, then by
quartiles and the data reanalyzed using repeated-measures ANOVA to determine whether
there were subgroups of subjects based on baseline data, who responded differently to
dangling than others (e.g., did relatively hypertensive subjects experience greater or
lesser responses to dangling acertain times than normotensive subjects?) Finally, the data
were also reanalyzed using repeated-measures ANOVA with all outliers removed to
determine if the outliers were influencing the results.
To answer the second research question, independent sample t-tests were
performed with the outcome variables and documented co-morbidities and 13-blocker use.
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To further explore any differences between groups, a2-way ANOVA was performed to
examine the time effect and the demographic effect. Where an interaction effect was
discovered, simple effects testing was done to see how the groups varied. The
relationship between the outcome variables and physiologic data on the continuous scale
were examined using Pearson's product-moment correlation coefficient. A one-way
ANOVA was performed to evaluate the influences smoking history and type of analgesia
used had on the dependent variables.
Categorical data are shown as apercentage whereas continuous data are shown as
amean with arange/ standard deviation. All statistical testing was performed with SPSS
version 11.5. Statistical consultation was provided by Dr. Talc Fung, Information
Technologies, University of Calgary.
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CHAPTER FOUR: RESULTS
Sample
A total of 69 subjects were approached to participate in this study. After agreeing
to listen to the researcher explain the purpose and protocol of the study, four subjects
refused to participate. Eight subjects were excluded from the study because they did not
meet the criteria for inclusion; they returned from the operating room without a
pulmonary artery catheter in place. Another two subjects were excluded from the study
because they had their PA catheter removed three days postoperatively. Thus, the final
sample consisted of 55 men experiencing CABG surgery for the first time.
Table 5: Characteristics of Sample
Variable

ii

Range

Age (yrs)

55

38.7

BMI

Mean

Standard Deviation

82.4

63.7

10.9

55

20.7-40,7

28.8

5.0

Hemoglobin

55

81.0-120.0

99.6

11.1

Number of grafts

55

2.0

3.3

1.1

Pump time (min)

51*

35.0- 150.0

75.9

27.3

Cross-clamp time (min)

51*

23.0-123.0

54.1

21.0

Fluid balance (ml)

54"

-629.0— 12,307.0

976.6

1851.1

Time since analgesia
(hr)
Time since spinal
analgesia (hr)
Time from admission to
CVICU to dangle (hr)

49z\

0.0-11.8

2.9

2.9

44o

6.3

61.0

15.8

9.4

55

5.0

57.8

13.2

9.8

* missing

-

-

-

-

6.0

data because four subjects had surgery without cardiopulmonary bypass
approximation only since operating room fluids not accounted. This represents only postop.
A missing data explained below
ci missing data explained below

A
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With respect to the presence of co-morbidities, one-third of the subjects had
diabetes (n = 22; 40.0%). Approximately three-quarters of subjects had hypertension (n =
40; 72.7%). Seven subjects (12.7%) had pulmonary disease as documented as either
asthma or chronic obstructive pulmonary disease (COPD). Two-thirds of subjects had a
previous myocardial infarction (n =36; 65.5%) as documented in the medical record.
One subject had chronic renal failure (1.8%) and received hemodialysis in the operating
room. One-third of subjects had documented left ventricular dysfunction (n = 20; 36.4%);
however, only 14(25.5%) subjects had an ejection fraction documented (range 24%

-

68%; mean 50.3%; SD 14.1). Almost one-half of subjects were classified as obese (n =
23; 41.8%) with aBMI greater than 30.
Sixteen (29.1%) subjects reported that they had never smoked, while nearly onehalf of subjects reported they had quit smoking longer than three months previously (n
29; 52.7%). Four (7.3%) subjects reported that they had quit smoking within the last three
months, and six (10,9%) subjects currently smoked.
Most subjects were taking af3-blocker preoperatively (n = 48; 87.3%). The most
commonly prescribed f3-blocker was metoprolol, taken twice each day. Most subjects had
not restarted on their daily dose at the time of this study.
All subjects experienced cardiac surgery with cardiopulmonary bypass except for
four subjects who had surgery "off pump". Most subjects (n = 44; 80.0%) had spinal
analgesia given at the beginning of the case. The usual pharmacological agents used were
morphine 0.5 mg and sufentanil 50ug intrathecally. Postoperatively, the types of
analgesia received by subjects were morphine (n = 29; 52.7%), hydromorphine (n =6;
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10.9%), tylenol #3 (n =6; 10.9%), or demerol (n =6; 10.9%). Six subjects (10.9%) did
not receive any analgesia postoperatively.
Relationships Between

'Physiologic Data

Correlations between the sample's physiologic data on acontinuous scale, were
examined by calculating Pearson's product-moment correlation coefficients (r). All
correlations are displayed in Appendix H. Using Colton's (1974) rule for interpreting the
size of correlations, there were strong, positive correlations for aortic cross-clamp time
and cardiopulmonary bypass pump time (r =0.95,

p

<0.001), time since spinal analgesia

and time postoperative to dangle (r = 0.97, p <0.001), and time since spinal analgesia
and fluid balance (r = 0.83, p< 0.001).
There were moderate, positive correlations between number of bypasses and
cardiopulmonary bypass pump time (r = 0.71,

p

postoperative hours before dangle (r = 0.62,

<0.001), and number of bypasses and

aortic cross-clamp time (r =0.67,

p

p

<0.001), fluid balance and number of

<0.001).

There were weak, positive correlations for fluid balance and age (r =0.33, p
0.014), and time since spinal analgesia and cardiopulmonary bypass pump time (r =0.3 1,
p= 0.05).
Weak, negative correlations were found for BMI and age (r = -0.27, p= 0.048),
and aortic cross-clamp time and hemoglobin (r = -0.28, p= 0.048).
Research Question #1
What are the hemodynamic and oxygenation effects offirst-time dangling among male
patients after coronary artery bypass surgery?
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Mean values and standard deviations of the outcome variables (HR. SBP, DBP,
MAP, SaO2,SvO2,SV) follow in Table 6.
Table 6: Mean Values (Standard Deviations) of Outcome Variables
Variable

Baseline

Dangling

HR
(bpm)
SBP
(mmHg)
DBP
(mmHg)
MAP
(mmHg)
SpO2 (%)

86.7 (14.7)

SvO2

(%)

SV

92.4 (14.7)

Dangling-5
min
93.1 (16.3)

92.1 (15.5)

Supine-10
m
86.9 (14.6)

115.9 (18.6)

111.7 (21.1)

121.8 (22.9)

116.8 (19.2)

114.8 (16.7)

56.8 (6.9)

57.9(10.4)

61.9 (9.8)

55.8 (8.2)

54.9 (6.6)

74.2(8.8)

74.4(12.2)

80.3 (11.6)

74.1(10.1)

72.7(8.6)

95-8 (2.3)

95.7 (2.9)

95.5 (2.6)

95.3 (2.7)

95.0 (2.5)

60.1 (6.6)

46.7 (7.5)

50.9 (7.6)

53.2 (9.6)

58.9 (6.8)

46.2 (10.2)

37.2 (11.6)

45.9(12.6)

47.4 (11.5)

48.0 (11.3)

Supine

What is the Effect ofFirst-Time Dangling on HR?
Heart rate responses are depicted in Figure 2. (In all of the boxplots, mild outliers
are depicted by an "o" and extreme outliers are depicted by a"*"• Mild outliers are
defined as those values that lie outside of both the 25th and 75 'h percentile values by the
amount of 1.5 times the interquartile range. For example, if the 25
and the

75111

h

percentile value is 37

percentile value is 42 then any measurements lower than 37- 1.5 x5=29.5

or higher than 42+ 1.5 x5=49.5 (but not going beyond the extreme outlier range as
discussed next) are mild outliers. Extreme outliers are defined as those values that lie
outside of both the 25 th and

75

th

percentile values by the amount of 3times the

interquartile range. Thus an extreme outlier would be avalue less than 22 or greater than
57 for the above example.)
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Figure 2: Heart Rate

The graph of mean heart rate values is found in Appendix I. The normalized
(where the baseline measurement is converted to 100 and changes are depicted as percent
change) heart rate responses are depicted in Figure 3.
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Figure 3: Normalized Heart Rate Responses
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Using arepeated-measures analysis of variance, there was asignificant time effect
for HR (F (4, 216)

=

27.13,

p

<0.001).

To further explore the time effect, paired t-tests were done for each time interval.
The following table presents those results.
Table 7: Paired t-tests for Heart Rate
Baseline
HR
*

-

Dangle

t(54)=7.77,p<O.001*

Dangle
min

-

Dangle 5

t(54)-O.81,p0.419

Dangle 5mm
Supine

-

t(54)= 1.07,p=O.288

Supine
10 mm

-

t(54)= l.18,p<O.00l*

significant at 0.05 level
There was asignificant difference in HR between the baseline and dangling

position and the supine and resting for 10 minutes observation.
What is the Effect ofFirst-Time Dangling on SBP?
Systolic blood pressure responses are depicted in Figure 4.
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Figure 4: Systolic Blood Pressure

Supine
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Mean systolic blood pressure values are found in Appendix I. The normalized
systolic blood pressure responses are depicted in Figure 5.
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Figure 5: Normalized Systolic Blood Pressure Responses

Using arepeated-measures analysis of variance, there was asignificant time effect
for SBP (F (4,216)

=

5.39,

p

<0.001). To further explore the time effect, paired t-tests

were done for each time interval. The following table presents those results.
Table 8: Paired t-tests for Systolic Blood Pressure
Baseline
SBP
*

-

t(54)= 1.61,

Dangle
p= 0.114

Dangle
min

-

Dangle 5

t(54)= -4.62, p<0.001*

Dangle 5mm
Supine

-

t(54)= 2.34, p= 0.023*

Supine
10 mm

-

Supine

t(54)= 1.18, p= 0.244

significant at 0.05 level
There was asignificant difference in SBP while the subjects were dangling for 5

minutes and then on return to the supine position.
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What is the Effect ofFirst-Time Dangling on DBP?
Diastolic blood pressure responses are depicted in Figure 6.
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Figure 6: Diastolic Blood Pressure

Mean diastolic blood pressure values are found in Appendix I. The normalized
diastolic blood pressure responses are depicted in Figure 7.
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Figure 7: Normalized Diastolic Blood Pressure Responses
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Using arepeated-measures analysis of variance, there was asignificant time effect
for DBP (F (4, 216)

=

15.17,

p

<0.001). To further explore the time effect, paired t-tests

were done for each time interval. The following table presents those results.
Table 9: Paired t-tests for Diastolic Blood Pressure
Baseline
DBP

-

Dangle

I(54)-O.91,p

Dangle
min

-

Dangle 5

t(54)=3.75,p<0.001*

Dangle 5min
Supine

-

t(54)6.87,p<O.001*

Supine
10 min

-

Supine

t(54)= l.19,pO.241

0.366

*significant at 0.05 level
There was asignificant difference in DBP while the subjects were dangling and
then on return to the supine position.
What is the Effect ofFirst-Time Dangling on MAP?
Mean arterial pressure responses are depicted in Figure 8.
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Figure 8: Mean Arterial Pressure
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Mean MAP values are found in Appendix I. The normalized mean arterial
pressure responses are depicted in Figure 9.
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Figure 9: Normalized Mean Arterial Pressure Responses

Using arepeated-measures analysis of variance, there was asignificant time effect
for MAP (F (4, 216)

=

13.19,

p

<0.001). To further explore the time effect, paired t-tests

were done for each time interval. The following table presents those results.
Table 10: Paired t-tests for Mean Arterial Pressure
Baseline
MAP

-

Dangle

t(54)-O.15,p0.880

Dangle
min

-

Dangle 5

t(54)=4.91,p<O.001*

Dangle 5mm
Supine

-

t(54)6.28,p<O.001*

Supine
10 min

-

t(54)1.49,p0.141

significant at 0.05 level
There was asignificant difference in MAP while the subjects were dangling and
then on return to the supine position.
What is the Effect ofFirst-Time Dangling on SaO2?
Arterial oxygen saturation responses are depicted in Figure 10.
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Figure 10: Arterial Oxygen Saturation

Mean arterial oxygen saturation values are found in Appendix I. The normalized
mean arterial oxygen saturation responses are depicted in Figure 11.
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Figure 11: Normalized Arterial Oxygen Saturation Responses
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Using arepeated-measures analysis of variance, there was no significant time
effect for SaO2 (F (4, 216)

=

1.89, p= 0.114). Since there was no significant time effect

for SaO2 it was not necessary to further explore the time effect using paired t-tests;
however, for the sake of completeness this analysis was done for each time interval. The
following table presents those results.

Table 11: Paired t-tests for Arterial Oxygen Saturation
Baseline
SaO2

1(54)

=

Dangle

-

0.20 , p=0.839

Dangle
mill
t(54)

=

-

Dangle 5

0.74, p=0.464

Dangle 5mm
Supine
t(54) =0.56, p=0.577
-

Supine
10 mill

What is the Effect ofFirst-Time Dangling on SvO2?
Mixed venous oxygen saturation responses are depicted in Figure 12.
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Figure 12: Mixed Venous Oxygen Saturation
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t(54) =0.79, p= 0.435

Again there were no significant difference in SaO 2 during each of the time
intervals.

-
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Mean mixed venous oxygen saturation values are found in Appendix I. The
normalized mixed venous oxygen saturation responses are depicted in Figure 13.
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Figure 13: Normalized Mixed Venous Oxygen Saturation Responses

Using arepeated-measures analysis of variance, there was asignificant time effect
for SvO2 (F (4, 204)

=

103.36, p< 0.001). To further explore the time effect, paired t-

tests were done for each time interval. The following table presents those results.
Table 12: Paired t-tests for Mixed Venous Oxygen Saturation
Baseline

-

Dangle

SvO2 t(54)20.97,p<O.001*
*

Dangle
mill

-

Dangle 5

t(54)7.44,p<O.001*

Dangle 5mm
Supine

-

t(53)2.56,pO.O13*

sigmficant at 0.05 level
There were significant differences in SvO2 during all time intervals.

