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ABSTRACT

The effect of various body positions on arterial 
oxygen tension EPaOgj was studied in nine newborns with 
moderate to severe idiopathic respiratory distress syn
drome ClRDS],

The infants were randomly changed through six 
customary positions (three semi-erect, and three flat) 
while being monitored continuously for PaO^o The posi
tion generating the best PaOg was analyzed for each 
infant, and compared with radiographic findings indi
cating diffuse and/or localized disease.

The findings indicate that infants with I EDS 
generally exhibit a higher PaOg while placed in semi- 
erect as opposed to flat positions. Improvement in 
PaC>2 accompanying position changes could also, on oc
casion, be explained by anticipated alterations in 
ventilation/perfusion ratios effected by localized lung 
disease.



CHAPTER 1

INTRODUCTION

Positioning is an import ant nursing procedure in 
the care of patients with respiratory problems. This 
study will look at the relationship between positioning 
of infants with respiratory distress syndrome and change 
in arterial oxygen tension (Pa02)»

Respiratory distress syndrome, also called idio= 
pathic respiratory distress syndrome of the newborn [IRDS] 
or hyaline membrane disease, is responsible for thousands 
of infant deaths a year„ It is an acute disorder that 
occurs almost exclusively in premature infants (Usher 
1971)o The etiology, pathophysiology and treatment of 
the disease have not been completely agreed upon. What 
is generally agreed upon is that there is a lack of 
surfactant (a complex lipoprotein containing high con
centrations of dipalmityl lecithin) which reduces the 
surface tension in the alveoli and overcomes their natural 
tendency to collapse (Clements 1957)o Problems arise when 
something interferes with the formation, storage or secre
tion of surfactant. Considerable information is now 
available concerning the formation of surfactant, the 
time relationship between production and gestational age

■ ' ■ 1



of the fetus, arid what factors can stimulate synthesis of 
the substance (Gluck et al. 1967). Unfortunately, little 
is known of the chemical or physical factors that inacti
vate surfactant or remove it once it is spread on the 
alveolar surfaces (James and Adamsons 1961(a) <, With re
duced production or impaired or diminished activity of 
surfactant, expansion of the Ixmg is difficult to accom
plish and maintain. Consequently there may be atelecta
sis and a decrease in ventilation. Every breath taken 
by the infant with surfactant deficiency or respiratory 
distress syndrome can be likened to the first breath at 
birth. Instead of requiring generation of ten to fifteen 
centimeters [cm] of water pressure in the intrathoracic 
space to move air into the lungs on inspiration, the 
inf ant with respiratory di stress syndrome may require 
between ij.0 to 80 cm of water negative pressure to expand 
his lungs, just as was the case for all newborns taking 
their first breath (Karlbery et al, 1962),

The measurement of PaOg is a useful index in the 
provision of care for those infants, PaOg is often low 
in severely ill infants with IKDS due to inadequate venti
lation and large degrees of right-to-left shunting. The 
low PaOg plus poor tissue perfusion induces metabolic 
acidosis because of lactic acid production in the face 
of anaerobic (lacking oxygen) metabolism. Acidosis,las



well as hypoxemia, causes pulmonary vasoconstruction and : 
further increase of right-to-left shunting at the pulmo
nary, ductal and atrial level, PaOg values thus reflect 
oxygen deprivation in the acutely ill infant, normoxia in 
the well managed infant or hyperoxia in those receiving
excessive concentrations of oxygen to breathe, PaO can

. 2now be monitored continuously in infants with severe IKDS 
by means of an indwelling polarographlc oxygen electrode 
(Harris and Nugent 1973)»

Positioning of these infants is also important in 
as much as resultant changes in gravitational forces 
influence both ventilation and blood flow to various por
tions of the lung, .Turning can help prevent further lung . 
damage brought on by prolonged atelectasis or poor expan
sion of segments of the lung. By measuring the PaO^ 
while repositioning the inf rant, an understanding of which 
positions are more advantageous for optimally matching 
ventilation with perfusion can be revealed. That is to 
ask the questions Which positions afford the best expan
sion and perfusion of the lungs and thus permit the best 
gas exchange as reflected in the highest PaO^?

Statement of the Problem 
The specific problem identified for study is: What

is the relationship between positioning and PaO£ in infants 
with respiratory distress syndrome?



Purpose of the Study 
The study's findings contribute to the body of 

knowledge upon which judgments are made when nurses care 
for infants with respiratory distress, syndrome„ Spe
cifically the study provides information on the relation
ship between, positioning and the matching of lung 
ventilation and perfusion, using the measurement of Pa02o

Definition of Terms 
Definitions of the following terms are essential 

for the purpose of this study.
Infant „ A patient in the neonatal intensive care 

unit with a diagnosis of respiratory distress syndrome.
Arterial Oxygen Tension. The partial pressure in 

millimeters of mercury [mm Hg] of oxygen physically dis
solved in arterial blood of the infant.

Semi-Erect Position. Elevation of the head of 
the bed or the infant at a thirty degree angle.

Respiratory Distress Syndrome. An acute respi
ratory disorder occurring in premature inf ants with 
surfactant deficiency.

