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ABSTRACT 

A two-part study was performed to determine the effect of peri

odic turning and oscillation therapy on the mechanically ventilated 

patient's airway clearance. A secondary analysis of data was performed 

to compare the effect on airway clearance between subjects on an air-

flotation, continuous oscillating bed, the Biodyne'" (n — 8), and sub

jects on a standard hospital bed manually turned every two hours 

(n = 10). Airway clearance was evaluated over a three-day period: 

(1) frequency of suctioning, (2) description of secretions, (3) a/APC>2 

ratio, and (4) respiratory compliance measures. The secondary analysis 

findings indicated no statistically significant differences between the 

Biodyne™ group and the standard group. A third group of subjects, the 

Rotorest™ bed subjects (n = 7), was retrospectively assessed for effec

tive airway clearance and reported as a descriptive study. The 

Rotorest'" group's sputum appearance, which changed from "purulent-

bloody" to "clear-light yellow," demonstrated significant clearing over 

three days (x^ =4.24, df =1). 
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CHAPTER 1 

INTRODUCTION 

Two common nursing responsibilities in the care of patients are 

maintenance of a patent airway and the prevention of pulmonary complica

tions. In the past, the primary nursing preventive interventions were 

characterized by the common phrase, "turn, cough, and deep breathe." 

Today, as patient care becomes more complex, the problems of maintaining 

airway patency and preventing pulmonary complications require a greater 

than usual amount of nursing care time and effort. In the critical care 

areas, the basic interventions of turn, cough,, and deep breathe may be 

ineffective or even impossible to perform. Furthermore, immobility, 

endotracheal intubation, and certain disease processes may alter an 

individual's airway defense mechanisms, including loss of upper airway 

protective function and impairment of mucociliary and cough transport. 

Hence, critical care nurses are challenged to develop new techniques to 

maximize clearance as well as to develop approaches to monitor airway 

clearance and the effectiveness of interventions. 

One intervention that has been employed to optimize mobilization 

of secretions and to prevent pulmonary complications is repositioning or 

turning the patient at least every two hours. Repositioning the patient 

more frequently than every two hours or even continuously may be more 

effective than a two-hour schedule. This emphasis on turning has pro

moted the development of specialized beds that provide the patient with 

continuous oscillation therapy. One company, Kinetic Concepts, Inc., 

has designed two oscillating beds called the Rotorest'" and the Biodyne"1. 
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This company has advocated the use of these special beds to prevent 

immobility complications and to promote more effective airway clearance 

for critically ill patients. 

Identifying effective monitoring techniques for the mechanically 

ventilated patient is another way for critical care nurses to promote 

airway clearance. Nurses attempt to maintain adequate airway clearance 

through mobilization and removal of retained secretions in the mechani

cally ventilated patient. Yet, the determination of whether a sudden 

increase in the amount of secretions is beneficial (i.e., improved 

clearance) or abnormal (i.e., increased production) can be difficult. 

Certain clinical indicators — productivity of endotracheal suctioning, 

efficiency of oxygenation, and effective respiratory system compliance 

measurements — are used to monitor the mechanically ventilated 

patient's airway clearance. 

Endotracheal suctioning is frequently used to indirectly monitor 

mobilization and removal of secretions. By suctioning, nurses can 

assess the amount and the appearance of the patient's secretions and the 

efficacy of certain interventions such as frequent position changes. 

Parameters of gas-exchange efficiency are another source of data 

for evaluating airway clearance. Hypoxemia is associated with many pul

monary complications, such as pneumonia and atelectasis, that cause 

ventilation-perfusion imbalances. A simple measure of the defect in gas 

transfer is the arterial/alveolar oxygen tension ratio (a/APC^) (Gilbert 

& Keighley, 1974). If the arterial oxygen tension rises and the a/APC^ 

ratio increases subsequent to an increase in the volume of secretions 

retrieved by suctioning, then the increase in the amount of secretions 
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becomes beneficial for the mechanically ventilated patient. Conversely, 

if hypoxemia and the a/APC^ ratio worsen with an increase in amount of 

secretions retrieved, an abnormal pulmonary condition which has 

increased mucus production may be present. 

Another clinical approach to evaluating airway clearance is to 

monitor lung mechanics in the mechanically ventilated patient. By mea

suring the difference in dynamic and static compliance, nurses are able 

to assess changes in airway resistance. As airway clearance affects 

airway resistance, measures of pulmonary compliance become indirect 

measures of clearance. Pulmonary compliance is defined as the volume 

change per unit of pressure change. Bone (1983) stated that respiratory 

system compliance is the pressure required to inflate the lungs and move 

the chest wall with a given volume of gas. The measurements, which can 

be easily obtained in the intubated mechanically ventilated patient, can 

be made under either dynamic or static conditions. 

Statement of the Problem 

Impaired airway clearance, or mucostasis, is a documented prob

lem in critically ill patients who require mechanical ventilation. A 

variety of nursing interventions have been used to improve clearance and 

prevent pulmonary complications. The most common techniques include 

suctioning, postural drainage, percussion and vibration, hydration, and 

aerosols. Another significant measure employed to improve mucus trans

port and prevent complications is periodic turning at least every two 

hours. 
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However, repositioning a critically ill patient poses multiple 

problems; for example, loss of intravascular lines, cardiac dysrhyth

mias, and positional hypoxemia. Also, turning adult patients can have 

adverse effects for the nursing staff such as use of nursing time and 

possible resultant nurse injuries. Thus, the problem remains to find an 

effective and safe way to turn critically ill patients without imposing 

further complications. 

The recent introduction of continuous oscillating beds has pro

vided an easier, safer way to turn patients. Kinetic Concepts, Inc., 

promotes the idea that the Rotorest*" and Biodyne™ beds prevent the haz

ards of immobility. Also, some suggest that the continuous postural 

changes provided by the special beds may enhance the mobilization of 

secretions even more than periodic turning (Milazzo & Resh, 1982). 

Similar to much of the high-technology medical equipment used today, the 

cost of the oscillating beds is high and they should not be used indis

criminately. Studies are needed to provide data so that the cost/bene

fit ratio can be determined. Critical care nurses must have guidelines 

to objectively determine which patients are most likely to benefit from 

oscillation therapy. Only when these guidelines are established can 

nurses appropriately use the new clinical interventions. 

Statement of the Purpose 

The present study was a secondary analysis that used data from 

another major study called "Efficacy of Biodyne™ Oscillating Bed Therapy 

in Acutely 111 Patients" (Traver, Quan, Tyler, & Hudson, 1991). The 

sample obtained from the parent study included subjects on the Biodyne™ 
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oscillating bed and subjects who were on conventional hospital beds. 

The major or parent study is further described in a later chapter. In 

addition, this study examined descriptive data from a group of subjects 

who were being treated with another oscillating bed, the Rotorest™. The 

primary purpose was to determine the effect of periodic turning and con

tinuous oscillation therapy on airway clearance. 

Research Questions 

The research questions were divided into primary and secondary 

research questions. The primary questions related to the secondary 

analysis using those subjects on the Biodynem and standard beds. The 

secondary questions applied to those subjects on the Rotorest™ bed. The 

primary research questions were: 

1. Do mechanically ventilated subjects receiving continuous oscil

lation from the Biodyne'" bed require more frequent suctioning 

than subjects turned at periodic intervals? 

2. Do mechanically ventilated subjects receiving continuous oscil

lation from the Biodyne™ bed have a lower prevalence of puru

lent, nonmucoid sputum than subjects turned at periodic 

intervals? 

3. Do mechanically ventilated subjects receiving continuous oscil

lation from the Biodyne™ bed have a smaller difference between 

dynamic and static compliances than subjects turned at periodic 

intervals? 



15 

The secondary research questions were: 

1. Do mechanically ventilated subjects require more frequent suc

tioning after three days on the Rotorest"1 bed than the first day 

the subjects received continuous oscillation? 

2. Do mechanically ventilated subjects have a lower prevalence of 

purulent sputum after three days on the Rotorest"1 bed than the 

first day the subjects received continuous oscillation? 

3. Do mechanically ventilated subjects have a smaller difference 

between dynamic and static compliances after three days on the 

Rotorest"1 bed than the first day the subjects received continu

ous oscillation? 

Two additional research questions applied to both the Biodyne™ and stan

dard groups and the Rotorest"1 group: 

1. Is there a relationship between the frequency of suctioning and 

a difference between dynamic and static compliances in the 

mechanically ventilated patient? 

2. Is a higher a/APC^ ratio associated with an increased frequency 

of suctioning or an increased volume of secretions? 

Significance of the Problem 

Maintaining a patent airway in mechanically ventilated patients 

is an integral part of critical care nurses' responsibilities. The tra

ditional technique of turning a patient at least every two hours is 

being challenged by the idea that continuous oscillation is more effec

tive in the mobilization of secretions. As the treatment of critically 

ill patients becomes more and more complex, more effective ways to 



prevent pulmonary complications from immobility are needed. Thus, a 

clinical investigation is required to determine the efficacy of continu

ally turning beds on the specific factor of airway clearance. 

Conceptual Framework 

The conceptual framework for this study is based on the normal 

physiology of airway defense mechanisms and the effects of immobility, 

endotracheal intubation, and turning and oscillation therapy on airway 

clearance of mechanically ventilated patients. 

Normal Physiology 

The mucociliary system is essential for the defense of the lower 

airways. This system protects the airways and lungs by trapping inhaled 

particles and propelling them along the airways, eventually to be swal

lowed or expectorated. Though the larger inhaled particles, greater 

than 10 micrometers in diameter, are filtered by the upper airway mecha

nisms, the smaller particles are usually entrapped by the mucociliary 

system which extends from the posterior two-thirds of the nasal cavity 

to the terminal bronchioles. The mucociliary system is made up of mucus 

and cilia; both need to be examined to understand airway clearance. 

Mucus is produced and secreted by submucosal glands and epithe

lial mucous cells in the tracheobronchial tree. Mucous secretions col

lect on the interior surface of the airways. The mucous blanket is 

actually made up of two layers, an inner layer which is thin and watery 

(sol layer) and an outer layer which consists of viscous mucus (gel 

layer). Ciliated epithelium cells are found in the trachea, bronchi, 

and bronchioles, but not in the acinus (respiratory bronchioles, 
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alveolar ducts, and the alveoli). Each ciliated cell has approximately 

200 cilia which are surrounded by the watery sol layer with the gel-type 

mucus floating on top (Cosenza & Norton, 1986). The cilia, which beat 

in a coordinated fashion at approximately 1000 to 1500 times per minute, 

propel the gel layer of mucus and entrapped particles to the pharynx 

(Ganong, 1991). Under normal conditions, the daily secretion of mucus 

is approximately 10 milliliters, and the ciliary movement propels these 

secretions along the airway at a rate which is sufficient to maintain 

airway clearance (Sleigh, Blake, & Liron, 1988). 

Abnormal conditions can occur which will impair the normal 

mechanisms of mucociliary clearance. When such an abnormal condition 

occurs, coughing becomes the major 'means of airway clearance. Coughing 

is initiated by stimulation of irritant receptors in the larynx, tra

chea, or bronchi (Cosenza & Norton, 1986). The usual cough response 

includes the following steps: (1) a deep inhalation, (2) closure of the 

glottis, (3) contraction of expiratory muscles, and (4) glottic opening 

(Cosenza & Norton, 1986; Traver, 1982). The linear velocity of air gen

erated by coughing produces a shearing force to dislodge particles and 

mucus so that they may be expelled. The major effect of cough is in the 

larger airways. Cough may also help to move mucus from the periphery to 

the central airways, but time may be required to achieve this movement. 

Thus, normal function of the mucociliary system is influenced by 

several different factors, including the specific physical characteris

tics of the mucus produced and the presence of effective ciliary beat. 

When there is decreased effectiveness of the mucociliary system or when 

normal function is overwhelmed by different disease processes, then 
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cough becomes a major mechanism, especially in the clearance of the 

larger airways. 

Effects of Intubation and Mechanical 
Ventilation on Airway Clearance 

The critically ill patient may experience acute respiratory 

failure and require mechanical ventilation to improve gas exchange. 

Though endotracheal intubation and mechanical ventilation are life-

saving, the patient may have adverse effects from the treatment. Any

thing that alters the integrity or function of the cilia, such as endo

tracheal intubation, can preclude clearance of mucus. Thus, tracheal 

intubation puts the critically ill patient at risk for inadequate airway 

clearance. Sackner, Hirsch, and Epstein (1975), in a study of anesthe

tized dogs, demonstrated that there was a significant depression of tra

cheal mucus velocity within 5 to 60 minutes after inflation of the bal

loon on the endotracheal tube. Sackner et al. (1975) also hypothesized 

that mucociliary clearance may be further decreased in the intubated 

subject by the frequent colonization of the tracheobronchial tree by 

gram-negative organisms. 

In addition, the physical presence of a tracheal tube can cause 

disruption of the mucociliary system and, to some degree, the patient's 

ability to cough. With placement of an artificial airway, the normal 

upper airway and tracheal functions of humidifying and filtering 

inspired gas are lost. The loss of these defenses can subsequently 

affect the lower airways and the mucociliary transport system (Shekelton 

& Neild, 1987). 
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The insertion of the endotracheal tube can cause structural 

damage to the airway tissue. Laryngeal edema, inflammation, ulceration, 

and hematoma may occur from either the actual procedure of intubation or 

after endotracheal intubation. There are additional long-term adverse 

tissue effects of intubation such as tracheomalacia, denuded epithelium, 

and ciliary damage. Depending upon the circumstances, either tracheal 

stenosis or tracheodilation may also occur (Shekelton & Neild, 1987). 

The bypass of and the direct damage to the upper airway and trachea as a 

result of endotracheal intubation impairs the mucociliary transport 

system. Hence, the critically ill patient is at risk for inadequate 

airway clearance. 

Furthermore, it has been demonstrated that a high concentration 

of oxygen in the inspired gas may induce suppression of the mucociliary 

system. Sackner, Hirsch, Epstein, and Rywlin (1976) studied anesthe

tized dogs to observe the effect of different levels of inspired oxygen. 

Tracheal mucus velocity decreased 45% after two hours of administration 

of an oxygen concentration of 1.00. After nine hours of administration 

of an oxygen concentration of 0.75, tracheal mucus velocity dropped by 

42% from its baseline. Even an inspired oxygen concentration as low as 

0.50 for 24 hours demonstrated a decrease of 20% in tracheal mucus 

velocity. It is not uncommon for such high inspired oxygen concentra

tions to be required in the care of the critically ill patient. 

When the function of normal airway clearance mechanisms is 

impaired, the cough maneuver becomes more important. Yet, with an arti

ficial airway in place, the cough maneuver may not be very effective. 

Gal (1980) reviewed the effect of endotracheal intubation on cough 
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dynamics, which provided insight on the impact of intubation on cough 

efficacy. Despite eliminating the normal mechanism of glottis closure, 

endotracheal intubation does not impair the ability to generate high 

intrathoracic pressures during coughing. Yet, the resistance of the 

tube itself does not allow maximal flows to be reached at high lung 

volumes in spite of increased effort. Furthermore, even with a high 

flow rate, the velocity required to remove secretions from the airway 

demands a significant decrease in the airway lumen size. The noncol-

lapsible endotracheal tube does not allow this area of the airway to 

decrease; hence, the linear velocity needed to clear the secretions may 

not occur. 