What is the Effect ofFirst-Time Dangling on SV?
Stroke volume responses are depicted in Figure 14.
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t(5l)5.63,p<O.001*
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Figure 14: Boxplot of Normalized Stroke Volume

Mean stroke volume values are found in Appendix I. The normalized stroke
volume responses are depicted in Figure 15.
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Using arepeated-measures analysis of variance, there was asignificant time
effect for SV (F (4, 188)

=

16.92,

p

<0.001). To further explore the time effect, paired t-

tests were done for each time interval. The following table presents those results.
Table 13: Paired t-tests for Stroke Volume
Baseline
SV
*

-

Dangle

T(5O)6.26,p<O.001*

Dangle
min

-

Dangle 5

t(5O)5.54,p<0.001*

Dangle 5mm
Supine

-

t(5O)'-1.14,pO.259

Supine
10 mm

-

t(49)-O.75,p0.459

significant at 0.05 level
There was asignificant difference in SV during the intervals of baseline to

dangling, and then dangling to dangling for 5minutes.
The changes in all dependent variables are summarized in the following graph
using the normalized values for each variable.

Summary of Variable Changes Using
Normalized Means

Figure 16: Summary of Effects on Each Dependent Variable

Supine
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Relationships between all dependent variables during the immediate dangling
time (T2) are displayed in Appendix L.
Analysis by Median
Since there was awide variability among the results for each of the outcome
variables for each time interval, the data were divided by median for baseline values and
analyzed using repeated-measures analysis of variance by below and above median. This
analysis was done to examine whether those subjects who had values either below or
above the median demonstrated significant changes. The results are displayed in the
following tables.
Table 14: Repeated Measures ANOVA by Median for HR
F (dli, df2)

=

Below median (n =31)

F(4, 120)

14.38

p< 0.001*

Above median (n=28)

F(4, 108)= 13.63

p<0.001*

*

=

F

pvalue

significant at the 0.05 level
There was asignificant time effect of dangling on HR for both those below and

above the median.
Table 15: Repeated Measures ANOVA by Median for SBP
F (dli, df2)

=

Below median (n = 30)

F(4, 116)

=

2.61

p= Ø•Ø39*

Above median (n = 28)

F(4, 108)

=

4.48

p= 0.002*

*

F

pvalue

significant at the 0.05 level
There was asignificant time effect of dangling on SBP for both those below and

above the median.
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Table 16: Repeated Measures ANOVA by Median for DBP
F(dfl,df2)=F

pvalue

29)

F(4, 112)

=

7.62

P<0.001*

Above median (n = 29)

F(4,112)

=

9.32

P<0.001*

Below median

*

(ii

=

significant at the 0.05 level
There was asignificant time effect of dangling on DBP for both those below and

above the median.
Table 17: Repeated Measures ANOVA by Median for MAP
F (df, df2)

=

F

Below median (n =28)

F(4, 108)

Above median (n =28)

F(4, 108) = 10.17

*

=

5.54

pvalue
p<0.001*
p<O.001*

significant at the 0.05 level
There was asignificant time effect of dangling on MAP for both those below and

above the median.
Table 18: Repeated Measures ANOVA by Median for SvO2
F (dii, d12)

=

Below median (n = 28)

F(4, 108)

=

40.82

p<0.001*

Above median (n = 28)

F(4, 108)

=

79.37

p< 0.001*

*

F

pvalue

significant at the 0.05 level
There was asignificant time effect of dangling on SvO2 for both those below and

above the median.
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Table 19: Repeated Measures ANOVA by Median for SV
F(dfl,d12)=F

pvalue

Below median (n = 24)

F(4, 92)

=

6.26

p<0.001*

Above median (n = 24)

F(4, 92)

=

12.59

p<0.001*

* significant

at the 0.05 level

There was asignificant time effect of dangling on SV for both those below and
above the median.

Analysis by Quartiles
Since there was awide variability among the results for each of the outcome
variables for each time interval, the data were divided by quartiles for baseline values and
analyzed using repeated measures analysis of variance by quartile. The results are
displayed in the following tables.

Table 20: Repeated Measures ANOVA by Quartiles for HR
F(dfl,d!2)=F

pvalue

Lowest quartile (n = 12)

F(4,44)

=

7.70

p< 0.001*

Second quartile (n = 15)

F(4, 56)

=

6.82

p<0.001*

Third quartile (n = 14)

F(4, 52)

=

6.34

p< 0.001*

Upper quartile (n = 14)

F(4, 52)

=

7.27

p<0.001*

* significant

at the 0.05 level
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All quartiles for HR showed asignificant time effect.

Table 21: Repeated Measures ANOVA by Quartiles for SBP
F(dfl,df2)=F

pvalue

Lowest quartile (n = 13)

F(4,48)

=

1.80

p= 0.145

Second quartile (n = 14)

F(4, 52)

=

1.40

p= 0.249

Third quaitile (n = 14)

F(4, 52)

=

2.41

p= 0.061

Upper quartile (n= 14)

F(4, 52)3.74

*

p=O.OlO*

significant at the 0.05 level
Only those subjects in the upper quartile for SBP demonstrated atime effect with

dangling.

Table 22: Repeated Measures ANOVA by Quartiles for DBP
F (dfl, df2)

=

F

pvalue

Lowest quartile (n = 12)

F(4,44)

=

5.54

p=0.001*

Second quartile (n = 14)

F(4, 52)

=

3.51

p= 0.013*

Third quartile (n = 13)

F(4,48)

=

6.36

p<0.001*

Upper quartile (n = 16)

F(4, 60)

=

4.63

p= Ø•ØØ3*

*

significant at the 0.05 level
All quartiles for DBP showed asignificant time effect with dangling.
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Table 23: Repeated Measures ANOVA by Quartiles for MAP
F (dfl, d!2)

=

F

pvalue

Lowest quartile (n = 12)

F(4,44)= 1.98

p=O.115

Second quartile (n = 15)

F(4, 56)

=

6.09

p< 0.001*

Third quartile (n = 11)

F(4,40)

=

4.50

p= 0.004*

Upper quartile

F(4, 64)

=

5.82

p<0.001*

*

(ii

=

17)

significant at the 0.05 level
The second, third, and upper quartiles for MAP showed asignificant time effect

with dangling.

Table 24: Repeated Measures ANOVA by Quartiles for SvO2
F (dfl, df2)

=

F

pvalue

Lowest quartile (n = 11)

F(4,40)

=

15.98

p<0.001*

Second quartile (n = 13)

F(4,48)

=

19.04

P<0.001*

Third quartile (n = 13)

F(4,48)

=

36.02

p<0.001*

Upper quartile (n = 15)

F(4, 56)

=

56.59

p<0.001*

*

significant at the 0.05 level
All quartiles for SvO2 showed asignificant time effect for dangling.
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Table 25: Repeated Measures ANOVA by Quartiles for SV
F (dfl, dt2)

=

F

pvalue

Lowest quartile (n = 11)

F(4,40)

=

1.74

p= 0.15

Second quartile

F(4,44)

=

4.40

p= 0.004*

Third quartile (n = 13)

F(4,48)

=

10.66

p<0.001*

Upper quartile (n = 12)

F (4, 44) =5.51

*

(ii =

12)

p< 0.001*

significant at the 0.05 level
The second, third, and upper quartiles for SV showed asignificant time effect for

dangling.

Analysis with Outliers Removed
Finally, for each of the dependent variables, the outliers were eliminated and a
repeat measures ANOVA was recalculated. The results are displayed in the table below.

Table 26: Repeated Measures ANOVA with Outliers Eliminated
HR

n53

F(4,208)=25.42

p<O.001*

SBP

n=50

F(4,196)=6.34

p<O.00l*

DBP

n=51

F(4,200)=13.07

p<O.00l*

MAP

n=50

F(4,196)= 11.92

p<0.00l'

5a02

n 40

F (4, 156)

p<0.001*

=

=

4.04

SvO2

n 49

F(4, 192)

=

114.18

p<0.001*

SV

n 46

F(4, 180)

=

21.02

p< 0.001*

=

=

* significant

at the 0.05 level

When all outliers were removed there was still asignificant time effect of
dangling on all dependent variables.
Research Question #2
What is the relationship between the outcome variables and select demographic and
physiologic data, specifically, (1) co-morbidities and/i-blocker use, (2) age, BMI
hemoglobin, length ofbedrest, EF, number of bypasses, pump time, cross-clamp time,
time since analgesia, fluid balance, and (3) smoking history and type ofanalgesia
received by subjects?
Co-morbidities and/i-blocker Use
Independent sample t-tests were conducted with co-morbidities and -b1ocker use and
all outcome variables.
Those subjects who had adocumented previous MI had asignificantly higher HR
while dangling for 5minutes (t (53)
(53)

=

=

2.3, p=0.025), returning to the supine position (t

2.6, p= 0.0 12), and then 10 minutes after assuming the supine position (t (53)

=

2.3, p= 0.023) as compared with those who did not have aMI. Also, those subjects who
had adocumented MI had asignificantly lower SvO2 while dangling for 5minutes (t (53)
=

-2.7, p= 0.011) than those who did not have aMI.
Those subjects who had hypertension, had asignificantly higher MAP at baseline

(t (53)

=

2.5, p= 0.0 18), and during both measurements after returning to the supine

position in bed (t (53)

=

3.6, p= 0.001; t(53) =3.4, p= 0.001) than those who did not
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have hypertension. Those subjects who had hypertension had asignificantly lower
SvO2 after dangling for 5minutes (t (53)

=

-2.0, p= 0.049) than those who did not have

hypertension. Further, those subjects who had hypertension had asignificantly higher
BMI (t (53)

=

2.3, p= 0.024) and asignificantly longer cardiopulmonary bypass pump

time (t (49)

=

2.0, p= 0.05) than those who were not diagnosed with hypertension.

Subjects who had diabetes had asignificantly higher MAP after returning to the
supine position for 10 minutes (t (53) =2. 1, p= 0.042) than those who did not have
diabetes. Those subjects who had apre-existing pulmonary disease had asignificantly
lower SvO2 immediately on dangling (t (53)

=

-2.2, p= 0.035) than those who did not

have pulmonary disease.
Subjects who were obese had significantly lower SaO2 readings at baseline (t (53)
=

-3.0, p=0.004), return to the supine position (t (53)

=

-3.3, p= 0.002), and after 10

minutes of return to supine position (t (53) =-2.9, p= 0.005) compared with those who
were not obese. Subjects who were obese also had significantly lower SvO2 readings 5
minutes after dangling (t (53) =-2.9, p= 0.004) and 10 minutes after return to the supine
position (t (5 1) =-2.4, p= 0.019).
Subjects who had documented LV dysfunction were significantly older (t (52)
2. 1, p= 0.039), had significantly lower ejection fractions (t (11)

=

-5.0,

p

=

<0.001), and

had significantly lower 5V02 measurements immediately on dangling (t (52)

=

-2.1, p=

0.041) than those who did not have LV dysfunction. Finally, subjects who were on aJ3blocker preoperatively experienced asignificantly shorter aortic cross-clamp time (t (49)
=

-2.1, p= 0.045) than those who were not on a13-blocker.

Analysis by group. To further explore the relationships between the outcome
variables and co-morbidity data, a2-way ANOVA (one between-subject factor

-
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co-

morbidity of 2levels and one within subject factor with time of five levels) was
conducted to examine the time effect and the group effect. The results are displayed in
the following tables.

Table 27:2-way ANOVA for ML
Group-by-time Effect

Group Effect

F (dfl, df2)

F (dfl, df2)

p-value

Time Effect
p-value

F (dil, df2)

p-value

HR

2.12 (4,212), 0.079

4.91 (1, 53), 0.031*

23.16 (4,212), <0,001*

SBP

0.70 (4, 212), 0.590

1.08 (1, 53), 0.303

4.68 (4, 212), 0.001*

DBP

0.83 (4, 212), 0.508

0.05 (1, 53), 0.832

15.76 (4, 212), <0.001*

MAP

0.25 (4,212), 0.912

0.08 (1, 53), 0.783

12.16 (4, 212), <0.001*

SaO2

0.91 (4, 212), 0.460

0.24 (1, 53), 0.625

2.47(4,212), 0.046*

SvO2

1.13 (4,200), 0.342

5.40 (1, 50), 0.024*

87.22 (4,200), <0.001*

SV

1.68 (4, 184), 0.156

1.65 (1,46), 0.206

15.07 (4, 184), <0.001*

*

significant at the 0.05 level

There was no significant time-by-MI interaction effect for any of the outcome
variables, but there was asignificant time effect for all dependent variables. There was a
significant group (MI) effect for HR and SvO2.
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Table 28: 2-way ANOVA for Obesity
Group-by-time Effect

Group Effect

F (dfl, d12)

F (dfl, d12)

p-value

Time Effect
p-value

F (dfl, dfl)

p-value

HR

1.13 (4, 212), 0.344

0.77 (1, 53), 0.384

26.99 (4, 212), <0.001*

SBP

0.18 (4,212), 0.950

0.05 (1, 53), 0.862

5.31 (4,212), <0.001*

DBP

0.94 (4,212),0.439

1.72 (1, 53), 0.195

13.86 (4,212), <0.001*

MAP

0.45 (4,212), 0.772

0.22 (1, 53), 0.641

12.48 (4, 212), <0.001*

SaO2

0.91 (4,212), 0.457

9.67 (1, 53), 0.003*

2.09 (4,212),0.083

SvO2

0.56 (4, 200), 0.691

6.88 (1, 50), 0.012*

100.93 (4, 200), <0.001*

SV

1.27 (4, 184),0.285

0.51 (1, 46), 0.477

16.72 (4,184), <0.001*

significant at the 0.05 level
There was no significant time-by-obesity interaction effect for any of the outcome
variables, but there was asignificant time effect for all dependent variables except SaO2.
There was asignificant group (obesity) effect for SaO2 and SvO 2.
Table 29: 2-way ANOVA for LV Dysfunction
Group-by-time Effect

Group Effect

F (dli, d12)

F (dli, df2)

p-value

Time Effect
p-value

F (dli, d12)

p-value

HR

0.76 (4,208), 0.552

0.01 (1, 52), 0.922

28.38 (4, 208), <0.001*

SBP

1.19 (4, 208), 0.318

0.00 (1, 52), 0.968

5.38 (4, 208), <0.001*

DBP

1.04 (4,208),0.387

0.09 (1, 52), 0.766

17.49 (4,208), <0.001*

MAP

0.63 (4,208), 0.640

0.53 (1, 52), 0.471

13.12 (4,208), <0.001*

SaO2

1.18 (4,208), 0.321

0.03 (1, 52), 0.867

SvO2

0.55 (4,196), 0.702

3.05 (1,49), 0.087

90.57 (4, 196), <0.001*

SV

1.14 (4, 180), 0.352

0.43 (1, 45), 0.518

17.11 (4, 180), <0.001*

*

1.74 (4,208),0.143

significant at the 0.05 level
There was no significant time-by-LV dysfunction interaction effect for any of the

outcome variables, but there was asignificant time effect for all dependent variables
except SaO2.There was no significant group (LV dysfunction) effect for any of the
dependent variables.
Table 30: 2-way ANOVA for Hypertension
Group-by-time Effect

Group Effect

Time Effect

F (dfl, df2)

F (dfl, df2) p-value

F (dfl, df2)

p-value

p-value

HR

17.18 (4,212), 0.490

0.32 (1, 53), 0.573

22.45 (4,212), <0.001*

SBP

1.03 (4, 212), 0.391

1.38 (1, 53), 0.246

4.92 (4, 212), 0.001*

DBP

0.99 (4, 212), 0.413

11.12 (1, 53),

12.85 (4,212), <0.001*

MAP

0.94 (4, 212), 0.442

8.20 (1, 53), 0.006*

12.01 (4, 212), <0.001*

SaO2

0.28 (4,212), 0.891

0.87 (1, 53), 0.355

1.42 (4,212),0.230

SvO2

1.02 (4,212),0.396

2.05 (1, 50), 0.159

81.03 (4,212), <0.001*

SV

1.00 (4,212), 0.407

0.17 (1,46), 0.684

11.61 (4,212), <0.001*

*

0.002*

significant at the 0.05 level

There was no significant time-by-hypertension interaction effect for any of the
outcome variables, but there was asignificant time effect for all dependent variables
except SaO2.There was asignificant group (hypertension) effect for DBP and MAP.
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Table 31: 2-way ANOVA for Pulmonary Disease
Group-by-time Effect

Group Effect

Time Effect

F (dli, d12) p-value

F (dfl, df2) p-value

F (dli, df2)

HR

0.16 (4, 212), 0.956

0.28 (1, 53), 0.598

10.87 (4, 212), <0.001*

SBP

5.21 (4, 212), 0.001*

0.08 (1, 53), 0.778

7.42 (4,212), <0.001*

DBP

0.60 (4,212),0.663

0.04 (1, 53), 0.852

8.98 (4,212), <0.001*

MAP

0.81 (4, 212), 0.523

0.01 (1, 53), 0.906

6.51 (4, 212), <0.001*

SaO2

0.31 (4,212), 0.869

0.21 (1, 53), 0.649

1.30 (4,212),0.272

SvO2

2.36 (4, 212), 0.06

1.09 (1, 53), 0.303

59.16 (4, 212), <0.001*

SV

1.56 (4, 212), 0.186

0.68 (1, 53), 0.414

13.57 (4, 212), <0.001*

*

p-value

significant at the 0.05 level
An interaction effect means that the groups change over time but not in asimilar

or parallel manner. There was asignificant time-by-pulmonary disease interaction effect
for SBP, meaning the time effect varied with the group effect and the group effect varied
with the time effect. Since there was an interaction effect for pulmonary disease and SBP,
it was necessary to explore this further. To do this, it was necessary to do simple effect
testing for the interaction to see how the groups varied. Simple effect testing involves
comparing the means of the groups at the various time intervals. For SBP and pulmonary
disease the follow table depicts the means during each of the observations.
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Table 32: Simple Effects Testing for SBP and Pulmonary Disease

Pulmonary
disease
No
pulmonary
disease

Ti SBP

T2 SBP

T3 SBP

T4 SBP

T5 SBP

124.43

99.27

120.43

127.14

118.29

114.71

113.50

122.00

115.29

114.33

There were no significant differences between SBP for each of the time intervals;
however, one can see the interaction effect. For example, at Ti SBP is higher among
those who have pulmonary disease than those without. At T2 and T3, SBP is higher
among those who do not have pulmonary disease. Then it changes again for T4 and T5
where those with pulmonary disease have higher values.
There was asignificant time effect for all dependent variables except SaO2. There
was no significant group (pulmonary disease) effect for any of the dependent variables.

Table 33: 2-way ANOVA for Subjects Receiving a-Blockers
Group-by-time Effect

Group Effect

Time Effect

F (df1, d12) p-value

F (dfi, df2) p-value

F (dfi, d12)

HR

0.53 (4, 212), 0.713

0.13 (1, 53), 0.717

10.17 (4, 212), <0.001*

SBP

4.14 (4, 212), 0.003*

1.35 (1, 53), 0,25 1

4.66 (4, 212), 0.001

DBP

1.27 (4,212),0.282

0.00 (1, 53), 0.988

8.16 (4,212), <0.001*

MAP

1.71 (4, 212), 0.149

0.05 (1, 53), 0.828

4.92 (4, 212), 0.001*

p-value

SaO2

2.54 (4, 212),

SvO2
SV

0.12 (1, 53), 0.735

3.35 (4, 212), 0.011*

1.57 (4, 200), 0.183

0.70 (1, 50), 0.407

43.68 (4, 200), <0.001*

1.39 (4, 184), 0.238

068 (1, 53), 0.413

9.87 (4, 184), <0.001*

0.041*

significant at the 0.05 level
For those taking a(3-blocker preoperatively, there was asignificant time effect for
all dependent variables except SBP. There was no significant group

(13-blocker)

effect for

any of the dependent variables.
There was asignificant time-by-(3-blocker use interaction effect for SBP and
SaO2,meaning the time effect varied with the group effect and the group effect varied
with the time effect for these two dependent variables. Since there was an interaction
effect for 13-blocker use and SBP and SaO2, it was necessary to explore this further. To do
this, it was necessary to perform simple effect testing for the interaction to see how the
groups varied. For SBP and 13-blocker use the following table depicts the means during
each of the observations.

Table 34: Simple Effects Testing for SBP and -BIocker Use
Ti SBP

T2 SBP

T3 SBP

T4 SBP

T5 SBP

13-blocker

116.23

114.08

123.98

116.58

115.21

No p-blocker

114.00

95.29

106.86

118.29

112.29

There was asignificant difference between SBP at T2 (F(1)

=

5.21, p= 0.026);

and, one can see the interaction effect. For example, at Ti, T2, and T3 SBP is higher

among those taking a 3-b1ocker than those not taking a 3-blocker. At T4, SBP is higher
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among those who do not take ap-blocker. Then it changes again for T5 where those
taking a -b1ocker have higher values.
For SaO2 and n-blocker use the following table depicts the means during each of
the observations.
Table 35: Simple Effects Testing for SaO2 and il-Blocker Use
Ti SaO2

T2 SaO2

T3 SaO2

T4 SaO2

T5 SaO2

p-blocker

95.79

95.52

95.50

95.13

95.17

No p-blocker

95.86

97.14

95.14

96.29

94.14

There were no significant differences between SaO2 at any of the time intervals;
however, one can see the interaction effect. For example, at Ti, and T2, SaO2 is higher
among those not taking a 3-b1oeker. At T3, SaO2 is higher among those who take a13blocker. Then it changes again for T4 where those not taking a13-blocker have higher
values and changes again at T5.

Relationships Between Outcome Variables and Physiologic Data
Correlations between the dependent outcome variables, and the physiologic data
on the continuous scale, were examined by calculating Pearson's product-moment
correlation coefficients (r). Given the very large number of correlations generated (5 time
periods by age, BMI, hemoglobin, EF, length of bedrest, number of bypasses, pumptime,
cross-clamp time, time since analgesia, and fluid balance) only those correlations for T2
(when the subjects were immediately dangling) are displayed in Appendix L.
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The only strong correlation was anegative correlation found between EF and
T2 MAP (r = -0.76, p= 0.002). Moderate positive correlations were found between EF
and T2 HR (r = 0.67, p= 0.008), and time since spinal analgesia given and T2 DBP (r =
0.5 1,

p

<0.001). Moderate negative correlations were found between EF and T2 SBP (r =

-0.60, p= 0.022) and EF and T2 DBP (r = -0.74, p= 0.003). The correlations associated
with ejection fraction need to be interpreted with caution, however, since only 14 subjects
had an EF documented.
Smoking History and Type ofAnalgesia
A one-way ANOVA was conducted to evaluate the influences smoking history
and type of analgesic used in the CVICU had on the dependent variables. Only 3
significant differences between groups appeared: type of analgesia and T3 SvO2 (F(4)
3.62, p=0.012), type of analgesia and T5 MAP (F(4)
history and Ti SvO2 (F(3)

=

=

=

4.82, p= 0.002), and smoking

2.97, p= 0.040).

To determine where the actual differences occurred, apost hoc test was
performed using Tukey's HSD. After running the post hoc test, significant differences
were noted for T3 SvO2 between those subjects who received morphine and those who
received hydromorphine, where those who received morphine had asignificantly higher
SvO2 while they were dangling for 5minutes than those who received hydromorphine. A
significant difference was also found for subjects who received hydromorphine and those
who had not received any analgesia where those who did not receive any analgesia had a
significantly higher SvO2 while dangling for 5minutes than those who received
hydromorphine.
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Table 36: Post Hoc Test for Significance for T3 SvO2 and Type of Analgesic
Received
Analgesic
Mean
Standard
Significance
differences
Error
jØ •79*
T3 SvO2
Morphine
3.12
0.010
Hydromorphine
T3 SvO2

Hydromorphine

13.00*

4.01

0.018

None
*

significant at the 0.05 level
A post hoc analysis showed significant differences for T5 MAP between those

subjects who received morphine and those who received hydromorphine, where those
who received hydromorphine had asignificantly higher MAP while they were supine for
10 minutes then those who received morphine. It was also found that subjects who
received tylenol #3 had asignificantly higher MAP while supine for 10 minutes than
those who received morphine.

Table 37: Post Hoc Test for Significance for MAP and Type of Analgesic Received
Analgesic
T5 MAP

Morphine

Mean
differences
995*

Standard
Error
3.39

0.039

3.38

0.014

Significance

Hydromorphine
T5 MAP

Morphine
Tylenol #3

*

significant at the 0.05 level

11.28*

A post hoc analysis showed significant differences for Ti SvO2 between those
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subjects who never smoked and those who quit smoking more than three months
duration, where those who never smoked had asignificantly higher SvO 2 at baseline than
those who quit smoking over three months.
Table 38: Post Hoc Test for Significance for SvO2 and Smoking History

Ti SvO2

Smoking
history
Never smoked

Mean
differences
5.19*

Standard
Error
1.94

Significance
0.049

Quit> 3mons
significant at the 0.05 level
Correlations of subjects' physiologic data are documented in Appendix L.
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CHAPTER FIVE: DISCUSSION
Extended bedrest is no longer recommended therapy for the patient after CABG
surgery. When aperson remains in the recumbent position in bed, more than just position
is changed. There is asubstantial redistribution of body fluids, generally amarked
decrease in the amount of muscular activity, and aredistribution of weight and pressure
(Bond & Underhill, 1994). More than any other healthcare professional, the nurse
influences the selection of patient position and the frequency, duration, and quality of the
patient's activity. It is, therefore, important to understand the effects of mobilization
among patients in various situations. Instituting appropriate prescriptions of position and
activity can optimize the effectiveness of therapies and minimize complications.
The first step to regaining mobility after extended bed rest or surgery is to dangle
at the bedside. Most of the research in this area has been done with young, healthy
individuals. It has been assumed, but never tested, that the physiologic effects apply as
well to older patients with cardiac disease and recovering from CABG surgery. After
CABG surgery, patients are commonly dangled once ventilatory and hemodynamic
stability have been achieved. Dangling at the bedside is an independent nursing
intervention believed to promote improved lung expansion, and chest tube drainage.
Dangling is also the first step toward regaining mobility. The purpose of this study was to
examine the effects of first-time dangling on select hemodynamic and oxygenation
parameters in male patients after CABG surgery. Emphasis was placed on effects on the
cardiovascular system, although it must be understood that all systems interrelate and that
what affects one system will influence the others.
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Principal Findings
Effects ofDangling on HR
HR changed significantly with dangling among the subjects in this study. This
finding is similar to the findings of other studies with healthy individuals and cardiac
patients (Kennedy & Crawford, 1984; McDaniel, 1989; Waite and Parsons, 1991) and
differs from other findings of cardiac patients (Dossa & Owen, 1993). HR increased by
about eight percent when the subjects first dangled and returned to near baseline levels
after the subjects were returned to the supine position and at rest for 10 minutes.
Significant changes in HR were not expected with dangling since most subjects were
taking a(3-blocking agent preoperatively. The observed increase in HR was likely the
compensatory response to the initial decrease in SBP and SV (Berne & Levy, 1993) and
since there was atime gap since they last received their f-blocker, the subjects were able
to elicit acompensatory response.
Because of the great variability in measurements, HR response was analyzed by
grouping subjects according to median and quartiles at baseline. It was thought that
perhaps subjects with either high or low HRs initially might respond differently from
each other group. In all cases, when the data were reanalyzed, there was asignificant time
effect, meaning that regardless of the baseline HR, subjects experienced asignificant HR
change during the dangling procedure. Even when outliers were removed, there was still
asignificant time effect during the dangling activity.
HR is an important parameter to monitor because HR directly affects cardiac
output. In general, as HR increases so does CO. This is important for nurses to
understand because if SV decreases, acompensatory response is to increase HR to
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maintain CO, and CO is integral for delivering oxygen to body tissues. There are the
extremes of HR, however, when CO is adversely affected: if apatient's HR is too slow,
then CO is not maintained, and if HR is too fast (e.g.> 150 b/mm) then diastolic filling
time is shortened, SV is decreased, and coronary perfusion time is decreased. The result
can be adecrease in CO, decreased tissue perfusion, and even myocardial ischemia
(Berne & Levy, 1993; Guyton, 1986). Thus, while subjects did significantly increase their
HR during the dangling procedure, they did not appear to experience any adverse effects.
Further, their increase in HR was statistically significant, but not clinically significant.
No adverse effects occurred, no intervention was necessary, and they returned to baseline
within 10 minutes of returning to the supine position. Most subjects (87%) were taking a
n-blocking agent preoperatively and this may have attenuated their responses.
3-blockers and their effects on HR. f3-adrenoceptor blocking drugs (3-blockers)
constitute acornerstone of therapy for cardiovascular disease. These agents are
commonly used in the medical management of isehemic heart disease, hypertension,
arrhythrnias, and heart failure (Rutherford & Braunwald, 1992). The salutary action of
these agents depends on their ability to cause inhibition of the effects of neuronally
released and circulating catecholamines on beta-adrenoceptors. Beta blockage reduces
myocardial oxygen requirements, primarily by slowing the HR; the slower heart rate
increases the time of the cardiac cycle occupied by diastole, with acorresponding
increase in the time available for coronary perfusion.
Most subjects were taking metoprolol, alipid-soluble f3-blocker, preoperatively.
Metoprolol is readily absorbed from the gastrointestinal tract, metabolized predominantly
by the liver, has arelatively short half-life, and usually requires administration twice