Suctioning a patient who is mechanically intubated at fairly 

frequent intervals is a standard of care for maintaining adequate airway 

clearance. Yet, suctioning can cause damage to the tracheal wall and 

can also introduce pathogens. Landa, Kwoka, Chapman, Brito, and Sackner 

(1980), in a study with sheep that had undergone tracheostomies, demon

strated that, despite the type of suction catheter used, there was 

decreased ciliary action up to three hours after suctioning had 

occurred. 

The use of mechanical ventilation may also require that the 

patient receive additional pharmacological interventions such as narcot

ics , sedatives, and paralytics. These drugs are used to decrease the 

work of breathing in mechanically ventilated patients. The effects of 

the drugs — decrease in mental status and paralysis of muscles — can 

diminish or abolish the patient's ability to cough. Hoffman (1987) 

explained that these drugs may make the coordinated muscular efforts 
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that are required for effective coughing difficult or even impossible to 

accomplish. 

Effects of Immobility on Airway Clearance 

The acutely ill patient may be completely stationary for hours 

or even days due to cardiovascular instability. As the amount of high 

technology has increased in intensive care units, sicker patients are 

more prevalent and the problems of immobility have increased. For many 

years, clinicians have recognized the problems associated with altera

tions in physical mobility. Pulmonary complications, such as atelecta

sis and pneumonia, have been related to the immobile state of the 

patient (Reines & Harris, 1987). 

Mackenzie, Imle, and Ciesla (1989) stated that the position 

change from upright to supine results in decreased total lung capacity 

with decreased vital capacity, functional residual capacity, residual 

volume, and forced expiratory volume. The rib cage shape changes, with 

the anteroposterior diameter decreasing and the lateral diameter 

increasing. In normal subjects, pulmonary blood flow and ventilation 

distribution are modified by the position change. The respiratory func

tion is further altered by the supine position, with a decrease in alve

olar size and the closure of small airways in the independent lung 

zones. The decrease in airway caliber and airflow can lead to secretion 

retention. In acutely ill patients, these alterations in respiratory 

status can lead to impaired airway clearance and certain lung 

pathologies. 
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Bedrest not only affects the lung volume, but also directly 

affects the mucociliary system. Browse (1965) stated that the supine 

position interferes with ciliary action by disturbing the normal disper

sion of mucus around the bronchiole. He proposed that, when a bronchi

ole is turned on its side, gravity draws the mucus downwards into a 

puddle on the lower side and a very thin layer on the upper side. These 

effects on the cilia, dry mucosa, and thick layer of mucus may cause the 

mucociliary system to work inadequately or not work at all. Hence, 

these conditions may predispose the patient to infection due to the 

obstruction of the bronchiole by the thick layer of mucus and an 

increased vulnerability to bacterial invasion due to the dry mucosa. 

Others have reported on additional pulmonary complications from 

immobility. Kelley, Vibulsreath, Bell, and Duncan (1986) and Olson 

(1967) associated immobility with the pooling of mucus in dependent 

bronchi with accompanying atelectasis and the potential of promoting 

pneumonia. Fink, Helsmoortel, Stein, Lee, and Cohn (1990) stated that 

lung edema from immobility can inhibit the clearance of bacteria and 

lead to lower respiratory tract infections. Hence, critically ill 

patients are not only threatened by their illness but also by the com

plications associated with immobility, intubation, and different medical 

treatments employed to support the patient during the acute period. 

Effects of Turning on Airway Clearance 

Many different techniques have been and are used to improve the 

critically ill patient's airway clearance. These techniques include 

chest physiotherapy, postural drainage, hydration, aerosol treatments, 
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and intermittent positive pressure breathing (IPPB) treatments. 

Although beneficial to the patient, these therapies may not alleviate 

all the problems associated with immobility. One intervention that may 

help prevent a majority of immobility complications, including pulmonary 

problems, is turning the patient at frequent intervals. 

Milazzo and Resh (1982) reported that, in 1945, Munro first 

demonstrated that two-hourly turning was adequate to prevent decubitus 

ulcers in the acute paraplegic patient. This documentation has led to 

the currently accepted nursing practice of turning patients at least 

every two hours. Since the late 1950s and early 1960s, clinicians have 

begun to recognize the significance of turning patients to prevent haz

ards of immobility, including pulmonary complications. 

Though not many studies have been performed to look at the bene

fit of turning on airway clearance, the ones conducted have shown that 

there is great benefit in frequent turning. Ray et al. (1974), in an 

investigation with dogs, found that immobile dogs had a greater inci

dence of atelectasis and pulmonary edema. The mobile dogs were sub-

grouped into dogs that were turned at hourly intervals and dogs turned 

at 30-minute intervals. The dogs turned every 30 minutes had a greater 

oxygenating ability than the immobile dogs. Though there was a tempo

rary decrease in oxygenating ability in the dogs turned every hour, the 

investigators stated that turning the dogs helped restore lost oxygen

ating ability if interstitial edema or hypoxemia did occur. 

Wahrebrock, Carrico, Schroeder, and Trununer (1970) studied 31 

mongrel dogs to determine the effect of position on pulmonary status. 

They reported that the dogs that were changed from the supine to the 
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lateral and to the normal upright positions approximately every 90 min

utes had a higher survival rate than immobile dogs after five hours of 

anesthesia. The dogs that remained in the upright position without 

position changes during the anesthesia had significantly higher mortal

ity rates. On autopsy, the unturned dogs demonstrated bronchopneumonia 

and atelectasis. The results from this research appear to indicate that 

position changes are crucial for airway clearance and survival. 

Piehl and Brown (1976) reported that turning and position 

changes allow gravity principles of postural drainage to be applied to 

severely ill patients. Summer, Curry, Haponik, Nelson, and Elston 

(1989) agreed that changing positions allows the effects of gravity upon 

pulmonary blood flow distribution and ventilation and the mobilization 

of bronchopulmonary secretions. Langer, Mascheroni, Marcolin, and 

Gattinoni (1988) concurred that changing the position of intensive care 

patients may allow for better drainage of tracheobronchial secretions. 

Therefore, in summary, the premise that clearing of pulmonary 

secretions is enhanced by turning or postural changes that vary position 

of the lung is supported both by clinical and experimental studies. The 

question of the most effective frequency of turning is not as clear. 

Summary 

Maintaining a patent airway is crucial in preventing pulmonary 

complications in the mechanically ventilated patient. The mechanically 

ventilated patient is at risk for developing mucostasis not only from 

the illness that caused the patient to be ventilated, but also from a 

variety of iatrogenic factors that result from endotracheal intubation 
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and mechanical ventilation. The factors that may cause mucociliary 

impairment include the cuffed endotracheal tube, endotracheal suction

ing, high inspired oxygen concentration, sedation and chemical paraly

sis, and further hazards from immobility. Unfortunately, these factors 

are, at times, unavoidable in critically ill patients. 

It has been proposed that frequent turning will decrease the 

effects of immobility and other iatrogenic factors imposed in the criti

cally ill, mechanically ventilated patient. Therefore, the perspective 

for this study indicates that the greater the movement or turning a 

patient receives there will be significant differences in airway clear

ances. Patients on the Rotorest™ and Biodyne"" beds, compared to stan

dard turning, should show a greater mobilization of secretions, as indi

cated by more frequent suctioning, less prevalence of purulent sputum, 

smaller differences between dynamic and static compliances, and greater 

oxygenation as indicated by the a/APC^ ratio. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Literature pertaining to (a) the effects of immobility on the 

respiratory system, (b) the effects of different body positions and 

turning on the respiratory system, and (c) the effects of continuous 

oscillation therapy on the respiratory system are presented in this 

chapter. 

Effects of Immobility on the Respiratory System 

Whedon, Deitrick, and Shorr (1948) performed one of the first 

studies investigating man's response to immobilization. Four normal men 

were studied. During the activity or control period, approximately five 

weeks, the subjects received a daily regimen of exercise. The following 

immobilization period consisted of bedrest for six to seven weeks, with 

the subjects' mobility further limited by placement of a bivalved cast 

extending from the umbilicus to the toes. The pulmonary function tests 

that were performed during the control and bedrest periods included 

vital capacity and maximum voluntary ventilation and breath-holding 

ability. The investigators found no difference in the tests between the 

two periods, but did comment that subjects appeared more fatigued and 

red-faced or required more effort to maintain the breath hold during 

immobilization as compared to the control. 

Other than the early work of Whedon et al. (1948), clinical and 

research studies are limited in the area of immobility. A large amount 

of the theory of the effects of immobility were published by Olson 
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(1967). Olson suggested that immobility had a detrimental impact on all 

systems.of the human body. The three physiologic effects on the respi

ratory system were decreased respiratory movement, decreased movement of 

secretions, and disturbed oxygen-carbon dioxide balance. The limita

tions to chest wall expansion, which can be due to either counter-

resistance from a bed or immobility, can decrease lung expansion and 

eventually cause a decrease in lung compliance. 

Olson (1967) theorized that immobility causes stasis and pooling 

of secretions. The decreased movement of secretions provides an ideal 

medium for bacterial growth in the body. Olson stated that, due to the 

stasis of secretions, patients frequently develop hypostatic pneumonia. 

The combination of decreased respiratory movement and the unmoving 

secretions may cause the patient to work harder to breathe. In addi

tion, a decrease in respiratory movement and a decrease in movement of 

secretions results in impairment of gas exchange. The disruption of 

oxygen-carbon dioxide balance leads to development of hypoxemia and 

eventually to respiratory acidosis. 

Effects of Different Body Positions and 
Turning on the Respiratory System 

Beginning in the mid-1970s, researchers started to investigate 

moving patients to different body positions to improve patient respira

tory status. Leblanc, Ruff, and Milic-Emili (1970) studied the effects 

of age and body position on airway closure. Airway closure or closing 

volume (CV) was defined as the lung volume at which the dependent lung 

zones cease to be ventilated. A total of 80 volunteer subjects, 74 men 

and 6 women, ages 18 to 82 years old, were studied. None of the 
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subjects had a history of chronic cardiac or respiratory disease. 

Radioactive gas, 133 xenon, was used to measure CV while the subjects 

were in a seated position and in the supine position. The CV increased 

linearly with age in the subjects. In the seated position, the CV 

exceeded the functional residual capacity (FRC) at the age of 65 and 

older. In the supine position, the CV exceeded the position-induced 

reduced FRC at an earlier age, 45 years or older. The authors theorized 

that if the CV exceeded the FRC then airway closure would occur during 

resting ventilation, resulting in decreased ventilation to the dependent 

zones of the lungs, and the occurrence of impaired gas exchange would 

increase. 

Douglas, Rehder, Beynen, Sessler, and Marsh (1977) studied the 

prone position in patients with acute respiratory failure. Six patients 

who were mechanically ventilated were turned from the supine position to 

the prone position, supporting the upper thorax and pelvis and allowing 

the abdomen to protrude. All but one of the subjects had diffuse pulmo

nary infiltrates; the infiltrates of the remaining subject were confined 

to the right-middle and lower lobes. Subjects 1-5 were turned back and 

forth between supine and prone at four-hour intervals. Subject 6 was 

kept prone for 33 hours before he was positioned back to supine. Arte

rial blood gases were determined at various times before and after the 

subjects were turned prone. 

In subjects 1, 3, 4, 5, and 6 there was a pronounced increase in 

Pa02 after the initial turn from supine to prone. Tidal volume, 

inspired oxygen fraction (FiC^), and positive end-expiratory pressure 

(PEEP) were unchanged between positions. Subject 2 showed no difference 
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with position changes; the lack of effect was attributed to the agita

tion and restlessness of the subject. On subsequent turning of the sub

jects from the prone to the supine position when the tidal volume, FiC^, 

and PEEP were unchanged, the PaC>2 decreased in 12 to 14 instances. One 

exception was subject 6 who, when turned back to supine after 33 hours 

prone, had an increase in Pa02. The researchers did not state when the 

arterial blood gases were drawn after each position change. The authors 

believed that the improved oxygenation by the prone position was due to 

the increase in functional residual capacity and the greater means of 

expanding and ventilating the dorsal aspects of the lungs in the prone 

position. 

Besides different body positions, researchers have begun to 

study the effect of frequent turning on the respiratory system. Ray et 

al. (1974) performed a study of immobilization and anesthesia on dogs. 

The investigators compared anesthetized, immobilized dogs to anesthe

tized dogs that were turned to alternate lateral positions. Nine dogs 

were anesthetized with pentobarbital sodium intravenously. Ventilation 

was effected with an animal respirator. The specific tidal volumes and 

the percent of oxygen used during the study were not reported. Poly

ethylene 240-gauge catheters were placed in both superior lobe pulmonary 

veins, the aorta, and the right atrium for pressure determination and 

blood samples. The animals were placed into three experimental groups: 

(a) control, three dogs kept in one lateral position for six to ten 

hours; (b) three dogs moved every 30 minutes to alternate lateral posi

tions; and (c) three dogs moved hourly to alternate positions. 
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In the immobile dogs that were placed in the lateral position, 

the "up" lung continued to maintain a pulmonary venous oxygen pressure 

(PpV02) above 55 mm Hg. In contrast, the "down" lung had a fall of the 

Ppv°2 t0 111111 ^ hour of the experiment. The peripheral 

Pa02 was 58 mm Hg at the third hour and was 43 mm Hg at the sixth hour. 

Pulmonary arteriovenous shunting reached 40% by the fourth hour of the 

experiment. The "down" lung also demonstrated subpleural hemorrhage and 

atelectasis at autopsy. 

Group 3, dogs moved at hourly intervals, showed evidence of con

sistent improvement in oxygenation of the lung in the up position over 

when it had been in the down position. Conversely, whichever lung was 

down developed a low Pa02- The improvement in oxygenating ability of 

the lung moved to the up position occurred within minutes and thereafter 

sometimes improved and sometimes worsened. Pulmonary arteriovenous 

shunting remained below 30% throughout the experiment. Post-mortem 

examination indicated scattered areas of atelectasis and subpleural 

hemorrhage. 

Group 2, dogs moved at half-hour intervals, showed greater oxy

genating ability throughout the experiment. Pulmonary arteriovenous 

shunting remained within normal physiologic levels. Upon autopsy, the 

dog lungs were generally well aerated and atelectatic areas were neither 

large nor confluent. 

The authors stated that Group 2 dogs had better outcomes from 

the frequent turning intervals of every 30 minutes. They summarized 

that position of the body does affect distribution of pulmonary blood 

flow, ventilation, alveolar size, and arterial oxygenation. 
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Chulay, Brown, and Summer (1982) studied the effects of post

operative immobilization after coronary artery bypass surgery. Thirty-

five subjects scheduled for elective coronary artery bypass were ran

domly assigned into two groups. One group remained in the supine posi

tion for the first 24 hours, which was the current post-operative care. 

The second group had their body position systematically turned every two 

hours for the first 24 hours. The experimental group was turned between 

the supine and a left or right lateral posture at a 45-degree angle. 

The positioning angle was maintained with a foam wedge. 

Vital signs were recorded every 15 minutes and pulmonary artery 

pressure was recorded every 60 minutes. Temperature was recorded every 

one to two hours for the first 72 hours. Oxygen tension levels were 

obtained at least every four hours during the first 24 hours. Alveolar-

arterial oxygen difference, P(A-a)02, on 1.00 concentration of oxygen 

was obtained on admission to the surgical intensive care unit and 24 

hours post-operatively. The duration of endotracheal intubation and 

length of stay in the intensive care unit were recorded. Portable 

radiographs were obtained on admission to the. unit and daily for the 

first three post-operative days. 