daily to achieve continuing pharmacological effects (Opie, 1987). In most cases,
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subjects were dangled 12-20 hours since their last dose of metoprolol. It is possible that
the observed increase in HR during this dangling activity occurred because the
pharmacological effects of the f3-blocker had diminished as the drug was metabolized.
Metoprolol, however, since it is alipid-soluble f3-blocker, is noted for its
variability of pharmacokinetics, drug metabolism, and pharmacodynamics. It is also
possible that the HR response was attenuated, even after an extended length of time since
the last dose of metoprolol, due to aphenomenon called genetic polymorphism, where
poor metabolizers (up to 10% of whites) have significant prolongation of the elimination
half-life of the drug in comparison to extensive metabolizers because of slow oxidative
metabolism (Rutherford & ]3raunwald, 1992).
Effects ofDangling on SBP
We hypothesized that SBP would initially decrease on dangling. There was an
initial small decrease of SBP of about 3%; however, that was neither astatistically nor
clinically significant change. These findings are in contrast to previous studies with
cardiac patients (Dossa & Owen, 1993; Kennedy & Crawford, 1993). This difference
may be because of the timing of the measurement or the clinical status of the subjects. A
statistically significant increase of 9% occurred between the initial dangling position and
five minutes later. This response likely reflects the compensatory response of veno- and
vasoconstriction that occurs during orthostasis in response to adecrease in SV (Berne &
Levy, 1993). During this time the SBP increased to above the baseline level. Once the
subject was returned to the supine position, the SBP again decreased significantly by
about 4%, but still remained above baseline level. After 10 minutes of the return to

supine position the SBP continued to fall toward baseline; however, the SBP did not
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return exactly to baseline and the decrease was not statistically significant. It is possible
that SBP would have returned to baseline if continued monitoring of SBP had occurred.
When outliers were removed, there was still asignificant time effect on SBP.
When analyzed further, only those subjects in the upper quartile for SBP experienced a
significant time effect with the dangling activity meaning only those subjects with a
baseline SBP of 140 mm Hg or greater experienced asignificant change with dangling.
This finding would imply that those patients with systolic hypertension experienced the
most change in SBP and should be closely monitored when dangled for the first-time.
Whether this same response occurs at other times of mobilization and ambulation remains
unknown.
Systolic blood pressure is generated by ventricular contraction. The peak systolic
pressure is mainly determined by the LV stroke volume, rate of LV ejection, and
distensibility of the aortic walls (Heusner & Tracy, 1980; Rushmer, 1976). Arterial
resistance, blood viscosity, and end-diastolic volume also affect the systolic pressure
(O'Rourke, 1986). It is important that systolic pressure remain within a"normal" range
after CABG surgery. A systolic pressure that is too low (e.g., less than 80 mm Hg) could
indicate impaired tissue perfusion and oxygenation. A systolic pressure that is too high
(e.g., greater than 150 mm Hg) causes stress on the new grafts and possible vascular
damage. Again, since most subjects were taking af3-blocking agent preoperatively, their
BP response to dangling may have been modulated by any continuing effects of the f3blocker.
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fl-blockers and their effects on BP. Not only are 13-blockers used in CHD to
reduce myocardial oxygen consumption by modulating MR, they are also used in patients
with hypertension, as many subjects in this study experienced. There are several
proposed mechanisms by which 13-blockers reduce blood pressure in hypertension; such
as reducing HR, cardiac workload, cardiac output, and subsequently BP. Changes in
blockade of prejunctional 13-receptors reduce norepinephrine release and hence adrenergic
drive. Also renin release is decreased, and this results in adecrease in angiotensin II (a
potent vasoconstrictor) and aldosterone (Moser, 2001). 13-blockers reduce exerciseinduced increases in BP and limit exercise-induced increases in contractility. Thus,

13-

blockers reduce myocardial oxygen demand primarily during activity of excitement,
when surges of increased sympathetic activity occur (Rutherford & Braunwald, 1992).
While three-quarters of the subjects were documented to have hypertension and
most (87%) were taking a13-blocker, we presumed that the blood pressure response to
dangling may have been attenuated by the effects of the 13-blockade.
Effects ofDangling on DBP
There was an initial increase in DBP of about 3% when the subjects first dangled;
however, that was neither astatistically nor clinically significant change. This response
was likely due to the decrease in SV. A statistically significant increase of 6% occurred
between the initial dangling position and five minutes later. During this time the DBP
increased to above the baseline level. These findings reflect those of Kennedy &
Crawford (1984) and are contrary to other findings (Dossa & Owen, 1993; McDaniel,
1989). Once the subjects were returned to the supine position, the DBP again decreased
significantly by about 10% and fell below the baseline level. After 10 minutes of return to
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supine position the DBP continued to fall below baseline; however, the drop was not
statistically significant. It is possible that DBP would have returned to baseline if
continued monitoring of DBP had occurred.
The most important determinants of diastolic blood pressure are the arterial
resistance, the peak systolic pressure, aortic distensibility, and the heart rate contingent
length of diastole (Heusner & Tracy, 1980; Little, 1985). Other factors that affect
diastolic pressure include the SV, arterial elastic recoil, and blood viscosity (O'Rourke,
1986). Thus, the initial fall in DBP was likely areflection of the decrease in SV initially
with the dangling. The subsequent rise in DBP was likely due to several factors including
the increase in HR, the increase in SBP, and the arterial elastic recoil. In all quartiles for
DBP there was asignificant time effect for dangling and when outliers were removed,
there was again asignificant time effect for dangling.
Effects ofDangling on MAP
We hypothesized that there would be an initial decrease in MAP and then an
increase in MAP as the subjects compensated for adrop in SV and BP. There was asmall
increase in MAP on achieving the sitting position of about 1%; however, that was not a
statistically or clinically significant change. A statistically significant increase of about
8% occurred between the initial dangling position and five minutes later. This finding
reflects asimilar finding among postoperative cardiac surgery patients (Waite & Parsons,
1991). Once the subjects were returned to the supine position, the MAP again decreased
significantly by about 9%, to about baseline level. After 10 minutes of the return to
supine position the MAP continued to fall below baseline; however, the fall was not
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statistically significant. It is possible that MAP would have returned to baseline if
continued monitoring of MAP had occurred.
For MAP the second, third, and upper quartiles of subjects experienced a
significant time effect for dangling, meaning that those subjects with aMAP of 70 mm
Hg or greater experienced the greatest change with dangling. When all outliers were
removed, there was still asignificant change in MAP with dangling.
MAP, the average pressure during acardiac cycle, is determined by the cardiac
output and the vascular resistance (Berne & Levy, 1003). The increase in MAP with
'dangling was likely due to the increased vascular resistance that occurs as a
compensatory mechanism with adrop in SV and the systemic vessels constrict to
increase venous return and support Co.
Effects ofDangling on SaO2
We hypothesized that there would be an increase in SaO2 while dangling;
however, there was no significant change in SaO2 at any time during the activity. All
patients were receiving supplemental oxygen at 4-6 L/min and the baseline
measurements were already quite high/normal (mean 95.8, SD 2.3), thus there was a
ceiling effect where there was little room to move while dangling.
While dangling may improve lung expansion because it is easier for patients to
take deep breaths while sitting, it did not appear to have an effect on arterial oxygen
saturation. In this study, subjects were already well saturated and thus, had little room to
improve. If anything, there appeared to be avery slight downward trend with SaO2,
however, not clinically or statistically significant. A possible explanation could be that
subjects tended to hold their breath when moving, so that after achange in position there

would be aslight time delay for the pulse oximeter to equilibrate and obtain an accurate
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SaO2 reading. The only time when SaC)2 did show astatistically significant difference
was when the outliers were removed. This observation is somewhat surprising. One
would have anticipated that including the outliers would have caused asignificant
change. The reason for this remains unknown.
Effects ofDangling on SvO2
We hypothesized that there would be adecrease in SvO2 on dangling. There was a
statistically and clinically significant 20% decrease in SvO2 on dangling, followed by
statistically significant increases over the next three observation times. After 10 minutes
of the return to supine position the SvO2 had returned to baseline. When analyzed by
quartiles there was asignificant time effect for SvO2 and dangling. Even when outliers
were removed, there was astatistically significant change in SvO2. One subject had a
particularly dramatic response and was described.
SvO2 provides valuable information about cardiovascular function in the clinical
setting. It is aparameter that reflects the body's overall use of oxygen and is affected by
changes in CO. hemoglobin, SaO2, and tissue metabolism (Guyton, 1986). Any trend in
the change of SvO2 is important to monitor carefully. As long as oxygen delivery is
adequate in meeting tissue oxygen demands, the SvO2 will remain within the normal
range of 60% to 80%. An SvO2 less than 60% is seen when oxygen demand exceeds
oxygen supply or when oxygen consumption of the tissues increases (Jaquith, 1985).
Common causes of increased oxygen demand include shivering, hyperthemiia, seizures,
and pain. Decreases in oxygen delivery can be caused by clinical conditions such as
hemorrhage, hypovolemia, anemia, cardiogenic shock, dysrrhythmias, and hypotension.
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When SvO2 drops, tissues might still have adequate oxygen but they are
extracting more oxygen from hemoglobin to meet the cellular needs for oxygen to
maintain metabolic processes. Recall that adrop in SvO2 is awarning sign of apotential
threat to tissue oxygenation (Ahrens, 1998). Permanent cellular damage occurs when the
saturation falls below 20% (Guyton, 1986).
The drop in SvO2 was an expected finding in this study. Subjects increased their
tissue oxygen demands and oxygen consumption when they were assisted into the
dangling position. The recovery of SvO 2 back to baseline was also expected as tissue
oxygen demand diminished. It is interesting to note that SvO2 dropped by approximately
20% when subjects were dangled, but did not drop when subjects were assisted back to
the supine position. This can be interpreted that sitting up requires more oxygen use than
returning to the supine position.
It is also interesting to note that almost half of the subjects' baseline SvO2 were
less than 60%. A drop of 20% brought most of the subjects down into the 30% to 40%
range. During this time when the SvO2 was low, tissues could have been experiencing
injury. While subjects recovered very quickly and the SvO2 measurements were back to
baseline by 10 minutes after returning to the supine position, it is unknown what the
cellular consequences were of the low SvO2.
Effects ofDangling on SV
We hypothesized that there would be an initial decrease in SV on dangling. A
significant decrease of about 20% occurred between the initial baseline and the dangling
position. This magnitude of change in SV hR.s been seen among healthy individuals
(Smith & Kampine, 1990). During the five minutes the subjects dangled, SV increased
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almost to baseline. Once the subjects were returned to the supine position, SV
continued to increase to above baseline and after 10 minutes was about 5% above the
baseline level; however, these increases were not statistically significant. The increase in
SV when returned to the supine position is secondary to the increase in venous return to
the right heart and subsequently ejected from the left. It is possible that SV would have
returned to baseline if continued monitoring of SV had occurred.
When SV data was analyzed by quartiles, the second, third, and upper quartiles of
subjects experienced asignificant time effect of dangling. This implies that those subjects
with the smallest SV at baseline, did not change as much as those with the greater
baseline SV. Also, when outliers were removed and the data reanalyzed, there was still a
significant effect on dangling on SV.
Explanation for the change in SV was explored. Hypovolemia is acondition in
which there is afluid volume deficit. Causes of hypovolemia after cardiac surgery
include: (1) bleeding, (2) inadequate volume replacement following diuretic therapy, or
(3) arelative hypovolemia associated with rewarming, vasodilation therapy, or fluid
shifts (Finkelmeier, 2000). Individuals experiencing hypovolemia will demonstrate
postural hypotension and decreased CO and SV on sitting or standing (Underhill, 1994).
The researcher evaluated the hypothesis that the degree of the immediate decrease in SV
was due to apre-existing hypovolemia, as measured by CVP, but this seemed unlikely as
the correlation coefficient was low at 0.15. Therefore, it does not appear that the subjects
were hypovolemic at the time of dangling (mean CVP

=

13 mm Hg). However, since

these subjects all had ischemic heart disease, perhaps they require higher filling pressures
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to maintain an adequate CO. Further exploration of "optimum" filling pressures for
postoperative CABG patients is necessary.
Relationships Among the Outcome Variables
Many of the dependent variables correlated to various degrees with each other. It
was not surprising to see strong positive correlations among all of the HR observations
(Refer to Appendix K). It also made sense to see the moderate and strong correlations
among the BP measurements (i.e., Ti MAP correlated positively with T2 MAP, T2 MAP
correlated with T3 MAP), SpO2, SvO2,and SV measurements. This observation confirms
the consistency of measurement and theoretical stability.