The authors found that there was a marked difference between the 

two groups in the duration of post-operative fever. Control patients 

had a temperature above 38 degrees Celsius for 44.0 ± 11.4 hours during 

the first 72 hours. The experimental group experienced only 26.4 ± 14.1 

hours of fever during this period. A 32% reduction in the time that 

turned subjects stayed in the intensive care unit was also demonstrated. 

The control group spent 58.3 ± 27.7 hours in the unit and the 
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experimental group 29.7 ± 14.2 hours. There were no further statisti

cally significant differences in the additional data collected; for 

example, abnormalities in chest radiographs, alveolar-arterial oxygen 

differences, and duration of endotracheal intubation. The researchers 

stated that, though the mechanism for reduced post-operative fever 

remained a question, it may be due to prevention of dependent pulmonary 

congestion resulting in less small airway obstruction, distal atelecta

sis, and inflammation. 

Effects of Continuous Oscillation Therapy 
on the Respiratory System 

In 1948, Whedon et al. submitted an addition to their published 

work on the effect of immobilization on four normal males. Three of the 

original four subjects were placed on a Sanders oscillating bed that 

rocked up and down on a fulcrum in the middle of the bed. The total arc 

of excursion was 24 degrees, and the subjects' feet moved 5 degrees 

above and 19 degrees below the horizontal. The speed of oscillation was 

adjusted so that one complete cycle required one and three-fourths min

utes. The three subjects again were placed in bivalved casts and were 

on the oscillating beds for approximately four to five weeks. The sub

jects averaged between 8 and 21 hours a day while the oscillating bed 

was in motion. 

The respiratory function was studied in a similar manner as in 

the prior study on the fixed beds. The results showed that the actual 

pulmonary ventilation per unit of time was not increased by oscillation. 

However, the researchers did find a shift in the average level of the 

diaphragm. They summarized that this shift in the diaphragm was a 
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benefit, since it might lead to greater aeration at intervals of por

tions of the lungs which would not be aerated at the constant diaphragm 

level prevailing at rest in a fixed bed. 

Reines and Harris (1987) performed a retrospective chart review 

on 123 patients admitted with spinal cord injuries. The records were 

examined for the presence of pulmonary complications. Forty-nine had 

tetraplegia and 23 had paraplegia; the remainder suffered a variety of 

neurological deficits. The ages of the subjects ranged between 14 and 

60 years of age. Variable treatment was given to the subjects depending 

upon the injuries, with some subjects receiving oscillation therapy. 

In their review of the 123 patients, the investigators found 

that 53 pulmonary complications were noted in 44 patients (35.7%) during 

the first month of hospitalization. The most common problems were atel

ectasis and pneumonia. Atelectasis was defined on the basis of 

decreased breath sounds on physical exam or radiological evidence of 

segmental or lobar collapse. The diagnosis of pneumonia was established 

when fever, leukocytosis, and purulent sputum were present. There were 

22 deaths and the cause of death was attributed to pulmonary complica

tions in 14 patients (11%). Two other factors that were found to corre

late with the development of pulmonary complications were forced vital 

capacity (FVC) and decreased oxygen tenson (PaC^). The mean FVC for 

patients developing pulmonary complications was 1127 ± 410 cc, whereas 

for patients without complications the mean FVC was 1865 ± 850 cc. Sub

jects without pulmonary complications had normal oxygenation on room air 

(Pa02 90 mm Hg) compared to a Pa02 of 76 mm Hg for those subjects with 

complications. 
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Twenty of the 123 patients were treated with kinetic therapy, 

the Rotorest™ bed, during their hospital course. Pulmonary complica

tions developed in only two (10%) of these subjects. The mean time on 

the Rotorest™ bed was 5 to 10 days. Whenever the patients.were removed 

from the oscillating bed, 55% developed pulmonary complications. 

The investigators concluded that respiratory complications were 

a major cause of early morbidity and mortality among patients with 

spinal cord injuries. Also, the use of the Rotorest" bed seemed to 

decrease the incidence of respiratory complications related to atelecta

sis and the inability to breathe deeply. By rotating the patient and 

maintaining blood flow and change of position frequently, the bed 

allowed better pulmonary clearance and the prevention of retained 

secretions. 

Another study was performed by Demarest, Schmidt-Norwara, Vance, 

and Altman (1989) to investigate the effect of the Rotorest™ bed on the 

prevention and treatment of pulmonary complications in patients with 

severe traumatic injuries. Subjects were considered for the study if 

they were adults, expected to be immobilized for at least three days, 

and if at least 50% of the lung fields were normal by chest x-ray. 

Patients were assigned to treatment with the Rotorest™ bed or a conven

tional bed by the use of a blind randomization. Of the 30 subjects 

enrolled, 16 were assigned to the Rotorest™ bed. 

All 30 subjects received the usual intensive care by the staff. 

Subjects in the conventional beds were turned from side to side every 

two hours. The subjects on the Rotorest™ bed were rotated continuously 

except for nursing activities, tests, or therapies. The subjects' 
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participation was for one week. Data collected included temperature, 

presence and appearance of sputum, and various aspects of the subjects' 

respiratory status, including ventilator support. Arterial blood gases 

and chest radiographs were obtained when clinically indicated. Oxygena

tion was assessed by the ratio of the arterial oxygen pressure to 

inspired oxygen fraction (PaC^/FiC^). Pneumonia was diagnosed when 

purulent sputum and any parenchymal opacity on radiographs were present 

and the patient had a temperature greater than 38.5 degrees Celsius. 

The sex, age, and injury severity score were similar in both 

groups. All the participants' injuries were extensive and all subjects 

were mechanically ventilated. Subjects on the Rotorest'" bed started 

rotation on an average of 1.9 days after admission. The average rota

tion time was 12.2 hours per day. The authors found no difference 

between the two groups in the frequency and extent of pulmonary compli

cations, in mortality rates, length of stay in the intensive care unit, 

and length of stay in the hospital. 

The authors examined separately the patients who started the 

study with clear chest radiographs. Nine patients with clear chest 

radiographs were on the Rotorest*" bed and six were on the conventional 

bed. One patient on the Rotorest'" bed developed an abnormal chest film, 

and this was associated with pneumonia; whereas, five of the six sub

jects on the conventional bed developed radiographic opacities, and four 

had pneumonia. In conclusion, the authors stated that the Rotorest™ bed 

did offer some short-term advantage when initiated before pulmonary com

plications had occurred, but that the effect and ultimate outcome were 

uncertain. 
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Gentilello et al. (1988) performed a study similar to the 

Demarest et al. (1989) study. Gentilello et al. examined the effect of 

the rotating bed on the incidence of pulmonary complications in criti

cally ill patients. Sixty-five critically ill patients, immobilized 

because of head injury or traction, were prospectively randomized for 

treatment in a conventional bed or the Rotorest™ bed. The conventional 

bed subjects were assumed to have been turned every two hours. The 

Rotorest™ bed group averaged 13.4 hours of rotation per day. 

The data collected daily included total daily doses of antibiot

ics and muscle relaxants, body temperature, tracheal aspirate for gram 

stain and culture, differential white blood cell count, list of clinical 

diagnoses, route of intubation, ventilator mode (including positive end-

expiratory pressure level and peak inspiratory pressure), visual sputum 

description, diagnostic procedures, chest radiograph interpretations, 

rotation time, and miscellaneous complications of therapies. Daily 

arterial blood gases were not collected. The subjects' demographic data 

and pulmonary risk factors were similar between the two groups, except 

that the subjects in the conventional bed group had a higher prevalence 

of smoking. 

The definition used for bacterial pneumonia was based on the 

five following criteria: (a) the presence of many leukocytes and many 

organisms on gram stain of the tracheal aspirate; (b) moderate to heavy 

growth of one or more organisms on bacterial cultures; (c) appearance of 

new infiltrate on the chest radiograph; (d) a total white blood cell 

count greater than 15,000 or less than 5,000, or greater than 15% imma

ture segmented neutrophils; and (e) temperature greater than 38.5 
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degrees Celsius or minimal core temperature less than 36.5 degrees 

Celsius. The above criteria had to be present for two consecutive days. 

Subjects who met these criteria later than 36 hours after admission were 

classified as demonstrating development of pulmonary complications. The 

diagnosis of atelectasis was based solely on chest radiographs. Adult 

respiratory distress syndrome was defined as hypoxemia (PaC^/FiC^ ratio 

of greater than 200, a shunt fraction greater than 0.20, or PEEP greater 

than 5 cm of 1^0) and poorly compliant lungs (greater than 35 ml/cm of 

H2O), and the presence of bilateral infiltrates on chest radiographs. 

The proportion of subjects with major pulmonary complications, 

either atelectasis or pneumonia, was significantly higher in the control 

group. The incidence of major pulmonary complications was higher in the 

control group than the experimental group among both smokers (67% versus 

25%) and nonsmokers (64% versus 37%). The incidence of adult respira

tory distress syndrome, duration of ventilator treatment, number of days 

during which greater than 5 cm of water of PEEP was required, and mean 

duration of PEEP requirements were lower in the experimental group, 

though not statistically significant. No mention of the length of the 

data collection or the criteria to complete the data collection was 

recorded. 

The authors summarized that, from their data, critically ill 

patients were more susceptible to retention of secretions when treatment 

required immobilization. The constant rotation provided by the 

Rotorest™ bed provided adequate removal of secretions and led to a 

reduction in atelectasis and pneumonia. 
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Clemmer et al. (1990) studied the effectiveness of the Rotorest™ 

bed for preventing and treating pulmonary complications in severely 

head-injured patients. Forty-nine subjects were selected for the study 

by meeting the following criteria: (a) had an acute head injury with a 

Glasgow Coma Score less than 10, but not approaching brain death crite

ria; and (b) were expected to be in the intensive care unit for at least 

10 days or more. After selection, the subjects were randomized into the 

conventional group and the Rotorest™ group. All patients were admitted 

into the study within 24 to 48 hours after admission to the intensive 

care unit. All patients were treated in a 15-degree to 20-degree head 

elevation position due to their injuries. 

Data collection included daily arterial blood gases, inspired 

oxygen fraction, complete blood count, temperature, sputum volume, fre

quency of suctioning, Glasgow Coma Score, chest radiograph, and nursing 

acuity. Chest radiographs were interpreted by dividing the lungs into 

six zones.- Each zone was scored by density of infiltrates from zero to 

three. The arterial/alveolar oxygen tension ratio (Pa02/PAC>2) was cal

culated daily. Sputum was collected and measured in a 40-ml graduated 

sputum trap with each suctioning. Patients remained in the study until 

they were either weaned from the ventilator, transferred from the inten

sive care unit, completed 10 study days, or death occurred. 

Twenty-three subjects were placed on the Rotorest™ bed and 

received an average of 17.1 hours of rotation a day. Twenty-six sub

jects received conventional therapy and were turned manually every two 

to four hours. The average days of study for the Rotorest™ group was 

7.96 ± 2.90 and 7.23 ± 2.90 for the conventional group. The two groups 



were similar in the demographic data. The investigators compared the 

X-ray scores, Pa02/PA02 ratio, temperature, white blood cell count, fre

quency of suctioning, and sputum volume by several approaches: 

(a) total average, (b) first and second day average, (c) last third of 

study averages, and (4) rate of change. There were no significant dif

ferences between the two groups using these methods. The investigators 

also compared length of intensive care and hospital stay and mortality 

and found no difference. The authors concluded that the Rotorest™ bed 

had no benefit to their head-injured population. 

Fink et al. (1990) studied the efficacy of an oscillating bed in 

the prevention of lower respiratory tract infection in critically ill 

victims of blunt trauma. The primary outcome variables were incidence 

of all lower respiratory tract infections (LRTI) and incidence of pneu

monia during the period the subject was being cared for in the intensive 

care unit. Secondary outcome variables were length of stay in the hos

pital and intensive care unit and duration of intubation. 

Lower respiratory tract infection was defined by the presence of 

all of the following within a 24-hour period: (a) fever, (b) purulent 

sputum (greater than 3+ polymorphonuclear leukocytes on the gram stain), 

and (c) positive sputum culture (greater than 2+ growth for one or more 

pulmonary pathogens). Pneumonia was defined using the same criteria as 

for LRTI, with an additional requirement for radiographic evidence of 

pulmonary infiltrates that persisted for at least three days. 

During a nine-month period, all blunt trauma admissions were 

randomized to receive either a conventional bed or the Rotorest™ bed. 

Fifty-one subjects were placed on the Rotorest™ bed and were rotated 40 
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degrees bilaterally for 10 to 16 hours per day. Forty-eight subjects 

were placed on a conventional hospital bed. It was not stated how often 

these subjects were manually turned. Patients remained in the study 

until discharged from the intensive care unit. The demographic data for 

the Rotorest™ and control groups were similar, except that more subjects 

with head injuries were randomized to the conventional bed. When ana

lyzing the data, the authors also subdivided the control and experimen

tal groups into two subgroups, head trauma or no head trauma. 

Lower respiratory tract infections and pneumonia occurred sig

nificantly less often among patients randomized to the Rotorest™ bed, 

25% versus 58% among those on the conventional beds. Lower respiratory 

tract infections occurred less often in the head trauma subjects in the 

Rotorest™ group, 42% versus 77% conventional, but statistical signifi

cance was not achieved. The incidence of pneumonia was significantly 

reduced in the head trauma Rotorest™ group, but the effect of the rotat

ing bed was much less evident in patients without head trauma. Fifty 

percent of subjects with head trauma on the conventional bed developed 

pneumonia, whereas only 13% of the head trauma subjects on the Rotorest™ 

bed developed pneumonia. Subjects without head trauma on the conven

tional bed had only a 30% pneumonia rate, whereas the subjects without 

head trauma on the Rotorest'" bed had an 18% rate of pneumonia. In addi

tion, the length of intensive care and hospital stay and duration of 

intubation were shorter for subjects in the Rotorest'" group. The 

authors summarized that continuous postural oscillation decreased the 

incidence of LRTI and pneumonia, and shortened the hospital stay for 

victims of nonpenetrating trauma. 
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A recent report (Choi & Nelson, 1992) presented the results of a 

meta-analysis which tested the statistical significance of differences 

between two treatment groups, Rotorest'" beds and conventional hospital 

beds, by combining six independent studies. The authors used studies 

that were based on a clinical trial of critically ill adult patients 

randomized to Rotorest'" beds and conventional hospital beds. 

The studies that were included were those known to the investi

gators and nonrandomized studies were excluded. The patient diagnostic 

groups from the six studies included spinal injury, blunt trauma, multi

system trauma, acute stroke, sepsis, and pneumonia. The meta-analysis 

was applied to combine the results based on criteria that were examined 

in at least two studies. The criteria tested were as follows: inci

dence of pneumonia, incidence of adult respiratory distress syndrome, 

incidence of emboli, decubitus ulcer formation, atelectasis, mortality, 

length of intensive care unit stay, total number of hospital days, and 

intensive care unit charges. The other studies' sample sizes ranged 

from 30 to 100 subjects. The combination of the different samples 

yielded a sample size of 419. 

The researchers explained that the meta-analysis was the method 

of combining study results that can be used to draw general conclusions 

about the effect of the therapy. The method used consisted of combining 

probability values from the independent studies. The following four 

different tests in the analysis were used in this report: the inverse 

chi-square method, the inverse normal method, the weighted inverse 

normal method with square root of the sample size as weight, and the 

logic method. The four methods determined the overall statistical 
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significance by quantitatively analyzing the skewness of probability 

values. 