Additional Findings
Several predetermined possible demographic and clinical data were designated
for analysis because of their possible influences on the dependent variables: (1) comorbidi
ties and n-blocker use, (2) age, BMI, hemoglobin, length of bedrest, EF, number
of bypasses, pump time, cross-clamp time, time since analgesia, fluid balance, and (3)
smoking history and type of analgesia received by subjects.
Co-morbidities and/i-blocker Use
Subjects who had apreviously documented MI had higher HRs while dangling
and then returning to the supine position, and alower SvO2 while dangling than those
who did not have an MI. Tachycardia is one of the most significant determinants of
myocardial oxygen consumption (Berne & Levy, 1993). The lower SvO2 could be
reflecting the increased myocardial oxygen use because of the tachycardia. Subjects with

an MI could have been more tachycardic than those without an MI if the damaged heart
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was attempting to compensate for adecrease in SV and B?.
It was not surprising to see that those subjects diagnosed with hypertension had
higher MAP values and BMI. Increased weight is known to be associated with
hypertension (Bevoni, 2003). Those subjects with hypertension also had alower SvO2
after dangling for 5minutes. This implies that patients with hypertension either consume
more oxygen when dangling and/or experience adecrease in oxygen delivery.
Subjects who had diabetes had ahigher MAP after being supine for 10 minutes
implying that perhaps this group of patients are slower to recover than other patient
groups. Those subjects who had pre-existing pulmonary disease had alower SvO2
immediately on dangling. This may mean that patients with pulmonary disease have
either areduced capacity to deliver oxygen to the tissues when mobilizing than other
patients or agreater consumption of oxygen, perhaps from increased work of breathing.
There was also asignificant time-by-pulmonary disease interaction effect for SB?. In this
study, while dangling, those subjects who had pulmonary disease had alower SB? than
subjects who did not have pulmonary disease. Since only 7subjects were diagnosed with
apulmonary disorder, caution must be exercised when interpreting this result.
Obese subjects appear to have areduced oxygen carrying capacity and reduced
oxygen delivery as evidenced by their lower SaO2 readings. Obesity has been previously
demonstrated to have anegative effect on lung function, more so among males than
females (Harik-Khan, Wise, & Fleg, 2001). Obese subjects also appear to have an
increase oxygen demand and consumption after mobilizing as seen in their reduced SvO2
readings both after dangling and returning to the supine position.

-

It was not surprising to observe subjects with LV dysfunction having lower EF
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because if the left ventricle is failing, it is unable to eject a"normal" amount of SV with
each beat and, therefore, EF is reduced. It was also not surprising to observe subjects with
LV dysfunction having lower SvO2 measurements immediately on dangling since there is
apro-existing problem with oxygen delivery.
For those subjects taking an-blocker preoperatively, there was asignificant timeby-n-blocker use interaction effect for SBP and SaO2.During dangling there was a
difference in SBP between those subjects using a 3-blocker preoperatively and those who
were not, with those subjects on a13-blocker having ahigher SBP during 4of the 5
observation times with SBP significantly higher immediately during dangling. This
finding appears suspect since 13-blockers are used to reduce BP. A possible explanation
for this observation could be that the 13-blocker's therapeutic effect had expired and the
normal compensatory response to ambulating (i.e., catecholamine release) superceded the
13-blocker effects.
A further observation is the interaction effect seen with 13-blocker use and SaO2.
SaO2 is higher in those subjects who take a13-blocker only during dangling 5minutes and
supine 10 minutes. Since the differences are not clinically significant, it is unclear what
practice implications this finding would have.
Relationships Between Outcome Variables and Physiologic Data
There were negative correlations between ejection fraction and SBP, DBP, and
MAP on initial dangling. This implies that those subjects with the most LV dysfunction
experienced agreater rise in blood pressure. This observation has clinical implications.
Those patients who have low ejection fractions should be monitored closely when

dangled and perhaps experience agraduated dangle (e.g., first sit in ahigh fowler's
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position) to avoid any detrimental rise in BP that could stress the heart. A possible
explanation for this observation could be that patients with LV dysfunction experience a
greater SVR than those without LV dysfunction (Braunwald, 1992). Again, these results
must be interpreted with caution since only 14 subjects had an EF documented.
There was also afair, positive correlation between the number of hours
postoperative to dangling and SBP, DBP, and MAP. This observation makes sense
clinically. The longer the time since surgery that apatient is dangled, usually means the
more recovery and stability the patient has achieved. For example, any fluid deficit is
usually corrected and intravenous vasoactive agents are titrated off. Patients assume more
hemodynamic stability as they recover.
Smoking History and Type ofAnalgesia
Those subjects who never smoked, experienced asignificantly higher SvO2 level
at baseline than those who quit smoking more than 3months ago. This finding is
somewhat surprising since it is often assumed that after 3months lung function returns to
a"normal" state.
Subjects who received morphine intravenously as an analgesic in the CVICU did
not drop their 8V02 after dangling for 5minutes as much as those who received
hydromorphine orally. This observation could mean that patients who receive morphine
have better pain control and consume less oxygen when dangling. We also found that
subjects who received no analgesia also did not drop their SvO2 after dangling for 5
minutes as much as those who received hydromorphine. At this time it would be
presumptuous to state that hydromorphine is deleterious to patients' SvO2 measurements
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when mobilizing. Further study regarding type of analgesia used and the effects on
hemodynamic and oxygenation parameters after cardiac surgery is warranted.
Subjects who received hydromorphine or tylenol #3 experienced ahigher MAP
after being supine for 10 minutes as compared to those subjects who received morphine.
Again this could imply that those patients who receive morphine experience better pain
control as evidenced by alower MAP after returning to the supine position.
With respect to pain management, it should be noted that while this dangling
intervention was being performed, all subjects were asked how they were feeling while
they were dangling. Many stated they felt slightly dizzy on first dangling, however, that
feeling quickly passed and when asked within 2-3 minutes how they were feeling the
typical response was "I feel good". Many subjects expressed the desire to sit up longer
than 5minutes, because they felt so well.

Significance ofFindings
What was Already Known in This Topic
While patients are routinely dangled after cardiac surgery once they are
determined to be hemodynamically stable and extubated, asystematic study of the
physiological responses to this nursing intervention had not been conducted. What had
been studied quite extensively are the SvO2responses to various nursing interventions
such as body repositioning, suctioning, and other nursing interventions on critically ill
and cardiac patients. SvO2has been shown to decrease by 10% to 15% with these
interventions (Carroll, 1992; Clark, Winslow, Tyler, & White, 1990; Gawlinski &
Dracup, 1998; Jamieson et al., 1982; Noll & Fountain, 1990; Pena, 1989; Shively, 1988;
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Sottile, Durbin, Hoyt, Swain, & McLachlan, 1982; Tidwell, Ryan, Osguthorpe, Paull,
& Smith, 1990; Turnbull et al., 1981; Winslow, Clark, White, & Tyler, 1990).
There are few studies published that examine the physiologic effects of dangling.
Of the 4that were located, one included healthy males and females and 10 males with
angina (Kennedy & Crawford, 1984), one included patients in cardiac rehabilitation
(Dossa & Owen, 1993), one included females after ahysterectomy (McDaniel, 1989),
and one included postoperative cardiac surgery patients (Waite & Parsons, 1991). The
only outcome variables studied were BP and HR and the results were quite diverse. The
sample sizes were small and the sample characteristics were varied. The protocols were
all different. Thus, few conclusions, if any, can be made about this nursing intervention.
What this Study Adds
The findings of this study add to the existing knowledge of the physiologic effects
of acommon nursing intervention performed everyday in units around the world:
dangling patients after CABG surgery. Findings from this study suggest that indeed
dangling significantly affects male CABG patients' hemodynamic and oxygenation
parameters.
The findings of this study adds further information regarding the physiologic
effects of dangling. Not only were HR and BP included as outcome variables, but also
included were 5a02, 5V02, and SY. The sample size was determined statistically with
power analysis and the protocol clearly defined and described. The sample was
homogeneous in terms of gender and type of surgery. The findings of this study are
probably generalizable to male patients experiencing first-time CABG surgery.

Strengths and Weaknesses of the Study
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The strengths of this study are many. First, the sample size was calculated from
pilot data to provide astrong power of 0.90, alpha predetermined at 0.05, and designed to
detect atrue difference of only 5. In similar studies examining the effects of various
nursing interventions on SvO2,it is unclear how the final sample size was determined.
Further, while the sample was aconvenience sample, the characteristics were compared
with the characteristics of coronary artery bypass surgery patients from the last year and
determined to reflect the typical profile of male patients having CABG surgery.
Second, this study included an element of investigation never conducted before in
the clinical area after cardiac surgery: the determination of changes in SV using thoracic
impedance cardiography. This information greatly extends how we understand the
hemodynamics of dangling.
Further strengths include: (1) steps were taken to ensure accuracy and consistency
of measurement, (2) adetailed description of the protocol for data collection has been
provided to allow for replication, (3) there was ahomogeneous sample as opposed to
Waite and Parson's (199 1) study, (4) aprospective design was used, (5) sample
characteristics are clearly described, (6) the study was power at 0.90 with astringent J3.
A limitation of this study is the possibility that measurement errors occurred. It
was discovered part way through data collection that there are two blood gas analyzers
beside the unit. It is unknown how often the blood gases for each subject were analyzed
on both analyzers rather than just one. This could introduce measurement bias. Once the
two analyzers were discovered, the researcher asked the respiratory therapist to ensure all
samples for each patient were analyzed on the same analyzer.

It was often acomplicated procedure to get the subjects in the dangling
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position. The subjects all had (1) several intravenous lines infusing fluids, (2) a
pulmonary artery catheter that was inserted in the right jugular vein with its own
associated pressure and fluid lines and requiring careful attention to prevent accidental
dislodgement, (3) an intra-arterial line in the right radial artery with its associated
pressure line, (4) oxygen tubing and nasal prongs, (5) two to three mediastinal chest tubes
attached to acollection device on the floor, (6) aFoley catheter, (7) attachments to the
impedance cardiograph, (8) apulse oximeter, (9) all of the cables to the cardiac monitor,
and sometimes (10) atemporary pacemaker attached to the epicardial pacing wires. In
addition, the environment was often crowded with limited space, and that space occupied
by the bedside computer and stand, three health care professionals (either two nurses and
aphysiotherapist, or three nurses

-

researcher included), the impedance cardiography

device and monitor, and bedside curtains and blankets to ensure patient privacy. To
ensure patient safety and to maneuver among all bedside equipment getting to the patient
to draw the mixed venous gases may have been delayed by 15 to 30 seconds on some
occasions and if the pulse oximeter had fallen off during movement, again there was a
slight delay until someone could locate the probe and place it back on the subject's finger
and let the reading equilibrate. It was less of aproblem with the other variables because
they were displayed on the monitor at all times, and with the SV it was just amatter of
pressing the graph button at the appropriate time.
The study findings could have been strengthened if there had been acomparison
group, such as healthy males not having CABG surgery. This design element, however,
was impossible because of the invasive nature of the protocol and the ethical concerns
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this would pose. Another limitation is the descriptive design versus an interventional
controlled trial with randomization. The design could have been strengthened by
comparing 2interventions and using random assignment, however, now that preliminary
data have been obtained on dangling in this patient population, perhaps future studies
could compare traditional dangling with amodified version such as sitting in ahigh
fowler position.
There is arisk of aType 1error occurring because of the large number oft-tests
performed and the assumptions for the use of analysis of variance may have been violated
because different sample sizes were used in the comparisons.
Finally, some subjects were receiving intravenous vasoactive agents during data
collection. This information was not collected and analyzed because the sample size of 55
would probably not be sufficient for including further covariates. Additional outcome
variables could have been included that would have given abetter picture of cardiac
function and fluid status (e.g. CVP, PAP, PAWP).
Strengths and Weaknesses Compared with Other Studies
In comparison with other studies of similar design and purpose this study has
many strengths. A larger sample size was used in this study (n = 55) while the study with
the most comparable design (Waite & Parsons, 1991) only had 28 subjects with only 25
male subjects. The sample is homogeneous in terms of sex and type of cardiac surgery.
This is astrength and also alimitation. It is clearly necessary to study physiologic effects
of nursing interventions among women and among those patients having different cardiac
surgery, such as valvular repair and replacement.
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Another strength of this study is the quality of measurement. Further, the
protocol is stated explicitly enabling reproducibility. The findings are probably
generalizable to male patients having first-time CABG surgery.
Compared with other studies, weaknesses include: (1) absence of acomparison
group, (2) descriptive non-experimental design compared to arandomized controlled
interventional trial, and (3) not generalizable to other patient populations.
Implications for Clinical Practice
The findings of this study suggest that nurses should carefully obtain historical
data to identify factors at the time of patient admission and to postoperatively identify
subsequent responses as early as possible. Based on these findings, such factors may
affect patient readiness for the initial postoperative activity of dangling and require a
modification in the usual nursing interventions.
Several recommendations are proposed for clinical practice. When caring for
postoperative male patients after CABG surgery, it is proposed that before dangling the
patient the nurse should:
(1) carefully assess fluid status to ensure the patient is not hypovolemic. Consider that a
"textbook normal" CVP may reflect arelative hypovolemia for the cardiac patient. It
is also necessary to assess fluid status by assessing urine output and colour, skin
turgour, moistness of mucous membranes, presence of diaphoresis, or
nausea/vomiting and chest tube loss, and cumulative fluid balance;
(2) obtain information regarding whether the patient was receiving a13-blocker
preoperatively and when the last dose was taken;

(3) consider delaying dangling for several hours after extubation to allow for recovery
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time; and
(4) continue with morphine as the analgesic of choice while in the CVICU if the patient's
pain is controlled.
While dangling the patient, the nurse should:
(1) closely monitor HR, BP, and SaO2.It is typical to see asmall transient fall in BP and
aslight rise in HR. If the BP falls precipitously and HR rises in an attempt to maintain
CO, the patient may be experiencing asevere drop in SV and should return to the
supine position.
(2) closely monitor those patients with aSBP? 140 mm Hg or aMAP? 70 mm Hg.
They may experience agreater change in pressure than others.
(3) obtain aSvO2 measurement if there are concerns about the patient's hemodynamic
status or if he displays signs or symptoms of an oxygen delivery/consumption
mismatch (e.g., cyanosis, diaphoresis, pallor, tachycardia, hypotension, mottling of
the extremities).
(4) closely monitor patients with hypertension, obesity, diabetes, LV dysfunction, and
pulmonary disease for their oxygen delivery/oxygen consumption response to
dangling and the time until their hemodynamics return to baseline.
(5) closely monitor SaO2 levels among obese patients.
(6) closely monitor those patients who are in apaced rhythm since they will be unable to
increase their HR as acompensatory mechanism for adrop in SV or CO.
After the patient is returned to bed, the nurse should:
(1) monitor HR and BP; they should return to near baseline within about 10 minutes.
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Meaning of the Study
This study holds implications for healthcare providers caring for postoperative
male patients after CABG surgery. Dangling patients after cardiac surgery is not such a
benign intervention. Changes in HR, SBP, DBP, MAP, SvO2and SV can be expected
during the dangling activity. The observed changes were expected and normally occur
with orthostasis. The most profound changes were seen in SV andSvO2;however, they
did recover to baseline, or near baseline, relatively quickly. Therefore, patients seem to
be able to tolerate brief reductions in SvO2and SV.
Yet the question remains, "Is there harm being done at the cellular level with
these reductions?" The short and long term effects of these changes are not known.
Perhaps this is an opportunity to take this clinical question to the cardiovascular bench
researcher and study this phenomenon in the animal model to better obtain evidence of
cellular consequences of adrop in SV and SvO2. For example, apossible research
question could be "What are the cellular effects of aSvO2 of 40% over aperiod of 10
minutes?" Here is agreat opportunity for clinical researchers and bench researchers to
collaborate to advance the evidential basis for clinical practice.
The findings of this study add to the evidential basis for nursing practice. In the
current health care environment, nurses are challenged to implement optimal care while
minimizing costs and length of hospital stay. The current social climate for health care
also demands measurable patient outcomes. This situation offers both achallenge and an
opportunity for nursing. The long-standing dilemma of early mobilization and discharge
from the intensive care unit, and increasing myocardial work demands during atime of
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healing and impaired cardiac output is still amajor concern for this population. With
the current focus on efficiency and productivity, inpatient care is critically abbreviated.
Thus, research in this area is warranted to ensure practice is based on science rather than
economics. Furthermore, the increase in performing cardiac surgery in high risk patients
demands that nurse scientists continue to conduct relevant clinical studies that will guide
nursing practice.
Gortner (1975) defines nursing research as asystematic inquiry into the problems
encountered in nursing practice and into the modalities of patient care. Conducting high
quality research is important to nursing because it is one of the primary means of
documenting the effectiveness of nursing practice. Research provides the necessary
evidence that an intervention is efficacious; that is, it produces better outcomes under the
circumstances of the clinical study. Incorporating the intervention into everyday clinical
practice and evaluating its effect on outcomes produce information on the intervention's
effectiveness (Muir Gray, 1997). Evaluation of efficacy and effectiveness determines not
only if an intervention works, but also whether it works consistently when applied to
practice (Deaton, 2001).
We need to measure human responses to nursing interventions. It is no longer
acceptable to base care on tradition or experience (Lindsey, 1984). Practice needs to be
evidence-based (Davis & King, 1998; King & Teo, 2000). Evidence-based nursing is the
process of systematically finding, appraising, and using research findings as the basis for
clinical decisions (Deaton, 2001; Long & Harrison, 1996). Nursing research also plays an
essential role in defending nursing's professional aspirations (VanCott, Tittle, Moody, &
Wilson, 1991). To achieve autonomous nursing practice, atrait of professionalism, a

sound, scientific, unique nursing knowledge foundation is necessary and important
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because this is the basis on which nurses are able to make informed observations and
decisions (Rutty, 1998).
Explanation is crucial in Gortner's (1984) view. Gortner says that simply
describing human responses is not sufficient in aclinical science such as nursing. Science
needs also to explain and predict events. She contends that to achieve our social purpose,
nurse scientists need to assume the responsibility for developing an explanatory
knowledge base, that will not only aid understanding of the person whom we nurse as a
human with unique biopsychosocial and spiritual needs, but ultimately will guide clinical
intervention (Gortner, 1984). The development of an empirical base has the potential to
enhance the practice of critical care nursing through the understanding and explanation of
the mechanisms underlying interventions used on adaily basis and the assessment of
known risk factors prior to the implementation of aplan of care.
Critical care nurses are responsible for acutely ill and injured patients who require
extensive and complex nursing monitoring and interventions. Clinical decisions are made
constantly. Making choices about patient care interventions pervades the practice of
critical care nursing (Leske, Whiteman, Freichels, & Pearcy, 1994). Research findings
provide the reasoning and evidence that needs to guide decisions made in nursing
practice. What is needed by nurses are well-tested theories and knowledge that allow
conceptualization of the clinical problem and desired client outcomes, delineation of
effective interventions, and measurement of patient outcomes (Donaldson, 1995).
The results of this study contribute to explaining physiological responses related
to anursing intervention after cardiac surgery: dangling. This study contributes to
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identifying more clearly patients at risk for deleterious effects from dangling. This
information can be used to adjust nursing care, maximize oxygenation, and prevent
adverse effects since inadequate postoperative care may nullify the excellence in surgical
technique and serve to increase morbidity and mortality. The results of this study
contribute to evidence-based nursing practice.
The results also help build the foundation of aprogram of research that will focus
on physiological responses and recovery after cardiac surgery. As such, the knowledge
generated from this program of research will allow for prescriptions that will ultimately
guide nursing practice: the fundamental goal of nursing science (Gortner, 1990). If the
findings generated from nursing research are to have meaning for the nurses who daily
deliver patient care, researchers must begin where nursing is practiced. Clinical questions
arising from daily practice drive and focus research activities. The ultimate goal of
research is the generation of new knowledge. As Boehm (1985) so eloquently stated:
What needs to be stated clearly, taken seriously and believed fervently is that only
through research and the accumulation of scientific data will there be abasis for
nursing practice. The scientific base emerging from research will develop nursing
practice and lead to changes. It will also document nursing's contribution to
patient care and patient outcomes (p. 41).

Unanswered Questions and Future Research
While the findings from this study provide more information in this area, they
also raise many more questions and provide direction for further research. Future
research should involve:

(1) The physiological effects of dangling among female patients after cardiac surgery.
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(2) The physiological effects of dangling among male and female patients after other
types of cardiac surgery.
(3) The physiological effects of postoperative vasoactive and inotropic agents along with
nursing interventions.
(4) The physiologic effects of nursing interventions on additional hemodynamic
parameters such as cardiac index, pulmonary artery pressures, and calculated
parameters.
(5) The hemodynamic effects and pain control of various analgesics among cardiac
surgical patients.
(6) The cellular changes of increased oxygen consumption or reduced oxygen delivery.

Conclusion
The purpose of this study was to examine the effects of first-time dangling on
select hemodynamic and oxygenation parameters in male patients after CABG surgery.
55 subjects were included in the study and the primary outcome variables were FIR, SEP,
DBP, MAP, SaO2,SvO2 and SV. A series of 5measurements were taken: (1) baseline
while supine in bed, (2) immediately on dangling, (3) after 5minutes of dangling, (4) on
return to the supine position in bed, and (5) after 10 minutes in bed.
When postoperative CABG male subjects were dangled for the first time, they
experienced orthostatic intolerance as evidenced by adrop in SV of about 20% and a
transient decrease in BP. Compensatory mechanisms quickly responded to the drop in SV
and attempted to maintain CO through an increase in KR and increase in systemic
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vascular resistance (BP). The process of dangling involves muscle effort and increased
oxygen consumption as evidenced by the drop in SvO2.Most subjects recovered to their
baseline levels within 10 minutes of returning to the supine position.
Nurses must be cognizant that this routine intervention may not be innocuous.
Close monitoring of patients is essential and with some (e.g., those with low baseline
SvO2 levels) agraduated approach to dangling should be considered.
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Appendix A
Summary of Abbreviations
AAA

Abdominal aortic aneurysm

-

ANOVA
ASA

Analysis of variance

-

Aspirin

-

blocker

-

Bid

BP

Beta-blocking agent

twice aday

-

BMI

-

Body mass index

-

Blood pressure

-

CABO
CHD

Coronary artery bypass graft

-

Coronary heart disease

-

CI— Cardiac index
CO

Cardiac output

-

COPD
CPB

Cardiopulmonary bypass

-

CVA

Cerebrovascular accident

-

CVICU
CVP

-

DBP

Chronic obstructive pulmonary disease

-

-

-

Cardiovascular intensive care unit

Central venous pressure
Diastolic blood pressure

DO2 Oxygen delivery
-

ECG Electrocardiogram
-

EF

-

Hgb

Ejection fraction
-

Hemoglobin

HR

Heart rate

-

HTN
IC

Impedance cardiography

-

LV

Hypertension

-

Left ventricle

-

LVSWI
MA

Left ventricular stroke work index

-

Milliamperes

-

MAP

Mean arterial pressure

-

MI— Myocardial infarction
MPAP

Mean pulmonary artery pressure

-

NSTEMI
OD
PA

Pulmonary artery

-

PAP

Pulmonary artery pressure

-

PAWP

Pulmonary artery wedge pressure

Pulmonary vascular resistance

-

PVRI
-

-

Pulmonary function tests

-

PVR

RF

Non-ST elevation myocardial infarction

Once aday

-

PFT

-

-

Pulmonary vascular resistance indexed to body size

Renal failure
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RR

Respiratory rate

-

RVSW[

-

Right ventricular stroke work index

SaO2 Arterial oxygen saturation
-

SBP

Systolic blood pressure

-

SpO2 Arterial oxygen saturation by pulse oximetry
-

SPSS
SV
SV

-

Statistical package for the social sciences

Stroke volume

-

Stroke volume

-

SvO 2 Mixed venous oxygen saturation
-

SVR

SVRI
Ti
T2
T3
T4
T5

-

Systemic vascular resistance indexed to body size

Baseline measurement prior to dangling

-

Measurement immediately on dangling

-

Measurement while dangling 5minutes

-

Measurement immediately on return to supine position in bed

-

Measurement supine in bed after 10 minutes

-

U/S

Systemic vascular resistance

-

Ultrasound

-

V02 Oxygen consumption
-
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Appendix B
Effect of Position Changes on Oxygen Consumption

Authors/year

Subjects

Independent

Dependent

Summary of

(diagnosis, N)

variables

variables

findings

Shively, 1988

Postop CABG,
N30

R—lateral,
supine, Llateral, supine

SvO2

Pena, 1989

Postop
ventilated
cardiac surgery
patients, N12,

R=lateral, Llateral

SvO2

Tidwell, Ryan,
Osuthorpe,
Paull, & Smith,
1990

Post-op
ventilated
CABG patients,
N=34

HOB elevation,
L-lateral,
R=lateral, &
supine

SvO2,
SaO2, V02

Supine, HOB
elevated 20 &
40 degrees

SvO2

Significant decrease
in SvO2 (p=0.001)
for each position
change. Lowest
immediately after
turning and L-lateral
position.
Decreased SvO2 of
8.5% and 12.3%
after each turn.
Returned to baseline
in 3.7 minutes.
SvO2 changed
significantly in all
position changes
(p<0.01) and
returned to baseline
in 5minutes, no
significant changes
noted in V02,significant changes
in SaO2 (p<zO.Ol)
No significant
differences noted

R-lateral & Llateral

SVO2

Significant decrease
in SvO2 (p<O.000l)

Group 1— Rlateral and Llateral position
changes.
Group 2— DB

SvO2

Significant changes
in SvO2 with both
interventions

Noll &
Fountain, 1990

Post-op
ventilated
CABG patients,
N=30
Winslow,
Critically ill
Clark, White, & patients, N474
Tyler, 1990
Copel &
Post-op CABG
patients, N23
Stolarik, 1991

(p<0.
01 )

Waite &
Parsons, 1991

Post-op CABG
patients, N28

Carroll, 1992

Post-op CABG
patients, N=16

Gawlinski &
Dracup, 1998

Critically ill
patients with
EF <30%,
N=42

Supine, HOB
elevated 40
degrees, sitting,
standing,
supine
Supine, Llateral, & Rlateral

MAP, HR,
SvO2

SvO2 decreased
during sitting and
standing (p<.05)

CO, SvO2

Supine,
L=lateral, & Rlateral

SvO2

CO increased
significantly when
turned to L-lateral
(p<0.05). SvO2
decreased
significantly with all
turns (p<O.05) and
returned to baseline
at 15 minutes.
Significant decrease
in all position
changes (p<.0001) as
aresult of changes in
V02 rather than DO2

Key:
CABG = Coronary Artery Bypass Graft, CO = Cardiac Output, DB & C=Deep Breathing & Coughing,
DO2= Oxygen Delivery, EF = Ejection Fraction, HOB = Head of Bed, HR= Heart Rate, MAP =Mean
Arterial Pressure, SaO2= Arterial Saturation, SvO2= Mixed venous Oxygen Saturation, V02= Oxygen
Consumption

-

Appendix C

128

Research Study Information Sheet
If you are aman and having bypass surgery and would like to participate in a
study that Iam doing to measure the oxygen in your blood and how much is
being used when you first start to sit up after your surgery, please call Paula
Price. She will arrange to meet with you, explain the study, and discuss your
possible participation. The study is designed to help nurses understand the
effects of sitting up on the body. We will measure such things as the oxygen
in your blood and how much is being used when you first start to sit up after
your surgery. It involves no extra effort on your part, but allows
measurements to be taken while you are first sitting up.
Thank you,
Paula M. Price RN, MN
Doctoral Student
Faculty of Nursing
University of Calgary
547-2296
Lorraine Watson RN, PhD
Associate Professor
Faculty of Nursing
University of Calgary
220-6618
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Appendix D
Physiologic Data
Subject ID #
Date and time

Baseline
HR

BPS

BPD

MAP

SpO2

SvO2

Sv

Dangle

5minutes

Supine

10 minutes
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Appendix E
Graphic Display of Subject 29's Baseline IC Waveform
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Appendix F
Health Record Data Collection Form

Study ID #

Health Record #

Date/Time of admission to CVICU

Date of Dangling

#hours Postoperative

Date of Birth

Ht.

Age

Wt.