Though using all four methods gave small combined probability 

values, the smallest combined probability values were yielded by the 

weighted inverse normal method. The methods indicated that the inci

dence of pneumonia, atelectasis, number of hours intubated, and length 

of intensive care unit stay were significantly reduced by the Rotorest'" 

beds. The effect of the Rotorest,n bed on the other six outcome criteria 

was not significant. 

As of this date, only one study has been presented on the oscil

lating bed called the Biodyne"\ DeBoisblance et al. (1992) examined the 

efficacy of an air-support, continuous oscillation therapy bed on reduc

ing the incidence of nosocomial pneumonia in the general medical inten

sive care unit patient. Nosocomial pneumonia was defined as: (a) new 

radiographic infiltrate, (b) fever, and (c) purulent sputum. One hun

dred twenty-four new admissions into a general medical intensive care 

unit were placed into three diagnosis-related groups (DRGs): sepsis, 

respiratory failure not associated with sepsis, and other (stroke, drug 

overdose, and metabolic coma). Within each DRG the subjects were ran

domized to a standard hospital bed and turned every two hours or to con

tinuous turning on an automated oscillating air-flotation bed, the 

Biodyne™ bed. 

On admission, assessments of the severity of illness were 

obtained using APACHE (Acute Physiologic and Chronic Health Evaluation) 

and TISS-1983 (Therapeutic Intervention Scoring System). Other daily 

parameters collected were: Pa©2, Fi02, weight, intake and output, 
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temperature, sputum character and presence of skin ulcers, and chest 

X-rays. Outcome variables included length of stay in the intensive care 

unit and the hospital, mortality, total ventilator days, and the inci

dence of nosocomial pneumonia. The subjects had to be enrolled in the 

study for at least five days to complete the study criteria. The mean 

rotation time of the subjects on the Biodyne™ bed and the mean number of 

hours turned for the subjects on the standard hospital bed were not 

reported. 

The authors used a covariate analysis, with the enrollment 

APACHE score as the covariate. The APACHE scores for each DRG's 

Biodyne™ and standard groups were similar; however, no central tendency 

measures were reported. In all the outcome variables, the three 

Biodyne™ groups had shorter lengths of time in the intensive care unit 

and the hospital (except for the "sepsis" Biodyne'" group, which had a 

mean of 20 days in the hospital compared to 17 days for the standard 

group), less total days on the ventilator, and lower incidence of noso

comial pneumonia. However, the mortality rate was higher for all three 

Biodyne™ groups. It was concluded that the air-support automated 

turning bed reduces the incidence of nosocomial pneumonia in selected 

DRGs during the first five days in the intensive care unit. Yet, this 

treatment did not reduce overall mortality. 
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CHAPTER 3 

METHODOLOGY 

The purpose of this investigation was to determine the effects 

of oscillating therapy versus periodic turning on mobilization of bron

chopulmonary secretions in mechanically ventilated patients. This chap

ter presents the research design of the parent study and the secondary 

analysis study, description of the special beds, data collection proto

col, measurements, and method of data analysis. 

Research Design 

Parent Study 

The parent or primary study, "Efficacy of Biodyne™ Oscillating 

Bed Therapy in Acutely 111 Patients" (Traver et al., 1992), examined the 

effects of oscillation therapy, the Biodyne"1 bed, on a variety of out

comes. The major outcome variables of this experimental study included 

survival, length of intensive care unit stay, length of hospital stay, 

and the incidence of pulmonary complications. 

The parent research study was carried out at two medical cen

ters, one in the southwestern and one in the northwestern region of the 

United States. All admissions to the medical/surgical intensive care 

units were reviewed for study entry within the first 24 hours after 

being admitted to the intensive care unit (ICU). The following exclu

sion criteria were applied: 

1. Less than 18 years of age. 

2. Weight/height ratio greater than 4.3 kg/cm. 
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3. Primary admitting diagnosis that would not allow a longer stay 

in the ICU or was a rare occurrence, e.g., burns, myocardial 

infarction, etc. 

4. Admission for elective thoracic or cardiac surgery. 

5. Requirement for skeletal or cervical traction. 

6." Not screened for study admission within the first 24 hours of 

ICU admission. 

7. Physician's order to have the head of the bed elevated greater 

than 30 degrees (Biodyne™ bed will not oscillate if the head of 

the bed is greater than 30 degrees). 

8. Specific order for another oscillating bed. 

9. Previously enrolled in the study (second ICU admission during 

the study course). 

Those subjects who were not excluded by the above criteria were 

then randomized by using a random numbers table. The random numbers 

determined the subject's bed assignment, Biodyne™ or standard bed. Bed-

assignment cards were made up in advance and then sealed in envelopes. 

As subjects were enrolled in the study, the envelopes were pulled in 

numerical order and then opened to determine bed placement. The sub

jects placed on a standard hospital bed received periodic turning at 

least every two hours. The subjects placed on the Biodyne™ bed received 

continuous oscillation; the rotation protocol for the bed was five min

utes on the left side, ten minutes supine, and five minutes on the right 

side. Subjects were removed from the parent study: (a) if the subject 

requested to be off the Biodyne™ bed, (b) if another special bed was 
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ordered by the physician, (c) if the subject was transferred from the 

ICU, (d) if the subject was out of bed greater than 12 hours times two 

days, or (e) if the subject expired. 

Baseline data were collected at the time the subject was 

enrolled in the study. Following enrollment and collection of baseline 

data, subject data were collected daily, by chart abstract, for seven 

days. The subjects' 24-hour day began at 0600. Day one included the 

enrollment data and had to be at least 13 hours in length, but not more 

than 36 hours. After the first seven days, data were collected three 

times a week times five weeks or until the subject's participation in 

the study was terminated, whichever occurred first. 

Secondary Analysis Study 

A secondary analysis of data was used to study the effects of 

continuous oscillation versus periodic manual turning on airway clear

ance in the mechanically ventilated patient. Airway clearance was 

evaluated over a four-day period by the following measures: (a) fre

quency of suctioning, (b) description of secretions, (c) a/AP02 ratio, 

and (d) respiratory compliance measures. 

A portion of the sample was obtained from the parent study. 

This subset was selected from the southwestern region population and 

included subjects on the Biodyne™ bed and on the standard hospital bed. 

The subset was selected from the parent study by applying the following 

criteria: (a) the subject was mechanically ventilated at the time of 

the random assignment, and (b) the subject remained mechanically venti

lated for at least three consecutive days. Baseline data and ongoing 
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data for day one through day three were obtained from the data files of 

the parent study. 

An additional group evaluated in the secondary analysis study 

consisted of subjects placed on another oscillating bed, the Rotorest™ 

bed. This part of the secondary analysis was of a descriptive design. 

Although not part of the parent study, those subjects who were on the 

Rotorest™ beds were identified while collecting data for the parent 

study. Except for the time of randomization and the exclusion criteria 

of skeletal traction, all subjects in the Rotorest™ group met the other 

exclusion and inclusion criteria of the parent study. 

Due to the fact that there was no control on when subjects were 

placed on the Rotorest™ bed, the time sequence for collection of the 

baseline and ongoing data differed from that of the parent study. All 

data were obtained by retrospective chart review using the same ICU 

flowsheets as the parent study. Baseline data were collected for the 

time period approximately 24 hours prior to placement on the Rotorest™ 

bed; baseline data were not restricted to the first 24 hours in the ICU. 

Furthermore, subjects in the Rotorest™ group could have been 

initially randomized to either a standard or the Biodyne™ bed and then 

changed to the Rotorest™ bed for varying reasons. In the parent study, 

these subjects no longer met the criteria for the parent study and, 

therefore, were removed. In the secondary analysis, it was possible for 

the subject to meet the criteria of four days of mechanical ventilation 

in the parent study and also four days of mechanical ventilation in the 

Rotorest™ group. In such circumstances they could become members of 

both study groups. It is recognized that the Rotorest™ group has 
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limitations due to the lack of control of this group; however, it is of 

interest to compare the two oscillating bed groups. 

Description of Special Beds 

To facilitate the turning of critically ill patients, several 

types of oscillating beds are available. Two of these special beds have 

been developed by Kinetic Concepts, Inc. — the Rotorest™ and the 

Biodyne"1. These beds have been designed to provide continuous oscilla

tion to acutely ill patients to reduce complications resulting from 

immobility. 

The Rotorest™ bed was initially developed and introduced to the 

medical community in the early 1970s and has been used safely in many 

intensive care units to treat spinal cord injuries, multiple trauma, and 

some medical intensive care patients. The Rotorest™ bed is a vinyl-

padded (other material, such as Gortex'", is also being used) platform 

that turns a patient equally from side to side over a range of 124 

degrees in a longitudinal plane every three and a half minutes. 

Figure 1 provides a schematic drawing of the Rotorest"1 bed. 

The Biodyne™ bed was designed and introduced in the late 1980s. 

Kinetic Concepts, Inc., indicated that the Biodyne™ bed was designed to 

be more "patient friendly" when compared to the Rotorest™ bed. Due to 

the recent development of this new bed, there are limited research data 

available. The Biodyne™ bed has an air-support surface which oscillates 

by continuously inflating and deflating approximately 23 body-contoured 

cushions. The timing and amount of inflation and deflation can be 

programmed to effectively turn the patient at specified intervals. A 



Figure 1. Schematic Drawing of the Rotorest™ Bed. 
mission from Kinetic Concepts, Inc. 

Reprinted with per-
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patient can be turned approximately 40 degrees to each side. Figure 2 

provides a line drawing of the Biodyne*" bed. 

Protection of Human Subjects 

Human subjects approval for the parent study, "Efficacy of 

Biodyne™ Oscillating Bed Therapy in Acutely 111 Patients" (Traver et 

al., 1992), was obtained from the University of Arizona Human Subjects 

Committee (Appendix A). Due to the fact that standard therapies were 

involved with the parent study, individual consent forms were not 

required. Approval was also obtained from the University of- Arizona 

Human Subjects Committee for retrospective review of charts of selected 

subjects comprising the Rotorest'" group — the present study 

(Appendix A). 

Data Collection 

A revised data collection form (Appendix B) was developed from 

the parent study data collection tool. The revised form included perti

nent items from the original baseline and ongoing data forms 

(Appendix B). 

Baseline Data 

The baseline data included basic demographic data such as sex, 

age, diagnosis, chronic illness history, smoking history, intensive care 

admit date, and date placed on the special bed. Additional demographic 

data included the total APACHE II score and the Injury Severity Score 

(ISS) for trauma patients. 



Figure 2. Biodyne™ Bed. Reprinted with permission from Kinetic 
Concepts, Inc. 



The APACHE II score is a classification system used to determine 

severity of illness based on physiological measurements, age, and prior 

health status. The scores range from zero to 71, with the higher scores 

indicating more severe illness and poorer prognosis. By definition, the 

components of the APACHE II are abnormal values in the first 24 hours in 

the ICU (Knaus, Draper, Wagner, & Zimmerman, 1985). For the present 

study, the collection of the APACHE II score varied between sample 

groups. The Rotorest'" group APACHE II scores were obtained at the time 

of placement on the special bed. The Biodyne'" and standard bed groups' 

APACHE II scores were collected at the time of admission to the ICU. 

The Injury Severity Score (ISS) is another classification system 

used exclusively for trauma patients. The ISS examined trauma patients 

admitted to the hospital and provided a score based on the extent of 

injury to different body areas. The higher the ISS score, the more 

life-threatening the injuries to the patient. 

Ongoing Data 

The ongoing data included information about the frequency of 

turning, the frequency of suctioning, sputum appearance, and the data to 

calculate the a/APC>2 ratio and the pulmonary compliance measures. 

Except for frequency of turning, these data were also collected as part 

of the baseline data form. 

The frequency of turning was monitored with the Biodyne™ bed and 

standard group only. The Biodyne™ beds were equipped with a timer on 

each bed to determine hours that the subject was rotating on the bed. 

This information was collected daily at approximately 0600 to 0800. 
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Frequency of turning for the standard group was noted as times turned 

per 24 hours and obtained from the ICU flowsheet. The ICU flowsheet was 

the documentation form used to chart the patient's vital signs, ventila

tor readings, hemodynamics, intake and output, current laboratory 

values, nursing assessments, and patient activity. Data on frequency of 

turning were not available for the Rotorest™ group; the data were col

lected retrospectively and the Rotorest™ beds were not equipped with 

timers. 

Frequency of suctioning was obtained from two sources. First, 

the ICU flowsheet provided the number of times in 24 hours a subject was 

suctioned endotracheally. Secondly, the nurses documented an estimated 

volume of sputum with each suctioning over a 24-hour period. This sub

jective measurement was rated on a four-point scale (0 - no sputum, 1 -

scant amount of sputum, 2 = moderate amount of sputum, 3 = large amount 

of sputum). The appearance of the sputum was also documented on the ICU 

flowsheet. For data collection, appearance was rated on a four-point 

scale (1 = clear, mucoid; 2 = light yellow; 3 = purulent; 4 •= bloody). 

The data required to measure each subject's a/APC^ ratio were 

obtained from the ICU flowsheet. The data included arterial blood gases 

and the inspired oxygen concentration. The a/APC>2 ratio was calculated 

by computer analysis (see Figure 3). The normal a/APC>2 ratio is > 0.80 

(Gilbert & Keighley, 1974). 

Respiratory system compliance measures were compiled by using 

data collected at 0600 and from the respiratory graphics recorded by 

respiratory therapists. The data included tidal volume, peak inspira

tory pressure, pause pressure, and level of peak end-expiratory pressure 
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Pa02 - arterial oxygen tension level (mm Hg) 
arterial blood gas analysis 

obtained from 

PCO2 = arterial carbon dioxide tension level 
from arterial blood gas analysis 

(mm Hg) obtained 

PAO2 = alveolar oxygen tension level (mm Hg) 

= (barometric pressure - 47 mm Hg)Fi02 (PaC02/0.8) 

a/AP02 = Pa02/PA02 

Figure 3. Calculations To Determine the a/AP02 Ratio. 

(PEEP). The tidal volume, peak inspiratory pressure, and the level of 

PEEP were taken from the ventilator readings. The pause pressure was 

obtained either from the inspiratory hold on the ventilator or by manual 

expiratory occlusion. 

Dynamic compliance is a measure of the maximum airway pressure 

required to deliver a given tidal volume to a ventilated patient and 

reflects the resistance to gas flow in the airways and the ventilator, 

as well as the compliance characteristics of the lungs and the chest 

wall. Static compliance is a measure of the airway pressure required to 

hold the lungs and chest wall at end-inspiration after a tidal volume 

has been delivered and gas flow is not present. Static compliance is 

normally higher, as it does not include the pressure necessary to over

come resistance. The calculations used to determine the dynamic and 

static compliances were performed by computer analysis (Figure 4). The 
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, . . i .• . . . . tidal volume Dynamic compliance — 
peak inspiratory pressure - PEEP 

tidal volume = volume of gas expired or inspired 
with each breath (ml) 

peak inspiratory pressure - maximum airway pressure required 
to deliver a given tidal volume 
to a ventilated patient (cm H2O) 

PEEP = positive end-expiratory pressure 
(cm H2O) 

Static compliance tidal volume 
plateau pressure - PEEP 

plateau pressure = measure of airway pressure 
required to hold the lungs and 
chest wall at end-inspiration 
after a tidal volume has been 
delivered and gas flow is not 
present (cm H2O) 

Figure 4. Calculations To Determine Dynamic and Static System 
Compliances. 
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compliance is expressed as milliliters of volume per centimeters of 

water pressure change (ml/cm H2O). The normal value for dynamic compli

ance is 35 to 55 ml/cm H2O and for static compliance is 65 to 75 ml/cm 

H20 (Bone, 1976). 