Pump timelx-clamp time

BMI

Number of bypasses

Preoperative ejection fraction

Hgb

Fluid balance

Parsoimet score

Co-morbidities as documented in the health record preoperatively: diabetes o
hypertension ci pulmonary disease ci MI ci renal failure o LV dysfunction o
obesity ci
Smoking history: never smoked o, quit ≥3months o, quit <3 months o,
current smoker o
13-blockers preop: no oyes o Type and last dose
Analgesia: Type
Time of last dose:
within 3minutes o, 3-30 minutes o, 30-60
minutes o
1—2 hrs o,2-3 hrs o, 3-4 hrs o, over 4hrs o
Length of time since spinal analgesia
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APPENDIX G

CONSENT FORM

UNIVERSITY OF

CALGARY

FACULTY OF NURG
Dr. Lorraine Watson
Professional Faculties 1236
Telephone: (403) 220 6618
Fax: (403) 284 4803
Email: lwatson@ucalgary.ca

TITLE: What Are the Effects of First-Time Dangling on Hemodynamic and
Oxygenation Parameters Among Male Patients After Coronary Artery Bypass Graft
Surgery?
SPONSOR: The National Canadian Council of Cardiovascular Nurses (CCCN), The
Alberta Division of CCCN, the Canadian Association of Critical Care Nurses
(CACCN)
INVESTIGATORS: Lorraine Watson, RN, PhD; Paula Price, RN, MN
This consent form is only part of the process of informed consent. It should give you the
basic idea of what the research is about and what your participation will involve. If you
would like more detail about something mentioned here, or information not included
here, please ask. Take the time to read this carefully and to understand any accompanying
information. You will receive acopy of this form.
BACKGROUND
After heart surgery, when patients are awake and their vital signs, such as heart rate and
blood pressure, are stable, they will begin to start getting up from bed. The first part of
getting up from bed is to sit on the side of the bed with the help of the nurses. This is
called dangling. Dangling is thought to be important for recovery because it helps with
chest tube drainage and lung expansion. Nurses routinely dangle patients to assess and
promote their tolerance to activity; however, little research has been conducted to test the
effect of dangling in the postoperative cardiac surgery patients.
We want to study what happens to oxygen in the blood, heart rate, blood pressure, and
the amount of blood the heart pumps (called stroke volume) when patients first dangle
after coronary artery bypass surgery. We will be including 55 men having bypass
surgery at the Foothills Medical Centre in this study. We will be taking measurements
before, during, and after dangling. This study is afollow-up to asmaller study conducted
in January 2003. The results of this study will contribute to explaining responses to
dangling after coronary artery bypass surgery. This information can be used to adjust
nursing care and prevent adverse effects.

2500 University Drive N.W., Calgary, Alberta, Canada T2N 1N4

www.ucalgary.ca

WHAT IS THE PURPOSE OF THE STUDY?
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The purpose of this study is to measure the heart's response and the oxygen that goes to
tissues when patients first sit on the side of the bed after coronary artery bypass graft
surgery.
WHAT WOULD IHAVE TO DO?
Once you are awake and doing well after surgery and the breathing tube has been
removed, your nurse will want to sit you on the side of the bed. Before sitting up, oxygen
in your blood will be measured by taking asample of blood from the tube in your neck
and by reading the monitor from aprobe that is on your finger. Your heart rate and blood
pressure will also be read from the monitor. A sticky electrode patch will be placed on
your forehead, and 3strips of tape on you: one on your neck and 2on your abdomen.
This will measure how much blood your heart pumps every time your heart beats.
Then, with the help of your nurse, you will sit on the side of the bed. Once you are
comfortable another set of measurements will be taken. After 5minutes of sitting another
set of measurements will be taken and you will then lay back down on the bed and have
two more sets of measurements taken, one set every 10 minutes. You will not feel
anything while these measurements are being taken and they will only be taken the first
time you sit up. Sitting up on the side of the bed is part of your routine care, so nothing is
being changed.
WHAT ARE THE RISKS?
You may become dizzy while sitting on the side of the bed. If that happens and you want
to lie down before 5minutes have passed, we will lie you back down immediately. The
only inconvenience to participating in the study will be to have the 1extra electrode on
your forehead, the 3tapes on you, the taking of five extra blood samples (6 ml each
time), and recording the information. These are the only changes in the routine care after
heart surgery.
WILL IBENEFIT IF ITAKE PART?
There will be no direct benefits to you for participating in this study, however, through
your involvement we will be able to gain knowledge about what happens to oxygen in the
body when patients first sit on the side of the bed,
If you agree to participate in this study there may or may not be adirect medical benefit
to you. Your heart disease may be improved during the study but there is no guarantee
that this research will help you. The information we get from this study may help us to
provide better treatments in the future for patient with heart disease.
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DO IHAVE TO PARTICIPATE?
Your participation in this study is strictly voluntary. You may decide not to take part in
this study or withdraw at any time by telling either your nurse or the researcher without
jeopardizing your medical or nursing care. Your cardiologist or cardiac surgeon may
withdraw you from the study if there is any chance that your health or safety may be in
jeopardy. Also, the researcher can withdraw you from the study if you do not have a
pulmonary artery catheter inserted during your surgery.
If new information becomes available that might affect your willingness to participate,
we will inform you as soon as possible.
WHAT ELSE DOES MY PARTICIPATION INVOLVE?
We will also need to read your chart to obtain some background information.
WILL IBE PAID FOR PARTICIPATING, OR DO IHAVE TO PAY FOR
ANYTHING?
There will be no financial cost or benefits incurred if you participate in the study.
WILL MY RECORDS BE KEPT PRIVATE?
Confidentiality will be maintained at all times. Your name will not appear on any
research report or publication. Only the researcher will have access to names and all
names will be destroyed at the completion of the study. Until such time, the names will
be locked away separately from the data. To maintain anonymity acode number will be
used for each participant.
Only the researchers, the supervisory committee members, and the University of Calgary
Conjoint Health Research Ethics Board will have access to the records. All results will be
reported as aggregate data.
IF ISUFFER A RESEARCH-RELATED INJURY, WILL IBE COMPENSATED?
In the event that you suffer injury as aresult of participating in this research no
compensation will be provided to you by CCCN or CACCN, the University of Calgary,
the Calgary Health Region, or the Researchers. You still have all your legal rights.
Nothing said in this consent form alters your right to seek damages.
SIGNATURES
Your signature on this form indicates that you have understood to your satisfaction the
information regarding participation in the research project and agree to participate as a
subject. In no way does this waive your legal rights nor release the investigators, or
involved institutions from their legal and professional responsibilities. You are free to
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withdraw from the study at any time without jeopardizing your health care. If you
have further questions concerning matters related to this research, please contact:
Dr. Lorraine Watson at (403) 220-6618 or Paula Price at (403) 547-2296
If you have any questions concerning your rights as apossible participant in this research,
please contact Pat Evans, Associate Director, Internal Awards, Research Services,
University of Calgary, at 220-3782.

Participant's Name

Signature and Date

Investigator/Delegate's Name

Signature and Date

Witness' Name

Signature and Date

The University of Calgary Conjoint Health Research Ethics Board has approved this
research study.
A signed copy of this consent form has been given to you to keep for your records and
reference.
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Appendix H: Correlations of Subjects' Physiological Data

#of hours
post op

Age
Age

Pearson
Correlation
Sig. (2-tailed)
N
#of hours post op Pearson
Correlation
Sig. (2-tailed)
N
BMI
Pearson
Correlation
Sig. (2-tailed)
N
Hgb
Pearson
Correlation
Sig. (2-tailed)
N
Pumptime (min)
Pearson
Correlation
Sig. (2-tailed)
N
x-clamp time
Pearson
(mm)
Correlation
Sig. (2-tailed)
N
#of bypasses
Pearson
Correlation
Sig. (2-tailed)
N
fluid balance
Pearson
Correlation
Sig. (2-tailed)
N
EF
Pearson
Correlation
Sig. (2-tailed)
N
time since last
Pearson
analgesia (hrs)
Correlation
Sig. (2-tailed)
N
time since spinal
Pearson
(hrs)
Correlation
Sig. (2-tailed)
N

BMI

1
55
090

.

1

.512
55

55

.268(*)

-.034

.048
55

.808
55

55

-.128

.007

.188

.352
55

.962
55

.170
55

55

074

.151

.201

-.273

.607
51

.291
51

.156
51

.053
51

51

085

.108

.151

_.278(*)

.946(**)

.553
51

.451
51

.290
51

.048
51

.000
51

.096

.052

.147

-.111

.711(**)

.484
55

.707
55

.284
55

.420
55

.000
51

.331(*)

.616(**)

-.108

-.087

.214

.014
54

.000
54

.435
54

.531
54

.136
50

-.384

.181

.098

.283

.062

.176
14

.537
14

.738
14

.328
14

.847
12

.237

-.071

.203

.000

.024

.109
47

.634
47

.171
47

.999
47

.876
45

.132

.
970(**)

-.021

-.081

.313(*)

.393
44

.000
44

.895
44

.602
44

.050
40

Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
*

pumptime
(min)

Hgb

1

1

1
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Appendix H: Continued

x-clamp
time
(mm)
Age

#bypasses

fluid
balance

time since
analgesia
(hrs)

EF

time since
spinal (hrs)

Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N

#of hours
post op

body mass
index

Hgb

pumptime
(mm)

xclamp time Pearson
(min)

Correlation
Sig. (2-tailed)
N
#of bypasses Pearson
Correlation
Sig. (2-tailed)
N
fluid balance Pearson
Correlation
Sig. (2-tailed)
N
EF
Pearson
Correlation
Sig. (2-tailed)
N
time since
Pearson
last analgesia Correlation
(hrs)
Sig. (2-tailed)
N
time since
Pearson
spinal (hrs)
Correlation
Sig. (2-tailed)
N
*

1
51
.674(**)

1

.000
51

55

118

092

.413
50

.510
54

54

.132

.007

-.435

.683
12

.982
14

.120
14

14

-.007

.015

-.107

-.406

.965
45

.919
47

.481
46

.244
10

.249

.080

.825(**)

.258

.121
40
Correlation is significant at the 0.05 level,

1

47
-.157

.605
.395
.000
.360
44
44
13
36
** Correlation is significant at the 0.01 level.
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Appendix I
Graphs of Mean Outcome Measures
Mean Heart Rate
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Mean Diastolic Blood Pressure
64

62 -

60-

a
Co
'1)

58

-

56

-
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MEANBPD1
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Mean Arterial Pressure
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Mean Arterial Oxygen Saturation
96.0

95.8

95.6-

95.4-

95.2-

95.0-

94. 8
MEANSPO1

MEANSPO2

MEANSPO3

MEANSPO4

MEANSPO5

Mean Mixed Venous Oxygen Saturation
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60
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56
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-

-

-

52 -

50 -

48

46(5
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Mean Stroke Volume
50

46

40
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MEANSV3
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Appendix J
Case Study of SvO2 Changes with Dangling
The changes in SvO2appeared most striking while collecting the data and were of
great interest to the nursing staff. One subject displayed profound changes and is
discussed here as an example of extreme changes in SvO2on dangling. (Please refer to
Appendix A for an explanation of abbreviations.)
Mr. Y. was a73 year old man, admitted one day pre-operatively for CABG
surgery. His history included: poorly controlled hypertension, elevated cholesterol, two
back surgeries, bilateral carotid endarterectomy (2000), mild COPD (on PFT's), mild
pulmonary hypertension, AAA 3.5 cm diagnosed previous month on U/S, recent atrial
fibrillation and NSTEMI, possible previous CVA, and ex-smoker. He had triple-vessel
disease, mild mitral regurgitation, and wall-motion abnormalities and documented normal
LV function. His BMI was 34.66.
Mr. Y. had a3CABG with the left internal thoracic artery to the LAD and
saphenous vein graft to the Ramus and posterior descending artery. His CPB pumptime
was 57 minutes and x-clamp time was 31 minutes (this is typical for 3bypasses). It was
not possible to have spinal analgesia. He was admitted to the CVICU at 1545 hrs on
dopamine at 2.5 ug&gtmin (a positive inotropic agent used to increase contractility),
nitroglycerin at 0.5 ug/kg/min (a vasodilator used to decrease afterload and also improve
coronary perfusion), and diprivan at 20 ug/hr (a sedative). He was 100% ventricular
paced at arate of 80 b/mm. His underlying rhythm was asinus bradycardia in the 40's

-

50's. Nipride (a potent vasodilator used to decrease BP and afterload) was added when he
became hypertensive.
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On his first day postoperative he was extubated in the morning and his
nitroglycerine and dopamine infusions were discontinued. At 1000 hr he was dangled.
The following table displays his hemodynamic parameters surrounding the time of
dangling.
Mr. Y's Hemodynamic Parameters About the Time of Dangling
0800 hr

1000 hr

1415 hr

Normal

CO

4.5

3.6

4-8 L/min

CI

2.2

1.7

2.5 —4.0 L/min/m2

SVR

817

1021

800-1200 dynes-sec/cm 5

SVRI

1701

2127

LVSWI

17.4

12.80

1900-2400 dynes-secfcm 5
/m2
45-65 gfbeat'm2

RVSWI

1.7

0.8

8-12 g/beat/m2

PVR

195

133

100-250 dynes-sec/cm'5

PVRI

407

277

250-350 dynes-sec/cm 5/m2

SV

51.10

40

60-130 ml/beat

PAWP

18

24

4-12 min Hg

Temperature

36.9

36.8

37.6

37

HR

80

80

80

60—lOObeat/min

RR

13

13

16

12-16 breaths/mm

SaO2

93

95

99

90-100%

BP

138/56

124/50

129/56

120/80 mm Hg

MAP

74

70

75

70-105 mm Hg

CVP

22

20

26

0-10 mm Hg

PAP

45/21

38/20

32/22

15-25/8-15 mm Hg

0

C

MPAP

30

28

26

Meds.

Dop. 2.5*

Dop. 2.0

None

Ntg.