Murray, Matthay, Luce, and Flick (1988) developed a scoring 

system for determining the extent of lung injury in patients. The scor

ing criteria involve several components, including respiratory system 

compliance. The lower the respiratory system compliance (i.e., < 19 

ml/cm H2O), the higher the score (i.e., 1-4). The higher the total 

score, the more severe the lung injury. 

The difference between static and dynamic compliances can assist 

in determining if a mechanically ventilated patient has increased airway 

resistance from such factors as airway secretions, bronchospasm, or agi

tation; the higher the resistance, the greater the differences between 

static and dynamic compliances. The accepted normal difference between 

static and dynamic compliances is approximately 20% of the total system 

compliance (Fallat & McQuitty, 1982). 

Analysis of Data 

The baseline characteristics of all three groups — Biodyne"1, 

standard, and Rotorest™ — were described using central tendency mea

sures and measures of dispersion. The baseline characteristics of the 

Biodyne™ and standard groups were compared using t-test and chi-square 

analysis to assure that there were no significant differences between 

the two groups at the time of randomization. 
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To analyze differences between the two treatments (Biodyne™ and 

standard) over time, multiple t-tests for differences between means were 

performed to determine if there were any significant differences between 

the two groups for day one, two, or three. Variables tested included 

frequency of suctioning, sputum appearance, and difference between 

static and dynamic compliances. The level of significance was set at 

p < 0.01 to avoid a Type I error. The daily data were presented in 

graphic form to assist in identifying trends over time. 

The changes in airway clearance over time in the Rotorest™ group 

were described using central tendency measures and measures of disper

sion. The daily mean data were presented in graphic form for selected 

variables: frequency of suctioning, sputum appearance, and difference 

in static and dynamic compliances. 

To determine if there was a relationship between frequency of 

suctioning and the difference between static and dynamic compliances, a 

correlation coefficient was calculated. A separate correlation coeffi

cient was determined for each day; each included all subjects (one set 

was done for the Biodyne'" and standard groups, and one set for the 

Rotorest™ group) who had both compliance measures and suction frequency 

measures available. Correlation coefficients were also obtained to 

ascertain if there was a relationship between the frequency of suction

ing and the a/AP02 ratio. Again, separate analyses were done for each 

day, and one set of analysis was performed for the Biodyne™ and standard 

groups and one for the Rotorest™ group. 



58 

CHAPTER 4 

PRESENTATION AND ANALYSIS OF DATA 

This chapter presents the characteristics of the sample, find

ings, and statistical analysis. The data from the parent study, which 

compared the effects of the Biodyne™ and standard beds, are discussed 

separately from the data describing airway clearance when subjects were 

placed on the Rotorest™ bed. 

Characteristics of the Sample 

Biodvne™ and Standard Groups 

Of the 48 subjects enrolled in the parent study, 18 met the cri

teria for this secondary analysis. Eight of the 18 were in the Biodyne™ 

group and 10 in the standard group. 

Demographics data (age, sex, pre-existing history of chronic 

illness, smoking history, primary admitting diagnosis, APACHE II score, 

and ISS) demonstrated that the two groups, Biodyne™ and standard, were 

similar at the time of study enrollment. The data were compared using 

the t-test for independent samples for continuous variables and Fisher's 

exact test for categorical variables. No statistically significant dif

ferences were found between the two groups with a p < 0.05. 

The Biodyne™ group had a slightly higher proportion of males, 

five of eight or 63%; the standard bed group had five males or 50%. The 

Biodyne™ group was younger, with a mean age of 45 years, while the stan

dard group had a mean age of 56. The age range for both groups was 18 

to 77 years. Every subject in the Biodyne™ group had a pre-existing 
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history of chronic illness. Of this group, 75% had a history of cardio

vascular and/or pulmonary chronic illness. In the standard group, in 

those where a history was available, nine subjects had a known history 

of chronic illness; 66% of this number had a history of cardiovascular 

and/or pulmonary illness. One subject in the standard group had an 

unknown history of chronic illness (Table 1). 

Smoking histories were available for six of the eight subjects 

in the Biodyne™ group and eight of the ten for the standard group. Of 

those subjects in the Biodyne"1 group, there were three nonsmokers and 

three present smokers; only two of the three present smokers had a known 

pack/year history, which ranged from 20 to 100 packs/year. The standard 

group had three nonsmokers, four present smokers, and one ex-smoker. 

The ex-smoker and one present smoker had unknown pack/year histories; 

the three smokers remaining had a mean pack/year history of 96, with a 

Table 1. Gender, Age, and Prevalence of Pre-Existing Chronic 
Illness for Biodyne™ and Standard Groups. 

Standard Biodyne™ 
Characteristics (n - 10) (n - 8) 

Gender (% male) 50 62.5 

Mean age (years) 56 45 
(SD - 18.7)* (SD - 20.2) 

Pre-existing chronic illness 
(number of subjects): 

Pulmonary 3 4 
Cardiovascular 3 2 
Other 3 2 
Unknown 1 0 

*SD - standard deviation. 
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range from 80 to 130. There were no significant differences between the 

two groups for gender distribution, age, pre-existing chronic illness, 

or smoking history. 

The primary diagnoses necessitating admission to the intensive 

care unit were coded as medical, trauma with surgery, trauma without 

surgery, elective surgery, neurosurgery, and other. For both the 

Biodyne™ and standard groups, the majority of the subjects were admitted 

for a medical problem, 63% in the Biodyne™ group and 70% in the standard 

group. Of all the subjects in the Biodyne™ group, three underwent an 

operative procedure prior to placement on the special bed. Likewise, of 

all the subjects in the standard group, three underwent an operative 

procedure within the first 24 hours after admission to the intensive 

care unit. The APACHE II scores which were obtained from data from the 

first 24 hours in the intensive care unit were similar for both groups. 

The mean for the Biodyne*" group was 25, the standard deviation was 8.2, 

and the median was 16. The mean for the standard group was 22, the 

standard deviation was 4.6, and the median was 13 (Table 2). Only one 

subject in each group was admitted for trauma; the ISS for the Biodyne™ 

group subject was 20 and the ISS for the standard group subject was 24. 

There were no significant differences between the two groups for primary 

diagnoses, operative procedures, APACHE II scores, and injury severity 

scores. 

Airway clearance at the time of ICU admission was assessed by 

the a/AP02 ratio, the difference between static and dynamic compliances, 

the amount of secretions, and the sputum appearance. The mean baseline 

a/AP02 ratio for the subjects placed on the Bidoyne"1 bed was 0.36, with 
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Table 2. Admitting Diagnosis Category, Operative Procedure, 
and APACHE II for the Biodyne™ and Standard Groups. 

Standard Biodyne™ 
Characteristics (n = 10) (n - 8) 

Admitting diagnosis category 
(number of subjects): 

Medical 7 5 
Trauma with surgery 1 0 
Trauma without surgery 0 1 
Elective surgery 1 1 
Neurosurgery 1 0 
Other 0 1 

Operative procedure (, number 
of subjects: 3 3 

Mean APACHE II scores 22 24 
(SD = 4.6)* (SD = 8.2) 

*SD = standard deviation. 

a standard deviation of 0.28; the mean for the standard group was 0.35, 

with a standard deviation of 0.28. Both values were well below the 

normal value of > 0.80 (Gilbert & Reighley, 1974). 

The mean dynamic compliance for the Biodyne'" group was 25 ml/cm 

H2O and was 23 ml/cm H2O for the standard group. These values were 

below the normal of 35 to 55 ml/cm H2O (Bone, 1976). Static compliance 

was available in only four of the Biodyne™ subjects and four of the 

standard subjects; plateau pressures, which were needed to calculate 

system compliance, were not routinely documented at the time of admis

sion. The mean static compliance for the four Biodyne"1 group subjects 

was 41 ml/cm H2O and the mean static compliance for the four standard 

group subjects was 34 ml/cm H2O. The normal values for static 
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compliance range from 65 to 75 ml/cm 1^0 (Bone, 1976). Both groups had 

much lower values, indicating some lung stiffness and disease in the 

subjects at the time of admission. 

The difference between the static and dynamic compliances was 

available on only eight subjects at baseline. The mean difference for 

the Biodyne™ subjects was 17.4 ml/cm H2O, with a standard deviation of 

12.0 ml/cm H2O; the standard subjects had a mean difference of 9.68 

ml/cm H2O, with a standard deviation of 6.8 ml/cm 1^0. The normal value 

for the difference between the static and dynamic compliances is approx

imately 20% of the total system compliance (Fallat & McQuitty, 1982). 

The Biodyne,n subjects' mean difference was approximately 41% of the 

total respiratory compliance and the standard subjects' mean difference 

was 60% of the respiratory compliance. The values obtained for both 

groups indicated a greater difference between compliances than the 

normal value of 20%. Though the standard group had a greater difference 

(60%), there was still no statistically significant difference between 

the two groups (Table 3). 

The volume of secretions at the time of entry into the study was 

described as "none," "scant," "moderate," or "large." The Biodyne™ 

group had four subjects ranked at the none to scant amount of secretions 

and four with moderate to large amounts of secretions. The standard 

group had four subjects classified in the none to scant range and six in 

the moderate to large category for volume of secretions retrieved. For 

those subjects with sputum volume in the scant to large categories, 

sputum appearance was classified as "clear," "light yellow," "purulent," 

or "bloody." The Biodyne™ group had one subject with clear sputum, 
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Table 3. The a/APC^ Ratio, the Dynamic and Static Compliances, 
and the Difference Between Compliances for the 
Biodyne™ and Standard Groups. 

Variables Standard Biodyne™ 

(n - 10) (n - 8) 

Mean a/APC^ ratio 0.35 
(SD = 0.28)* 

0.36 
(SD = 0.28) 

Mean dynamic compliance (ml/cm t^O) 23 
(SD - 4.6) 

25 
(SD - 8.6) 

(n - 4) (n - 4) 

Mean static compliance (ml/cm 1^0) 34 
(SD = 9.5) 

41 
(SD = 12.8) 

Mean difference between compliances 
(ml/cm H2O) 9.68 

(SD = 6.8) 
17.4 

(SD = 12.0) 

% of Total compliance 28 41 

*SD = standard deviation. 

three with light yellow sputum, and two with bloody sputum. The stan

dard group had one subject with clear secretions, four with light yellow 

sputum, two with purulent secretions, and two with bloody secretions 

(Table 4). There were no significant differences between the two groups 

for any of the airway clearance variables (a/APC^ ratio, amount and 

appearance of sputum, and the differences between respiratory compli

ances) at time of entry into the study. 
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Table 4. Amount of Sputum and Sputum Appearance Categories 
for the Biodyne™ and Standard Groups. 

Standard Biodyne™ 
Variables (n - 10) (n - 8) 

Amount of secretions categories 
(number of subjects): 

None 1 2 
Scant 3 2 
Moderate 1 4 
Large 5 0 

Sputum appearance categories 
(number of subjects): 

Clear 1 1 
Light yellow 4 3 
Purulent 2 0 
Bloody 2 2 

Rotorest" 

The Rotorest™ group data at baseline are described; no statisti

cal analyses were performed to compare this group with the Bidoyne™ or 

standard groups. Seven subjects who had been placed on the Rotorest™ 

bed were identified during data collection for the parent study. Of the 

seven subjects, two had been previously enrolled in the parent study 

(standard group), but were removed from the sample when the Rotorest™ 

bed was ordered for their treatment. The mean age of the subjects was 

33 years, with a standard deviation of 9.7 years. Seventy percent or 

five subjects were female. Only two subjects had a history of pre

existing chronic illness, one had a history of cardiovascular illness, 

and one had a history of renal illness. Of the seven subjects, smoking 

histories were available for six. Four were present smokers; three of 
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the present smokers had known pack/year histories, with a range of 30 to 

60 packs/year. There was one nonsmoker and one ex-smoker in the group. 

The ex-smoker's pack/year history was unknown. 

The admitting diagnosis categories were the same as those used 

for the Biodyne™ and standard groups. The primary admitting diagnosis 

category for the Rotorest"1 group was trauma, with and without surgery 

(57%). Five of the seven subjects underwent an operative procedure 

within the first 24 hours of admission. The APACHE II scores were 

derived at the time the subjects were placed on the Rotorest*" bed. The 

mean APACHE II score was 22, the standard deviation was 3.2, and the 

median was 24. The ISS for the five trauma subjects was obtained from 

the initial data at the time of admission; the mean ISS was 52, the 

standard deviation was 44.7, and the mean was 45 (Table 5). 

The variables that assessed airway clearance for the Rotorest™ 

group were the same as for the Biodyne'" and standard groups. The mean 

a/AP02 ratio was 0.30, with a standard deviation of 0.27. The mean 

dynamic compliance was 17.7 ml/cm ̂ 0, with a standard deviation of 13.6 

ml/cm H2O. The mean static compliance (all seven of the subjects had a 

plateau pressure upon admission into the study) was 27.8 ml/cm H2O, with 

a standard deviation of 17.5 ml/cm H2O. According to the lung injury 

score developed by Murray et al. (1988), the group's mean compliance 

measure would score high (between 3 and 4), indicating that the subjects 

had marked reduction in lung compliance and severe lung injury. The 

mean difference between static and dynamic compliances was 9.9 ml/cm 

H2O, the standard deviation was 13.5 ml/cm H2O, and the median was 



Table 5. List of the Rotorest'" Characteristics. 

Gender (% female) 70 

Mean age (years) 33 (SD = 9.7)* 

Pre-existing illness (number of subjects): 
Pulmonary 
Cardiovascular 
Other 
Unknown 

0 
1 
1 
0 

Admitting diagnosis (number of subjects): 
Medical 
Trauma with surgery 
Trauma without surgery 
Elective surgery 
Neurosurgery 
Other 

3 
1 
4 
0 
0 
0 

Operative procedure (number of subjects) 5 

Mean APACHE II score 22 (SD - 3.2) 

Mean ISS 52 (SD = 44.7) 

*SD = standard deviation. 

6 ml/cm H2O. The Rotorest*" group's difference was approximately 35% o 

the total respiratory compliance. 

The categories for the amount of sputum were the same as those 

used for the Biodyne™ and standard groups. Five of the subjects had 

none to scant amounts of sputum 24 hours prior to placement on the 

Rotorest™ bed and two subjects had moderate to large amounts of sputum 

Again, the categories for sputum appearance were the same for the 

Rotorest"1 group as for the other two groups. There were two subjects 

who had clear sputum, two who had light yellow sputum, one who had 
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purulent sputum, and two who had bloody sputum at the time of placement 

on the Rotorest™ bed (Table 6). 

Statistical Analysis of the Biodvne"1. 
Standard, and Rotorest'" Data 

Frequency of Suctioning 

Primary research question one asked if the amount of secretions 

or frequency of suctioning was increased for subjects on the continuous 

oscillating bed, the Biodyne™, compared to those subjects on the stan

dard bed. To answer this question, the mean suctioning frequency was 

calculated for each group at day one, day two, and day three; no base

line data were available for the standard and Biodyne"1 groups. For the 

differences between the two groups, Biodyne™ and standard, t-tests were 

done for each of the three days. There were no significant differences 

between the two groups for any day. Because of the small data set, a 

preliminary evaluation of the trend in frequency of suctioning over time 

was done by plotting the daily means and standard deviations for each 

group for the three days of the study (Figure 5). The daily mean fre

quency of suctioning ranged from 7.2 to 10.3 episodes of suctioning in 

24 hours or every 2.3 to 3.3 hours. Due to the absence of consistent 

variation between the two treatment groups and large standard devia

tions, no further analysis was performed. It was concluded that there 

was no difference in frequency of suctioning for the two groups. 