Ntg. 0.75

Ø75A

10-18

opamine, Anitroglyceri
ne
The following table displays Mr. Y's measurements during data collection.
Mr. Y's Measurements Before, During, and After Dangling
Baseline

Dangle

HR

80

SBP

80

Dangle 5
in
80

80

Supine 10
mm
80

132

110

145

145

135

DBP

53

54

57

50

52

MAP

74

71

77

70

72

SpO2

93

91

93

91

94

SvO2

48

23

18

21

45

SV

48.1

29.2

53.5

55.1

50.2

Supine

Mr. Y. dangled 18 hr postoperatively. He received hydromorphine 4mg, 20
minutes prior to dangling. He appeared to tolerate dangling well with no complaints of
dyspnea, dizziness, or pain. While he was dangling, Mr. Y's SvO2 dropped dramatically
without any obvious physical signs or symptoms. The ICU physician was notified since
an SvO2 of 18 is very unusual. Also noted was adrop in SBP and SV when Mr. Y.
dangled. Mr. Y. was resettled in bed and his SvO2,BP, and SV levels increased to near
baseline.
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Later that afternoon at 1400 hr, Mr. Y. went into arapid atrial fibrillation.
Pentaspan (a hypertonic intravenous solution) 500 nil was given for the low cardiac index
and urine output. He was started on dobutamine 5ug/kgfmin (a positive inotropic agent
used to increase contractility). His SvO2 was 49% with anormal serum lactate level,
meaning his tissues were receiving and using sufficient amounts of oxygen for aerobic
metabolism rather than reverting to anaerobic metabolism in times of tissue anoxia.
On Mr. Y's second day postoperative, he experienced "pericardial" pain with
ECG changes. He also converted to sinus rhythm, went into pulmonary edema, and had
ischemic acute renal failure as evidenced by arising serum creatinine.
On his third day postoperative, Mr. Y. experienced severe epigastric and back
pain. His BP rose to 260/80, temperature 39.6 degrees Celsius, and lactate to 8.0 (normal
<2). The etiology of the pain was investigated using CT scan, ultrasound, and blood
gases. The blood cultures showed Kiebsiella pneumoniae and he was diagnosed with
sepsis secondary to invasive lines. His central line was changed, arterial line discontinued
and he was started on antibiotics.
Mr. Y. continued to stabilize and improve and was transferred to the ward on
postoperative day 8and discharged home on postoperative day 16.
This case study clearly illustrates the importance of monitoring oxygen delivery
and consumption parameters. Was there some sign in Mr. Y's hemodynamic profile that
could have predicted the SvO2 response to dangling? We see from his readings at 0800
hours, Mr. Y. appeared fairly stable with apaced rhythm of 80 beats/minute and
"normal" BP. What is striking is his impaired myocardial function in terms of output and
cardiac pressures. We see that his CI is below normal, probably secondary to impaired

LV and RV contractility (decreased LVSWI and RVSWI respectively; calculated
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parameters that reflect contractility). Consequently, since the LV was not ejecting an
adequate amount of blood into the systemic circulation, the blood "backed up" into the
pulmonary circulation and, ultimately, the right side of the heart, as seen by the increased
PAP, MPAP, PVRI, and CVP. Mr. Y's hemoglobin was not abnormally low (108 g/dL)
and his SaO2 was within normal limits, thus indicating that at 0800 hours Mr. Y had
reduced oxygen delivery to his tissues as evidenced by his low CI.
Prior to dangling, Mr. Y's tissues were extracting more oxygen than "normal" as
seen by alow SvO2 of 48%. This low SvO2 value was probably due to decreased oxygen
delivery rather than increased oxygen consumption, since Mr. Y. was lying quietly in
bed.
When Mr. Y dangled, his SvO2 dropped further and continued to drop while he
sat for 5minutes. His BP decreased somewhat, but not alarmingly, and his SV also
dropped to asimilar extent of the other subjects in the study. The drop in SvO2 was likely
due to the increased oxygen consumption associated with the muscle movement of
sitting. Therefore, increasing Mr. Y's mobility by dangling him, was associated with a
clinically and statistically significant drop in SvO2.His tissues were extracting alarge
amount of oxygen to meet their metabolic needs. Mr. Y's SvO2 level returned to near
baseline after returning to the supine position for 10 minutes. It remains unknown
whether cellular dysfunction or later problems occurred as aresult of dangling. Mr. Y.
had decreased myocardial function postoperatively and that probably was associated with
his later pulmonary edema and renal failure. Mr. Y's low baseline SvO2 was aprecursor
to his drop in SvO2 when dangled; we were just struck by the extent of the drop.
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While other dependent variables in this study had outliers, none were as clinically
significant as this example and, therefore, will not be discussed.

Appendix K: Correlations of Dependent Variables During Immediate Dangling

149

(T2) with Subject Physiologic Data

Age

T2-HR T2_SBP T2_DBP T2-MAP T2 SPO2 T2_SVO2 T2_SV
Pearson
.108
-.154
.034
-.061
-.142
.038
397(**)
Correlation
Sig. (2-tailed)
.003
.434
.262
.807
.657
.300
.796
N
55
55
55
55
55
55
50
Pearson
459*
.322*
.401*
.027
-.064
-.159
.064
Correlation
Sig. (2-tailed)
.846
.016
.000
.002
.642
.247
.657
N
55
55
55
55
55
55
50
Pearson
.191
-.168
.033
.289*
-.083
-.138
-.094
Correlation
Sig. (2-tailed)
.162
.219
.809
.549
.032
.314
.517
N
55
55
55
55
55
55
50
Pearson
.010
.076
.066
.066
-.039
.225
.040
Correlation
Sig. (2-tailed)
.941
.582
.635
.630
.779
.099
.780
N
55
55
55
55
55
55
50
Pearson
-.003
-.262
.016
-.095
-.145
-.222
-.153
Correlation
Sig. (2-tailed)
.063
.985
.914
.508
.311
.117
.305
N
51
51
51
51
51
51
47
Pearson
334*
.056
-.035
-.162
-.087
-.150
-.199
Correlation
Sig. (2-tailed)
.694
.806
.016
.257
.543
.292
.181
N
51
51
51
51
51
51
47
Pearson
.302*
.322*
-.086
-.067
-.189
-.135
-.055
Correlation
Sig. (2-tailed)
.534
.025
.625
.168
.326
.017
.706
N
55
55
55
55
55
55
50
Pearson
3Ø7*
.270*
.136
.202
.212
-.041
-.089
Correlation
Sig. (2-tailed)
.024
.326
.143
.123
.770
.048
.544
N
54
54
54
54
54
54
49
Pearson
.673*
.603*
..736*
.762*
.010
.290
-.489
Correlation
Sig. (2-tailed)
.008
.022
.003
.002
.974
.314
.107
N
14
14
14
14
14
14
12
Pearson
.087
.156
.018
.116
-.125
.089
.073
Correlation
-

#hrs
postop

BMI

Hgb

Pumptime
(nun)

x-clamp
time (mm)

#bypasses

Fluid
balance

EF

Time since
analgesia

150

Sig. (2-tailed)
N

.562
47

.294
47

.904
47

.437
47

.402
47

Time since Pearson
spinal
Correlation
Sig. (2-tailed)
N

.551
47

.640
43

-.189

.329*

505*

.466*

.033

-.166

.062

.218
44

029
44

.000
44

.001
44

.830
44

.281
44

.701
41

significant at the 0.05 level
** significant at the 0.001 level

*
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Appendix L: Correlations of Dependent Variables During Immediate Dangling (T2)
with All Dependent Variables

T2-HR T2 SBP T2 DBP T2-MAP T2_SPO2 T2_SVO2 T2SV
Ti -HR

T1SBP

Ti_DBP

Ti -MAP

T1_SPO2

T1_SVO2

T1_SV

T2-HR

T2_SBP

T2_DBP

Pearson
930(**)
-.043
.102
.010
.133
Correlation
Sig. (2-tailed)
.000
.757
.460
.941
.332
N
55
55
55
55
55
Pearson
.
048
_.313(*) .518(**)
.328(*) 457(**)
Correlation
Sig. (2-tailed)
.020
.000
.015
.000
.729
N
55
55
55
55
55
Pearson
-.122
.112 .438(**) .361(**)
.086
Correlation
Sig. (2-tailed)
.373
.415
.001
.531
.007
55
N
55
55
55
55
Pearson
-.247 .371(**) .498(**) .525(**)
.136
Correlation
Sig. (2-tailed)
.069
.005
.000
.000
.323
N
55
55
55
55
55
Pearson
-.049
.153
.250
.255 •503(**)
Correlation
Sig. (2-tailed)
.720
.265
.065
.060
.000
N
55
55
55
55
55
Pearson
.010
.246
-.141
.162
.034
Correlation
Sig. (2-tailed)
.942
.070
.305
.804
.239
N
55
55
55
55
55
Pearson
-.234
.085
.128
.146
.045
Correlation
Sig. (2-tailed)
.096
.548
.367
.301
.752
N
52
52
52
52
52
Pearson
1
Correlation
Sig. (2-tailed)
N
55
Pearson
-.075
1
Correlation
Sig. (2-tailed)
.586
N
55
55
Pearson
.089 .617(**)
1
Correlation
Sig. (2-tailed)
.520
.000

.030

.044

.828
55

.762
50

.
033

.045

.811
55

.756
50

-.163

.000

.236
55

.999
50

-.077

.030

.578
55

.839
50

.111

.087

.419
55

.548
50

.779(**)

-.022

.000
55

.878
50

-.108 .588(**)
.445
52

.000
50
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T2MAP

T2SPO2

T2_SVO2

T2_SV

T3 -HR

T3 SBP

T3DBP

T3-MAP

T3SPO2

T3_SVO2

T3SV

N
55
55
55
55
55
55
50
Pearson
-.006 .824(**) .919(**)
1
Correlation
Sig. (2-tailed)
.968
.000
.000
N
55
55
55
55
Pearson
.172
.087
.116
.147
1
Correlation
Sig. (2-tailed)
.209
.527
.397
.284
N
55
55
55
55
55
Pearson
.030 .270(*)
.034
.129
.190
1
Correlation
Sig. (2-tailed)
.831
.046
.808
.348
.165
N
55
55
55
55
55
55
Pearson
.336(*) .386(**)
.281(*)
-.005 .418(**)
.121
1
Correlation
Sig. (2-tailed)
.970
.003
.017
.006
.048
.401
N
50
50
50
50
50
50
50
Pearson
.931(**)
-.090
.134
.020
.102
-.038
-.034
Correlation
Sig. (2-tailed)
.000
.515
.331
.884
.457
.784
.817
N
55
55
55
55
55
55
50
Pearson
-.220 .732(**) 395(**) .604(**)
-.029
-.020
.270
Correlation
Sig. (2-tailed)
.106
.000
.003
.000
.834
.887
.058
N
55
55
55
55
55
55
50
Pearson
-.128 350(**) .698(**) .633(**)
.095
-.057
.069
Correlation
Sig. (2-tailed)
.351
.009
.000
.491
.000
.677
.632
N
55
55
55
55
55
55
50
Pearson
-.165 .571(**) .657(**) .723(**)
.070
-.062
.202
Correlation
Sig. (2-tailed)
.229
.000
.000
.000
.612
.654
.160
N
55
55
55
55
55
55
50
Pearson
.070
.122
.097
.139 .509(**)
.312(*)
.151
Correlation
Sig. (2-tailed)
.610
.374
.482
.310
.000
.020
.294
N
55
55
55
55
55
55
50
Pearson
-.036
.151
-.079
.026
.200 .843(**)
.076
Correlation
Sig. (2-tailed)
.795
.272
.564
.851
.144
.000
.599
N
55
55
55
55
55
55
50
Pearson
340(*)
.311(*)
-.192 .286(*)
.119
-.071 .616(**)
Correlation
Sig. (2-tailed)
.172
.040
.025
.399
.014
.618
.000
N
52
52
52
52
52
52
50

T4-HR

T4 SBP

T4DBP

T4-MAP

T4_SPO2

T4_SVO2

T4_SV

T5-HR

T5 SBP

T5_DBP

T5-MAP

T5SPO2

Pearson
.898(**)
-.023
.113
.040
.098
Correlation
Sig. (2-tailed)
.000
.867
.412
.773
.475
N
55
55
55
55
55
Pearson
.084
-.080 .624(**) .523(**) .629(**)
Correlation
Sig. (2-tailed)
.562
.000
.000
.000
.541
N
55
55
55
55
55
Pearson
.241 .661(**) .563(**)
.169
.066
Correlation
Sig. (2-tailed)
.635
.076
.000
.000
.217
N
55
55
55
55
55
Pearson
.178
-.037 .460(**) 739(**) .723(**)
Correlation
Sig. (2-tailed)
.791
.000
.000
.000
.194
N
55
55
55
55
55
Pearson
.235
-.018
-.065
-.029 .612(**)
Correlation
Sig. (2-tailed)
.084
.894
.639
.833
.009
N
55
55
55
55
55
Pearson
.161
.075
-.070
.012
.225
Correlation
Sig. (2-tailed)
.246
.591
.614
.933
.102
N
54
54
54
54
54
Pearson
.158
.296(*)
.286(*)
.121
-.101
Correlation
Sig. (2-tailed)
.486
.273
.037
.044
.402
N
50
50
50
50
50
Pearson
.925(**)
-.024
.172
.065
.131
Correlation
Sig. (2-tailed)
.000
.862
.209
.635
.340
N
55
55
55
55
55
Pearson
_.298(*) .527(**) .410(**) 505(**)
-.140
Correlation
Sig. (2-tailed)
.027
.000
.002
.000
.308
N
55
55
55
55
55
Pearson
.203 .578(**) .473(**)
.013
-.016
Correlation
Sig. (2-tailed)
.908
.137
.000
.000
.924
N
55
55
55
55
55
Pearson
-.050
-.235 345(**) .556(**) .523(**)
Correlation
Sig. (2-tailed)
.084
.010
.000
.000
.716
N
55
55
55
55
55
Pearson
.094
.092
.128 .554(**)
.092
Correlation
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-.049

.069

.724
55

.632
50

-.038

.171

.786
55

.235
50

.069

.069

.618
55

.635
50

.038

.145

.783
55

.317
50

.184

-.052

.179
55

.722
50

.746(**)

.010

.000
54

.945
49

-.152 .478(**)
.292
50

.001
49

-.041

.045

.767
55

.756
50

-.043

.093

.754
55

.522
50

-.124

.071

.367
55

.622
50

-.101

.083

.462
55

.568
50

.053

.180

Sig. (2-tailed)
.503
N
55
T5_SVO2 Pearson
-.069
Correlation
Sig. (2-tailed)
.621
N
53
T5_SV
Pearson
-.202
Correlation
Sig. (2-tailed)
.156
N
51
* significant at the 0.05 level
** significant at the 0.001 level
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.493
55

.505
55

.352
55

.000
55

.096

-.129

.006

.18

.493
53

.357
53

.967
53

.181
53

.094

.151

.185

.003

.510
51

.290
51

.193
51

.982
51

.703
55

.211
50

.709(**)

.049

.000
53

.743
48

-.047 .395(**)
.743
51

.005
49