Another variable that was used to assess airway clearance was 

the volume of secretions over a 24-hour period. A preliminary statisti

cal analysis was done using chi-square for the differences between the 
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Table 6. List of the Rotorest™ Group's Airway Clearance Variables. 

Mean a/APC>2 ratio 0.30 Mean a/APC>2 ratio 
(SD - 0. 27)* 

Mean dynamic compliance (ml/cm 1^0) 17.7 Mean dynamic compliance (ml/cm 1^0) 
(SD = 13 :e) 

Mean static compliance (ml/cm 1^0) 27.8 Mean static compliance (ml/cm 1^0) 
(SD - 17 • 5) 

Mean difference between compliances (ml/cm H2O) 9.9 Mean difference between compliances (ml/cm H2O) 
(SD - 13 .5) 

% Total compliances 35 

Amount of secretions categories (number of subjects): 
None 0 
Scant 5 
Moderate 2 
Large 0 

Sputum appearance categories (number of subjects): 
Clear 2 
Light yellow 2 
Purulent 1 
Bloody 2 

*SD - standard deviation. 
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Figure 5. Mean Frequency of Suctioning on Study Days One Through Three 
for the Biodyne™ and Standard Groups. 



two groups, Biodyne™ and standard, for the four study days, including 

the baseline study day. No statistically significant difference was 

found between the two groups. The number of subjects in each sputum 

category from both groups was plotted on four different graphs, one 

graph for each study day (Figure 6). At baseline the standard group had 

one subject with no sputum, three with a scant amount of sputum, one 

with a moderate amount of sputum, and five with a large amount of 

sputum. The Biodyne™ group had two subjects with no sputum, two with a 

scant amount of sputum, and four with a moderate amount of sputum. At 

study day three, the standard group had two with a scant amount of 

secretions, six with a moderate amount of secretions, and two with a 

large amount of secretions. The Biodyne1" group had three subjects with 

a scant amount of sputum, two with a moderate amount, and three with a 

large amount of sputum. The number of subjects in each sputum volume 

category varied throughout the study days for both groups, indicating no 

specific variation or direction for amount of sputum retrieved by suc

tioning. Due to the lack of consistent trend or directional change, no 

further analysis was performed and it was concluded that there was no 

difference in the volume of secretions between the two groups. 

Secondary research question one asked if mechanically ventilated 

subjects, after three days on the Rotorest™ bed, required more frequent 

suctioning as compared to the first day of continuous oscillation. To 

answer this question, means and standard deviations were calculated for 

each study day: baseline, day one, day two, and day three. Due to the 

small data set, a preliminary evaluation of the trend of frequency of 

suctioning over time was done by plotting the daily means and standard 
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Figure 6. Number of Subjects in Each Sputum Category for the Study Days 
Baseline Through Three for the Biodyne™ and Standard Groups. 
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deviations for the four days (Figure 7). The daily mean suctioning 

ranged from 7.8 to 9.5 episodes over a 24-hour period or every 3.3 to 

3.9 hours. The Rotorest™ group appeared to show a slight increase in 

number of times suctioned over time. To compare baseline to day three, 

day one to day three, and day two to day three, t-tests were done. No 

statistically significant differences were found between the different 

days. It was concluded that after three days of continuous oscillation 

the subjects did not require more suctioning. 

Another variable that was examined to answer secondary research 

question one was the volume of secretions over a 24-hour period for each 

study. A preliminary analysis was done by plotting the number of sub

jects for each sputum category on four separate graphs, one for -each 

study day, and inspecting the graphs for a definite directional change 

(Figure 8). At baseline, five subjects had a scant amount of sputum and 

two had a moderate amount of sputum. By the third day, four subjects 

had a scant amount of sputum, two had a moderate amount of sputum, and 

one had a large amount. The volume of sputum did not show any increase 

after three days on the Rotorest™ bed. Due to the small sample set of 

seven and a lack of a definite trend noted on the graphs, no further 

analysis was done. It was concluded that, after three days on the 

Rotorest™ bed, the subjects' volume of secretions did not increase. 

Sputum Appearance 

Primary research question two dealt with whether there was a 

lower prevalence of purulent sputum in subjects who received continuous 

oscillation, the Biodyne™ bed, compared to those subjects who received 
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Figure 7. Means and Standard Deviations for Frequency of Suctioning on 
All Study Days for the Rotorest™ Group. 
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Study Days for the Rotorest™ Group. 
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periodic turning. Sputum appearance was defined by one of the following 

categories: clear, light yellow, purulent, and bloody. Chi-squares for 

the differences between the two groups, Biodyne™ and standard, were done 

for each study day for each category. There were no statistically sig

nificant differences between the two groups on any study day. 

Because of the small data set, a preliminary evaluation to 

assess the trend of sputum appearance was done by plotting the number of 

subjects in each sputum appearance category on four graphs, one graph 

for each study day (Figure 9). At baseline, of those subjects who had 

sputum, the standard group had one subject with clear sputum, four with 

light yellow sputum, two with purulent sputum, and two with bloody 

sputum. The Biodyne*" group had one subject with clear sputum, three 

with light yellow, one subject with purulent, and two with bloody 

sputum. By day three, the standard group had three with clear sputum, 

three with light yellow sputum, and one with purulent sputum. Though 

there were fewer subjects with purulent sputum on day three for both 

groups, the sputum appearance did not change significantly from baseline 

for either group. To further assess for differences between the 

Biodyne'" and standard groups, the four sputum appearance categories were 

combined into two, "clear-light yellow" and "purulent-bloody." A chi-

squares analysis was done and no statistically significant differences 

were present. Due to the lack of consistent directional change noted on 

the four different graphs or the two combined categories, no further 

analysis was performed. It was summarized that there was no difference 

in the prevalence of purulent sputum between both groups. 
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Figure 9. Number of Subjects in the Sputum Appearance Categories on All 
Study Days for the Biodyne™ and Standard Groups. 
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Secondary research question two asked if mechanically ventilated 

patients, after three days on the Rotorest"1 bed, had a lower prevalence 

of purulent sputum compared to the first day of continuous oscillation. 

The sputum appearance was described by the four categories: clear, 

light yellow, purulent, and bloody. A preliminary evaluation was done 

by plotting the number of subjects from the Rotorest"1 group on four 

categorical graphs for each study day (Figure 10). At baseline, there 

were two subjects with clear sputum, two with light yellow, one with 

purulent sputum, and two with bloody sputum. On study day three, there 

were six subjects with clear sputum and one with light yellow sputum. 

The graphs demonstrated that there were no subjects with purulent or 

bloody sputum on day three, while there were only three subjects with 

purulent or bloody sputum at baseline. To further analyze this differ

ence, the four categories were changed to two groups, "clear-light 

yellow" and "purulent-bloody." A chi-square analysis was significant at 

0.05 (x ~ 4.24, df = 1). It was concluded that there was a difference 

in prevalence of purulent sputum for subjects on the Rotorest"1 bed after 

three days compared to the first day of continuous oscillation. 

Difference Between Dynamic and Static Compliances 

The third primary research question asked if there was a smaller 

difference between static and dynamic compliances in subjects who 

received continuous oscillation therapy, the Biodyne"1 bed, compared to 

those subjects who received periodic turning. The difference was calcu

lated by subtracting the dynamic compliance from the static compliance. 

The original eight subjects with baseline plateau pressures were 
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Study Days for the Rotorest™ Group. 



79 

followed through to day three. Only six of the eight subjects had pla

teau pressures for all three days of data collection, three in the 

Biodyne™ group and three in the standard group. 

The mean difference was calculated for each group for each study 

day. The mean differences and standard deviations of the Biodyne™ sub

jects at baseline, study day one, day two, and day three were 19.5 ml/cm 

H2O with a standard deviation of 13.81 ml/cm H2O, 6.71 ml/cm H2O with a 

standard deviation of 3.88 ml/cm H2O, 9.12 ml/cm 1^0 with a standard 

deviation of 4.53 ml/cm 1^0, and 11.95 ml/cm H2O with a standard devia

tion of 7.94 ml/cm 1^0, respectively. The mean difference for the stan

dard group at baseline was 9.67 ml/cm H2O with a standard deviation of 

7.73 ml/cm I^O. The standard subjects' mean difference at day one was 

15.68 ml/cm 1^0 with a standard deviation of 16.5 ml/cm l^O. The mean 

difference at day two was 6.96 ml/cm H2O with a standard deviation of 

5.63 ml/cm 1^0, and at day three the mean difference was 16.00 ml/cm H2O 

with a standard deviation of 14.07 ml/cm 1^0. 

The normal difference between compliances is quoted to be 20% of 

the total respiratory compliance (Fallat & McQuitty, 1982). The stan

dard difference at baseline was 28% and the Biodyne™ difference at base

line was 47%. At study day three, the standard subjects' difference was 

42% and the Biodyne™ difference was 35%. The Biodyne" subjects' differ

ence did decrease by the third study day. 

At baseline and each study day, t-tests were performed between 

the Biodyne*" and standard groups. Even though the Biodyne™ percent of 

difference decreased compared to the standard percent, there were still 

no significant differences between the two groups on any day. It was 
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concluded that there is no difference between the two bed groups on the 

difference between dynamic and static compliances. 

The third secondary research question asked if there was a 

decrease in the difference between static and dynamic compliances in 

subjects who had been on the Rotorest'" bed for three days as compared to 

the first day of continuous oscillation. The mean difference between 

the static and dynamic compliances was calculated for the Rotorest™ 

group at baseline, day one, day two, and day three. All subjects in the 

Rotorest'" sample had calculated mean differences each day. A prelimi

nary evaluation to assess the trend in the mean differences over time 

was done by plotting the daily mean and standard deviation for the four 

study days (Figure 11). The mean differences and standard deviations 

for each study day were as follows: (a) at baseline the mean was 9.9 

ml/cm H2O, with a standard deviation of 13.5 ml/cm H2O, and the differ

ence was 35% of the total respiratory compliance; (b) on day one the 

mean difference was 6.2 ml/cm ^0, with a standard deviation of 7.4 

ml/cm and the difference was 26% of the respiratory compliance; 

(c) on day two the mean difference was 7.2 ml/cm H2O, with a standard 

deviation of 3.8 ml/cm H2O, and the difference was 32% of the total 

respiratory compliance; and (d) on day three the mean was 7.8 ml/cm H2O, 

with a standard deviation of 6.4 ml/cm H2O, and the difference was 33% 

of the total respiratory compliance. 

The mean difference at baseline was greater than the difference 

at the third day, yet when the subjects' individual compliance differ

ences were looked at, there was only one subject who had a large dif

ference of 37 ml/cm H2O at baseline which decreased to the smaller 



81 

30 

25 

20 

15 

ml\cm H20 

baseline day 1 day 2 day 3 

mean + SD 

Figure 11. Daily Mean and Standard Deviation for the Differences 
Between Static and Dynamic Compliances for the Rotorest™ 
Group. 
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difference of 1.3 ml/cm by the third day. This outlier caused the 

large standard deviation at baseline. A t-test was done between the 

mean differences at baseline and day three; there was no statistically 

significant difference between the two days. No further analysis was 

performed due to the small sample set and the large standard deviations. 

It was concluded that there was not a smaller difference between compli

ances for subjects on the Rotorest™ bed from baseline to study day 

three. 

Frequency of Suctioning and the Difference 
Between Dynamic and Static Compliances 

This research question asked if there was a relationship between 

the frequency of suctioning and the difference between static and 

dynamic compliances in the mechanically ventilated subject. The ques

tion was analyzed twice, first with the Biodyne™ and standard groups and 

second with the Rotorest™ group. A Pearson correlation coefficient was 

computed for the two variables for each study day. The relationship for 

the two variables on day one was -0.0920, on day two the relationship 

was -0.0729, and on study day three the relationship was +0.3960. For 

this sample set on these three days of data collection, there was no 

significant relationship between frequency of suctioning and the differ

ence between dynamic and static compliances for both the Biodyne™ and 

standard groups. 

Similarly, a Pearson correlation coefficient was computed for 

the two variables for each study day for the subjects in the Rotorest™ 

group. At baseline, study day one, study day two, and study day three, 

the relationships were -0.3312, +0.5227, -0.2116, and -0.0613, 
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respectively. Baseline, day two, and day three indicated a negative 

relationship. Study day one denoted a positive relationship between the 

two variables. This positive relationship on day one may suggest an 

association between an increase in airway resistance and an increase in 

removal of secretions from the mechanically ventilated patient. How

ever, with a sample set of seven, the r = +0.5227 is not significant. 

It is concluded that there is no consecutive relationship between the 

two variables for the Rotorest"1 subjects. 

a/APC>2 Ratio and Frequency of Suctioning 

This research question asked if a higher a/APC>2 ratio was asso

ciated with an increased frequency of suctioning or an increased volume 

of secretions in mechanically ventilated subjects. Again, this research 

question was analyzed separately, first with the Biodyne'" and standard 

groups and second with the Rotorest'" group. A Pearson correlation coef

ficient was used to compute the two variables, frequency of suctioning 

and a/AP02 ratio, for study day one through study day three. On study 

day one, two, and three the relationships were 0.1097, 0.0931, and 

-0.1554, respectively. A level of significance was not met on any of 

the three study days. It is concluded that there is no relationship 

between a higher a/APC^ ratio and an increase in frequency in suctioning 

for the subjects in the standard and Biodyne™ groups. 

The additional variable, the amount of secretions over a 24-hour 

period, was substituted for frequency of suctioning to assess the asso

ciation with a/AP02- A preliminary analysis of these two variables, the 

a/AP02 ratio and the amount of secretions, was performed using the mean 
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of the a/AP02 ratio of both groups in each category of secretions 

(Table 7). The a/APC>2 ratios varied widely with each amount of sputum 

category and for each study day. The mean a/APC>2 ratio at baseline and 

at study day one appeared to be higher with a smaller amount of secre

tions (the baseline a/APC^ ratio was 0.56 in the scant category and in 

the large amount of secretions the a/AP02 ratio was 0.32; the a/AP02 

ratio on study day one was 0.32 for the scant amount of secretions and 

for the large amount of secretions the a/AP02 ratio was 0.19). Yet, on 

study day two and three this trend changed and the higher a/AP02 ratio 

was associated with the large amount of secretions (on day two the 

a/AP02 ratio was 0.39 for the scant amount of secretions and the a/AP02 

ratio was 0.60 for the large amount of secretions; on day three the 

a/AP02 ratio was 0.39 for the scant amount of secretions and 0.49 for 

Table 7. Mean a/AP02 Ratio for All Subjects in the Biodyne™ 
and Standard Groups by Amount of Secretions Over 
Time. 

Baseline Day 1 Day 2 Day 3 
Amount a/AP02 a/AP02 a/AP02 a/AP02 

None 0.56 _ _ _ 

<n " 3) 

Scant 0.19 0.32 0.39 0.39 
(n - 5) (n - 10) (n - 8) (n - 5) 

Moderate 0.45 0.48 0.32 0.42 
(n - 5) (n - 6) (n - 6) (n — 8) 

Large 0.32 0.19 0.60 0.49 
(n - 5) (n - 2) (n - 4) (n - 5) 
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the large amount of secretions). Analysis of variance was performed and 

no level of significance was achieved on any study day. There was no 

consistent relationship between a higher a/APC>2 ratio and an increased 

volume of secretions for the Biodyne"1 and standard groups. 

Again, this research question was applied to the Rotorest™ 

group. A Pearson correlation coefficient was computed between the two 

variables, frequency of suctioning and a/APC>2 ratio, at baseline through 

study day three. At baseline, study day one, day two, and day three, 

the relationships were -0.4792, +0.5056, +0.5395, and +0.2819, respec

tively. At baseline the r = -0.4792 indicates a negative relationship 

which may imply that as the frequency of suctioning increases the a/APC^ 

ratio decreases. Yet, the relationships became positive after baseline 

when the subjects were placed on the Rotorest" bed. The positive rela

tionships could indicate that there is a correlation between a higher 

a/AP02 ratio and an increase in the frequency of suctioning. As secre

tions are removed and distribution of inhaled gas improves, the sub

ject's oxygenation is also expected to improve. After the baseline, the 

trend was for the a/AP02 ratio to increase as the frequency of suction

ing increased. However, with the small sample size, the r = +0.5056, 

+0.5395, and +0.2819 did not reach the level of significance. There

fore, it would have to be concluded that there is no relationship 

between a higher a/AP02 ratio and an increase in the frequency of suc

tioning for the Rotorest'" subjects. 

The additional variable of volume of secretions was also exam

ined to answer this research question. A preliminary analysis of these 

two variables, volume of secretions and the a/AP02 ratios, was done 
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using the mean of the a/APC>2 ratio in each secretion amount category. 

At baseline, the mean a/APC>2 ratio for the scant category was 0.24 

(n - 5); the mean a/AP02 ratio for the moderate category was 0.45 

(n - 2). On day one, the mean a/AP02 ratio for the scant category was 

0.29 (n = 4), the mean a/AP02 ratio for the moderate category was 0.31 

(n = 2), and the a/AP02 ratio for the large amount of secretions was 

0.27 (n - 1). On day two, the mean a/AP02 ratio for the scant amount 

category was 0.26 (n - 3), the mean a/AP02 ratio for the moderate cate

gory was 0.32 (n - 3), and the a/AP02 ratio for the large amount of 

secretions was 0.64 (n = 1). On day three, the mean a/AP02 ratio for 

the scant amount was 0.28 (n = 4), the mean a/AP02 ratio for the moder

ate amount of secretions was 0.40 (n - 2), and the a/AP02 ratio for the 

large amount of secretions was 0.45 (n - 1) (Table 8). 

Table 8. Mean a/AP02 Ratio for the Rotorest'" Group by Amount 
of Secretions Over Time. 

Baseline Day 1 Day 2 Day 3 
Amount a/AP02 a/AP02 a/AP02 a/AP02 

None - - - -

Scant 0.24 0.29 0.26 0.28 
(n - 5) (n = 4) (n - 3) (n = 4) 

Moderate 0.45 0.31 0.32 0.40 
(n = 2) (n = 2) (n = 3) (n = 2) 

Large - 0.27 0.64 0.45 
(n = 1) (n = 1) (n = 1) 



At baseline, the higher a/APC^ was associated with the greater 

amount of secretions. On study day one, the a/APC>2 ratios were basi? 

cally equal, despite the amount of secretions noted over the 24 hours. 

On study day two and day three, the higher a/AP02 ratios were associated 

with larger volumes of secretions. Yet, the majority of the sample had 

a scant amount of secretions each study day and the higher a/AP02 ratios 

were seen in only one subject on day two and day three. Analysis of 

variance was done for each study day and statistical significance was 

not met. Therefore, it was concluded that there was no relationship 

between a higher a/AP02 ratio and an increase in the volume of secre

tions for subjects on the Rotorest"1 bed. 

Frequency of Turning 

The mean turning time of the Biodyne'" group was calculated for 

each study day. The mean hours of turning on study day one was 12.13, 

with a standard deviation of 5.3. On study day two, the mean hours of 

turning was 12.5, with a standard deviation of 6.59. Study day three 

mean hours of turning was 13.75, with a standard deviation of 6.8. The 

majority of subjects received at least 12 hours of continuous oscilla

tion per day. 

The turning time for subjects on the standard bed was calculated 

from the categories of every two hours, every three to four hours, and 

greater than four hours. On study day one, 50% of the subjects were 

turned at least every two hours. On study day two, 60% of the subjects 

were turned at least every two hours, and on study day three, 50% of the 

subjects were turned every two hours. This group appeared to receive 
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the standard hospital turning schedule. The two groups, Biodyne*" and 

standard, both appeared to receive the minimal amount of turning, peri

odic and continuous oscillation, set by the parent study. 
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CHAPTER 5 

DISCUSSION AND CONCLUSIONS 

The purpose of this secondary analysis was to determine the 

effects of periodic turning and continuous oscillation therapy on airway 

clearance. Airway clearance was defined for this study by the frequency 

of endotracheal suctioning, description of secretions, efficiency of 

oxygenation, and effective system pulmonary compliance measurements. A 

discussion of the study results, the implications for nursing practice, 

the study limitations, and recommendations are presented in this 

chapter. 

Discussion of Results 

Characteristics of Sample 

In the literature review, there were several studies that exam

ined continuous oscillation therapy through the use of the Rotorest"1 and 

Biodyne1" beds. These independent studies were performed to determine 

whether the special beds reduced complications associated with immobil

ity and shortened the length of stay in the intensive care unit and the 

hospital (Clemmer et al., 1990; deBoisblance et al., 1992; Demarest et 

al., 1989; Fink et al., 1990; Gentilello et al., 1988; Reines & Harris, 

1987) . This secondary analysis was different in that it concentrated 

specifically on the nursing problem of airway clearance. Though many 

studies measured the same variables, such as sputum appearance and effi

ciency of oxygenation, the variables were part of the definitions for 

pneumonia and lower respiratory tract infections. In the present study, 
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analysis these variables helped to determine airway clearance. The main 

goal in this study was to determine if oscillating therapy was an ade

quate nursing intervention to help maintain airway clearance in the 

mechanically ventilated patient. 

The criteria for selection of the samples were different in this 

analysis compared to the literature review studies. In the previous 

studies, specific patient groups — such as blunt trauma, head injuries, 

and severe traumatic injuries — were determined prior to patient selec

tion. These trauma admissions were placed on the Rotorest™ bed, the 

type of oscillating bed most frequently cited in the literature. A 

major difference between the Rotorest™ bed and the Biodyne™ bed was that 

patients requiring skeletal traction could not be placed on the Biodyne™ 

bed. Therefore, a majority of the trauma admissions to the intensive 

care unit utilized for the present study were excluded from the sample. 

This secondary analysis study, however, only excluded subjects who could 

not physically be placed on the bed (for example, patients who required 

skeletal traction or having the head of the bed elevated more than 30 

degrees). All other admissions were randomized to the bed study. The 

Biodyne™ and standard groups in the present study each had one trauma 

admission, whereas 57% of this study's Rotorest™ group were trauma 

admissions. The secondary analysis Biodyne™ and standard groups were 

comprised mainly of medical admissions. The one Biodyne™ study in the 

literature review did not use trauma admissions for subjects 

(deBoisblance et al., 1992). 

Another difference in the selection criteria for the present 

study was that the subjects in the secondary analysis were required to 
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be mechanically ventilated at the time of admission and for at least 

three days after admission. No such criterion was required for the 

other studies. In the parent study, there were originally 48 subjects 

enrolled, but only 18 subjects met the secondary analysis inclusion 

criteria. 

In this study, the Biodyne™ and standard groups had similar 

demographic findings at the entry time to the study. This sample group 

was different from the other studies' samples in that the subjects were 

fewer, older, and had higher APACHE II scores. Also, the injury sever

ity scores were lower than for the subjects in the literature review 

studies (Clemmer et al., 1990; Demarest et al., 1989; Fink et al., 1990; 

Gentilello et al., 1988). The major differences between the sample 

characteristics of this study and the other Rotorest™ studies were: a 

smaller number of trauma admissions, trauma cases could not involve 

extensive trauma, and more elderly medical patients with a history of 

chronic illness. 

This Rotorest™ study depicts a group of subjects who were placed 

on a special treatment bed according to need as determined by the inten

sive care unit staff. The decline of the patient's clinical status and 

greater difficulty in turning the patient manually was usually the 

determining factor for the use of the Rotorest™ bed. Compared to those 

subjects in the Biodyne™ and standard groups, the Rotorest™ subjects 

were younger, had much higher ISS scores, less incidence of pre-existing 

illness at the time of admission, lower a/APC^ ratios, and lower pulmo

nary compliance measurements. The acuity of the subjects, as determined 

by the APACHE II scores, in the Rotorest™ group was much higher than the 
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Biodyne™ and standard groups. Again, the majority of the subjects in 

this group were trauma admissions. The characteristics of this sample 

were similar to the studies performed with the Rotorest'" bed in the 

literature review. 

The Rotorest'" bed appeared to be the continuous oscillating 

treatment bed of choice for the majority of the intensive care staff. 

This observation became apparent during the parent study data collec

tion. Two of the seven subjects who were in the Rotorest™ group were 

also part of the parent study. They were removed from the parent study 

because the nurses had placed these subjects on the Rotorest'" bed (one 

from a Biodyne™ bed and one from a standard bed). The reason stated by 

the intensive care staff for the move was that the patients' clinical 

status had deteriorated and they believed that the Rotorest'" bed would 

deliver greater postural turning than the Biodyne'". 

The other five subjects in the Rotorest™ group had been excluded 

from the parent study because of their extensive trauma injuries. The 

nursing staff had recognized that these subjects might potentially bene

fit from the continuous oscillating therapy and had placed them on the 

Rotorest™. The actions and comments made by the nursing staff indicated 

that they considered the Rotorest™ bed to be more effective in treating 

the acute critically ill patient, and there was a greater tendency to 

choose this treatment bed. 

Rotation Time 

In the parent study, subjects were removed from the study if 

they did not rotate at least 12 hours per day for two consecutive days. 
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Though continuous turning was the goal, the beds were stopped for vary

ing reasons, including unstable clinical condition of subjects, nursing 

care, diagnostic treatment, or family visiting time. The Biodyne"1 bed 

group met the parent study's criteria of a mean of 12 hours of rotation 

over each 24-hour period. This finding is consistent with two Rotorest"1 

bed studies in the literature review (Clemmer et al., 1990; Gentilello 

et al., 1988). Both studies reported an average rotation time for the 

subjects on the continuous oscillating bed of 12-15 hours. The other 

studies did not report an average time of rotation. 

Though the rotation time was the same in this Biodyne"1 bed study 

as the Rotorest"1 studies, the actual degree of turning differed from 

that attained with the Rotorest™. As noted in the methodology chapter, 

the maximum Biodyne"1 bed turn angle is 40 degrees to one side, while the 

Rotorest"1 bed can turn a patient at least 60 degrees to one side. It 

was noted during the data collection that the majority of subjects on 

the Biodyne"1 bed could not achieve the full 40 degrees of rotation. 

Subjects tended to slip on the inflating and deflating cushions so that 

the rotation angle of 40 degrees could not always be met. Therefore, a 

question that remains is that, even though the Biodyne"1 bed is continu

ously oscillating, since it cannot turn the patient to as great an angle 

as the Rotorest™ bed, are the effects the same on airway clearance? 

Of the studies reviewed, no mention was made of the frequency of 

turning for the control groups. Most studies stated that the routine 

care in their units included turning patients every two hours, but no 

attempt to measure the actual turning was done. The present study found 

that, although routine care included turning every two hours, there were 
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varying amounts of time at which the subjects were manually turned. 

Though at least 50% of the subjects were turned every two hours, at 

least 40% were turned every three to four hours or less frequently than 

every four hours. However, this investigator had to recognize that 

error in documentation of the turning time could have occurred. The 

nurses may have forgotten to document the turns or attempted to remember 

how many turns occurred at the end of the shift. Therefore, the actual 

amount of turning the patients received could have been more frequent or 

less frequent than every two hours. 

In future studies, it would be important to determine the exact 

turning frequency of those subjects receiving "routine" care. Only with 

such data will one be able to relate the frequency of turning a patient 

receives to the overall outcome. It may be that continuous turning does 

not improve the outcome over a certain frequency of manual turning. 

Possibly, the frequent turning of patients emphasized in the present 

unit resulted in the same benefits as continuous oscillation and there 

was no significant difference between the two groups. 

Frequency of Suctioning 

Biodyne™ and standard groups did not show any difference in the 

frequency of suctioning or in the amount of secretions retrieved over a 

24-hour period. Again, the data collected were by nursing report and 

were not directly measured. Therefore, error of documentation could 

have occurred. Also, the amount of sputum volume was a subjective 

observation made by many different nurses who cared for the subjects 

during the data collection period. No rating scale was used by the 
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nurses to determine the amount of sputum retrieved by suctioning. One 

Rotorest™ study reported by Clemmer et al. (1990) stated in the method

ology that sputum was actually collected and measured in a 40-ml gradu

ated sputum trap with each suctioning. Yet, no further mention of this 

technique was made in the results or discussion, and it can be assumed 

that no differences in volume retrieved were found. 

The Rotorest™ group did show a trend in that frequency of suc

tioning increased from the baseline to the third study day on the bed. 

Yet, t-tests between each study day and the third day were not statisti

cally significant. These findings were inconsistent with the investiga

tor's anticipation that continuous oscillation would cause a greater 

mobilization of secretions and, therefore, there would have been an 

increase in the frequency of suctioning or in the amount of secretions 

over a 24-hour period for both groups, the Biodyne" and the Rotorest"1. 

It is interesting to note that the overall amount of secretions 

in the 24-hour period showed no difference between the baseline and day 

three in the Rotorest"1 despite the trend of increased suctioning after 

three days. These findings seem to indicate that tnere is a problem 

with how nurses judge the amount of patients' secretions. The documen

tation by many nurses demonstrates a tendency toward the mean when 

determining secretion amounts; the description of "scant" appears to be 

used only when there are absolutely no secretions, and "large" is mainly 

used for secretions that are "bubbling" out of the endotracheal tube. 

These problems imply that nurses need better monitoring systems to eval

uate adequate airway clearance techniques for mechanically ventilated 

patients. 
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Sputum Appearance 

There was no difference in a prevalence of purulent sputum in 

subjects who received continuous oscillation by the Biodyne"1 bed com

pared to those subjects who were turned manually. Though the results 

demonstrated that both groups clinically had fewer subjects with puru

lent sputum on day three, the sputum appearance did not change statisti

cally from the baseline for either group. Nor did combining the four 

categories into two groups, "clear-light yellow" and "purulent-bloody," 

yield statistically significant results. 

The Rotorest™ group did demonstrate a difference in sputum 

appearance from the baseline to the third day on the bed. Initially, 

the sputum appearance in the four categories did not statistically 

change from the baseline to the third day. Yet, when the investigator 

examined the sputum appearance graphs, a definite trend was noted, with 

no subjects with purulent or bloody sputum on the third day. By combin

ing the four groups of sputum appearance into two groups, "clear-light 

yellow" and "purulent-bloody," a statistically significant result 

o 
(X =4.24, df - 1) was found. Although other studies did not report 

the prevalence of purulent sputum, the sputum characteristics were 

included in the definitions of pneumonia. Several of the Rotorest"1 bed 

studies and the Biodyne'" bed study reported a decrease in the incidence 

of pneumonia in subjects placed on the continuous oscillating beds 

versus the control group subjects (deBoisblance et al., 1992; Demarest 

et al., 1989; Fink et al., 1990; Gentilello et al., 1988; Reines & 

Harris, 1987). 
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Difference Between Dynamic and Static Compliances 

The research question on comparing the differences of compli

ances between the subjects placed on the two beds, the Biodyne™ and 

standard, was based on the belief that, if there was secretion reten

tion, one would expect the airway resistance to be increased. There

fore, a larger part of the peak pressure could be accounted for by the 

pressure required to overcome the resistance. Hence, the differences 

between static and dynamic compliances would be larger if there was a 

significant component of airway resistance. This investigator antici

pated that the subjects on the oscillating beds would either maintain a 

low difference between the compliances, or if the subject came in with a 

larger difference, then the subject's compliance difference would 

decrease over time. 

In this study, the differences between compliances in the analy

sis of the subjects on the two beds, Biodyne*" and standard, were not 

statistically significant. However, the data collection may have been 

hampered by a few circumstances. First, only six subjects in the 

Biodyne™ and standard groups (three in each group) had the information 

needed daily to calculate the dynamic and static compliances on each 

study day. Possibly, if the sample had been larger, statistically sig

nificant results would have occurred. 

Second, the subject's suctioning status was not reported during 

collection of the data necessary to compute compliance. If the subject 

had been suctioned just before the measurements were recorded, then 

retained secretions may not have been measured at this point in time. 

Furthermore, in this unit, it was not uncommon for physicians to perform 
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therapeutic bronchoscopies to clear secretions. Even if the subject was 

receiving vigorous endotracheal suctioning, secretions may have still 

been retained. Because of the direct visualization, bronchoscopy often 

allows for better clearance of the airways than suctioning. These vari

ables should have been considered when determining the compliances. 

Also, the compliances were only calculated once a day at 0600. 

An acute change in the difference in compliances could have been shown 

elsewhere during the day. The compliances should have been calculated 

several times during the day to obtain a more accurate picture of airway 

clearance. In addition, this investigator had to question the validity 

of the measurement recorded due to such varied results of the compli

ances between days for the same subject. 

The Rotorest™ group did not show any changes in the difference 

between compliances from baseline to the third study day. Their percen

tages of total compliance remained higher than normal (greater than 20%) 

on all study days. Similarly, the reasons cited above could have influ

enced the results. 

Effect of Airway Clearance on Lung Mechanics 

There was no relationship found between frequency of suctioning 

and difference between dynamic and static compliances in the Biodyne™, 

standard, or Rotorest™ groups. Yet, the Rotorest™ group subjects demon

strated a positive relationship on day one (r = +0.5227), though not 

statistically significant, and by day two and day three demonstrated 

negative relationships (r - -0.2116 and r - -0.0613, respectively). 

These findings could indicate that after day one on the Rotorest™ bed 
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the subjects had a greater amount of secretions which led to a larger 

difference between compliances and, therefore, required more endotra

cheal suctioning. However, the negative relationships could mean that, 

though the differences became smaller, the nurses still continued to 

suction as much due to the routine of the unit. 

Again, this inconsistency could be due to the fact that the mea

surements were taken only once a day and that no information on suction

ing and bronchoscopy status at the time was reported. Also, it is 

important to note that the frequency of suctioning was by nursing report 

and error of documentation could have occurred. In addition, possibly 

the results were influenced by the nurse's suctioning protocol, under 

which patients are suctioned every hour or every two hours whether the 

patient needs it or not. This problem, too, can indicate that nurses 

need a more objective monitoring system for determining airway clearance 

and evaluating the results. 

Effect of Airway Clearance on Gas Exchange 

The a/APC>2 ratio was used to evaluate airway clearance and was 

tested by using two aspects of nursing care, frequency of suctioning and 

estimated amounts of sputum retrieved by suctioning. No relationship 

was found between frequency of suctioning and the a/APC^ ratio in the 

Eiodyne™, standard, and Rotorest™ groups. In addition, there was no 

correlation between the amount of secretions and the a/APC^ ratio. The 

a/APC>2 ratio varied widely with each category of amount of sputum for 

the Biodyne"1, standard, and Rotorest™ groups. These results did not 

meet the investigator's anticipation that, as mobilization of secretions 
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occurs and airway clearance improves, the a/AP02 ratio would indicate a 

better gas exchange. 

The results of these correlations may have been influenced by 

several circumstances. First, the calculation of the a/AP02 ratio and 

the frequency of suctioning were tallied at different times on the 

intensive care unit flowsheet. The a/APC^ ratio was calculated from 

arterial blood gases that were drawn at 0600 and the frequency of suc

tioning was tallied at the end of the 24-hour period. The a/AP02 ratio 

may not have indicated the efficiency of oxygenation for that 24-hour 

period, but for the 24-hour period prior to the 0600 arterial blood 

gases. If the a/APC>2 ratio had been calculated from arterial blood 

gases that were drawn near the end of the 24-hour period for which the 

number of suctioning episodes were counted, then a relationship between 

the airway clearance variables and gas exchange may have been 

demonstrated. 

Again, error of documentation could have occurred, as episodes 

of suctioning were by recorded nursing report. Also, there was no nurse 

consistency between subjects and an objective suctioning rating scale 

was not used during data collection. Again, the question is raised — 

Were the nurses routinely suctioning the subjects or was the decision to 

suction a patient related to physiological measures? 

The variability of the correlations caused this investigator to 

question if these variables were the best indicators for monitoring 

airway clearance. The a/AP02 ratio, frequency of suctioning, and the 

amount of secretions varied greatly in all three groups. Gas exchange 

can be affected by either an increase in secretions due to improved 
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clearance or an increase in production of sputum due to the development 

of pneumonia. Possibly, if the a/APC^ ratio had been used in combina

tion with another determinant of airway clearance, such as a chest 

radiograph, or with a description t>f the sputum, a correlation between 

airway clearance and gas exchange would have been shown. Therefore, in 

conclusion, these variables may need to be interpreted on an individual 

basis for monitoring airway clearance. 

Limitations of the Study 

There were several limitations to this study. First, in the 

parent study, data were transcribed from the intensive care unit flow

sheet by several people and in the secondary analysis the data were 

transcribed by the investigator. No interrater reliability was 

established. 

Another limitation of the study was the lack of a control group 

for comparison to the Rotorest"1 group. The absence of a control group 

may have influenced the results of several of the research questions. 

The small sample set was another limitation of the study. Choi 

and Nelson (1992) found that analysis of a sample size of 419 subjects 

indicated that the incidences of pneumonia and atelectasis were signifi

cantly reduced by the Rotorest'" bed. This sample was a combination of 

similar studies' samples in which the sizes were 30 to 100 subjects. 

The researchers stated that small sample size was a major problem in 

clinical research. From this meta-analysis, statistically significant 

results were reported. The findings of this present study cannot be 

generalized to the population. 
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Another limitation of this study was that many of the variables 

were recorded by different nurses caring for the subjects. As the 

investigator could not be present for all measurements, possible error 

in data recording on the intensive care unit flowsheet could not be 

estimated. 

In addition, the fact that several of the parameters were 

recorded or measured only once per 24-hour period was a limitation of 

this study. For example, the dynamic and static compliances and the 

a/AP02 ratio should have been measured several different times during 

the day to obtain a more accurate picture of the subjects' airway 

clearance. 

Another limitation for this study was the preference for the 

Rotorest'" bed by the intensive care nurses over the other oscillating 

bed, the Biodyne"1. First, the secondary analysis criteria required 

patients to be on the Biodyne'" bed and mechanically ventilated for three 

days. Only 18 of the original 48 subjects met these criteria. Pos

sibly, nurses did not allow the patients to rotate at least 12 hours a 

day and, therefore, the subjects were removed from the bed and from the 

parent study. This preference could have affected several of the out

comes of the secondary analysis of the Biodyne'" and standard groups. 

Finally, the shorter length of the secondary analysis was a lim

itation to the study. In the literature review, the clinical studies 

were not limited to three days; instead, many of the subjects were fol

lowed until they were discharged from the intensive care unit, removed 

from the treatment beds, or expired (Clemmer et al., 1990; deBoisblance 

et al., 1992; Demarest et al., 1989; Fink et al., 1990; Gentilello et 
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al., 1988; Reines & Harris, 1987). Possibly, three days on the treat

ment beds may not have been long enough to demonstrate a difference. 

Implications for Nursing Practice 

The choice of whether or not to place a critically ill patient 

on an oscillating bed is often determined by the nursing staff. Nurses 

have the responsibility of determining the cost/benefit for treatments, 

such as the Biodyne'" and Rotorest'" beds, that are currently being used 

with patients. Based on the literature review and observations made 

during this study, there continue to be inconsistent results in the 

study of continuous oscillating beds. Though there have been studies 

that document beneficial results of using oscillating therapy in some 

patient groups, there are a few clinical studies that have found no 

benefit compared to periodic turning. Therefore, nurses will need more 

research to determine the criteria for patient selection on use of 

oscillating therapy. 

Another implication from this study is that nurses need better 

criteria to determine and evaluate the effect on airway clearance. An 

integral part of nursing care is the maintenance and patency of mechani

cally ventilated patients. Yet, during the period of data collection 

and while interpreting the results of this study, the investigator noted 

that some nurses tend to suction routinely and not by any physiological 

indicator. An objective system needs to be developed in which the 

interventions affecting airway clearance become universal. 
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Recommendations for Future Research 

The following recommendations are made with regard to future 

research concerning the subject of this study: 

1. Repeat this study using a larger sample size to determine if 

there are significant effects related to the effect of periodic 

turning and continuous oscillation on airway clearance. 

2. Conduct a study using more direct methods of airway clearance 

such as actual measurement of sputum volume, interpretation of 

chest radiographs, and obtaining several readings in a 24-hour 

period for pulmonary compliance and effective gas exchange. 

3. Conduct a similar study to compare the effect of the Rotorest™ 

bed to the Biodyne"1 bed to determine if any difference exists 

between the two oscillating beds. 

4. Conduct a similar study in which nurses are trained in the use 

of an objective monitoring system for determining the need for 

and evaluation of airway clearance techniques. 

Summary 

This chapter discussed the findings of the data analysis. The 

findings led to the conclusion that the Biodyne™ oscillating bed did not 

benefit the airway clearance in the mechanically ventilated patient. 

However, the Rotorest'" bed did have a significant result in sputum 

appearance in the mechanically ventilated patient after three days on 

the oscillating bed. The sputum changed from a "purulent-bloody" 

appearance to a "clear-light yellow" appearance. The change in sputum 

appearance could possibly signify a reduced incidence of developing 
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pulmonary problems such as atelectasis or pneumonia in the immobile, 

mechanically ventilated patient. 

Also concluded from the findings was that no relationships 

existed between the monitoring techniques for airway clearance utilized 

in this research. Yet, as explained above, different techniques of data 

collection may have demonstrated relationships between the variables. 

Furthermore, a much needed system is required by critical care nurses to 

monitor airway clearance in which patients receive individualized treat

ment for airway patency. Further study is necessary, with the consider

ation of the recommendations previously outlined, before determining 

that all patient groups benefit from oscillating therapy. 
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The University of Arizona 
Human SUDWCB CdmmmM 
>690 n wiiwi ibios S26BI 21 September 1989 
Tucson. Arizona 05724 
(6021 626-6721 or 626-7575 

Stuart Quan, M.D. 
Gayle Traver, R.N., M.S.N. 
Division of Respiratory Sciences 
Arizona Health Sciences Center 

RS: AS9.117 EFFICACY OF BIODXNE OSCU1ATHG BED THERAPY DJ ACUTELY ILL 
PATIENTS 

Dear Dr. Quan and Ms. Traver: 

Kb received your above referenced project. B» procedures to be followed in 
this study pose no more than mininal risk to participating subjects. Regu
lations issued by the O.S. Department of Health and Hunan Services [45 CFR Part 
46.110(b)] authorize approval of this type project through the expedited review 
procedures, with the condition(s) that subjects' anonymity be naintained. Although 
full Committee review is not required, a brief sunmary of the project procedures 
is submitted to the Comnittee for their endorsement and/or eminent, if any, 
after administrative approval is granted. This project is approved effective 21 
Septentoer 1989. 

Bie Hunan Subjects Comnittee (Institutional Review Board) of the University of 
Arizona has a current assurance of concliance, nunber M-1233, which is on file 
with the Department of Health and Human Services and covers this activity. 

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

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

Sincerely yours, 

Milan Novak, M.D., Ph.D. 
Chaiman 
Human Subjects Comnittee 

MN/ms 

cc: Departmental/College Review Conmittee 
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1690 V Warren I Bide 526Bi 
Tucson. Arizona 85724 
16021 626-6721 or 626-7575 

April 23, 1991 

Kebra Buhlig-Bocchini, RN 
College of Nursing 
Arizona Health Sciences Center 

RE: THE EFFECTS OF PERIODIC TURNING AND OSCILLATION THERAPY ON 
AIRWAY CLEARANCE 

Dear Kebra: 

We received your above referenced project. Regulations published 
by the U.S. Department of Health and Human Services [45 CFR Part 
46.101(b)(5)] exempt this type of research from review by our 
Committee. 

Consult your department chairman for approval, the requirement of 
a subjects' consent form and any other departmental guidelines. 

Thank you for informing us of your work. If you have any questions 
concerning the above, please contact this office. 

Sincerely yours, 

(JUojl4 
william F. Denny, M.D. 
Chairman, 
Human Subjects Committee 

WFD:sj 

cc: Departmental/College Review Committee 

THE University OF 

A 
Subiecr CommiMee 

I HL U'MvtKil I T 

ARIZONA 
HEALTH SCIENCES CENTER 
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ONGOING DATA 

Study Day: 

1. Subject I.D. 

2. ABGS: 

a. PaOo mm Hg 

b. PaCOo mm Hg 

C. HCO3 mm Hg 

d. SaOo 
E. PH 
f. FiOo 

3. Peak inspiratory pressure 

4. Pause pressure 

5. PEEP level 

6. Tidal volume 

7. Frequency of suctioning: times per 24 hours 

8. Suctioning: 

0 = none 
1 - scant amount 
2 - moderate mount 
3 = large amount 

9. Sputum appearance: 

1 - clear, mucoid 
2 = light yellow 
3 - purulent 
4 - bloody 
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REVISED DATA COLLECTION FORM 

Baseline 

1. Study I.D.: 

2. Bed placement: 

1 = Biodyne™ 
2 = Standard 
3 - Ro tore st,r 

3. Sex: 

1 = Male 

4. Birthdate: 

Female 

5. ICU admit date: 

6. Placement of special bed date: 

7. Admitting diagnosis: 

1 = Medical 
2 = Surgical 
3 = Trauma 

8. Operative procedures: 

4 = Neurosurgical 
5 = Other: 

9. Chronic disease: 

1 - Respiratory 
2 - Cardiovascular 
3 = Diabetes mellitus 

10. Smoking history: 

1 - Never smoked 
2 = Ex-smoker 

a. Packs/year smoked: 

b. Years since quitting: 

11. APACHE score: 

4 
5 

Renal disease 
Other: 

3 - Present smoker 
4 = Unknown ' 

12. ISS score: 
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