Hypotheses
Infants with respiratory .distress syndrome will ' 

demonstrate a significantly (p<̂  0.05) higher PaOg when 
placed in the semi-erect.position of supine, right-and
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left lateral than when placed in the flat positions of 
supine9 right and left lateral0

Infants with bilateral lung disease (verified 
radiographically) will demonstrate a significantly 
( P 0,05) improved PaOg when placed in the semi-erect
position of right lateral rather than the left lateral

' .. ■ and supine semi-erect positions0
Infants with left sided lung disease (verified

radiographically) will demonstrate a significantly
(p ̂  Oo05) improved PaOg when placed in the semi-erect
position of right lateral as compared to the left
lateral and supine semi-erect positions„

Infants with right sided lung disease (verified
radiographically) will demonstrate a significantly
(p 0o05>) improved P aC^ when placed in the semi-erect
position of left lateral as compared to the right
lateral and supine semi-erect positions0

Conceptual Framework 
The conceptual framework of this study is con

cerned with the ratio of ventilation to perfusion in
infants with respiratory distress syndrome„ Gas exchange 
efficiency is dependent upon the nearly perfect matching 
of blood flow and alveolar ventilation within the termi
nal airspaceso Ventilation is the volume of air entering 
and leaving the alveoli« Perfusion refers to blood flow



through the pulmonary capillaries0 The ideal ventilation 
perfusion ratio in human beings is 0.8, and there are 
some intrinsic regulatory mechanisms that are directed 
towards preserving this ratio (Avery and Fletcher 1974)= 
Infants with respiratory distress syndrome usually have 
a disturbed vent il at ion-perf us ion ratio. The clinical 
picture of these infants generally includes hypoxemia 
(low PaOg) and acidemia (low pH). These conditions can 
cause pulmonary vasoconstruct ion and thus decr eased blood 
flow through the lung. When vasoconstruction is present 
there is increased pulmonary vascular resistance* and 
this may cause blood flow to be shunted from right-to- 
left. Shunting refers to venous blood that re-enters 
the systemic circulation without having passed through 
areas of the lung that were adequately ventilated (West 
1974) o

When there is increased ventilation to an area* 
the resultant decrease in carbon dioxide tension leads 
to local airway constriction. The constriction in turn 
reduces ventilation to that area. When there is low 
ventilation to an area* the resultant reduced alveolar 
oxygen tension leads to vasoconstriction. Local vasocon
striction in turn causes a shunting of blood to better 
ventilated areas (Avery and Fletcher 1974)= By these 
mechanisms* the ratio of ventilation to perfusion is kept 
fairly constant.
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Guyton (1971° 509) explains abnormal ventilation™ 

perfusion ratio as resulting from the following:
If the blood flow to many of the alveoli is 

blocked, or partially blocked, the ventilation 
of these alveoli is of little or no benefit in 
the aeration of the blood, and yet these, alveoli take ventilation away from the normal alveoli0

Likewise, when flow is normal but ventila
tion of many alveoli is blocked, the blood 
flowing past the blocked alveoli fails to be 
aeratedo

The vent ilation-perfusion ratio is said to be 
above normal when wasted ventilation is occurring. In 
other words, there are portions of the lung that are being 
overventilated yet under-perfused, and thus have a dis
turbed gas exchangeo The ratio is decreased when venti
lation is impaired out of proportion to perfusion, or 
perfusion is increased greater than ventilation in por
tions of the lung (Burrows, Knudson, and Kettel 1974) =

Ventilation and perfusion are both affected by 
gravityo In the normal upright lung the distribution of 
ventilation is uneven. The lower lung receives more gas 
than the upper. The reason is due to the weight of the 
lung suspended in the thorax. Perfusion of the lung is 
also uneven and it is determined by the relationship 
between pulmonary arterial, pulmonary venous, and alve
olar pressure as well as gravitational forces, in the 
erect position more blood is directed to the lung base.
In the supine position blood is distributed fairly evenly



from apex to base due to the removal of gravitational 
forceo In that posture (supine)$ however5 the posterior 
or lowermost portion of the lung is better ventilated 
than the uppermost or anterior portion of the lung (West
1974).

The PaC>2 is also affected by ventilation- 
perfusion and pressure-flow relationships and by the 
presence and degree of right-to-left shunting. Some of 
this shunting in infants with IRBS has been shown to be 
through the foramen ovale and patent ductus arteriosus 
(Helson et al0 1962). The majority of it, however, is. 
probably intrapulmonary, in that pulmonary blood may flow 
past nonventilated portions of the lung.

In summary, factors such as posture, gravity, and 
pre s sure -flow relationships will affect the ventilation- 
perfusion ratio and thus the degree of right-to-left 
shunting. These factors in turn will affect the PaO^ 
values. This study will look at PaC^ values as a re
flection of ventilation-perfusion ratios and their 
relationship to selected positional changes.

Assumptions 
This study recognizes the following general 

assumptions:
1. Ventilation-perfusion ratio inequity is a 

known cause of hypoxemia.



20 Gravitational forces will affect the 
ventilation-perfusion ratio»

3o Positional changes will alter the direction 
of gravitational forces„

Limitations
10 Generalizations can 6hly be extended to the . 

sample under study=
20 The indwelling oxygen sensing device, the

■ ' " • International Biophysics Corporation [IBG]-x- umbilical
catheter, may not always have been accurate due to the
difficulty in calibrating in absolute terms6 This study,
however, dealt only with the relative change in the PaOg
readings.

3. * Other factors may have existed in some of 
the infants studied that contributed to the noted changes 
in PaOg, e.g., presence or absence of crying, other changes 
in respiratory pattern, concommitant changes in endo
tracheal tube position, shift of abdominal contents and 
pressure on the diaphragm,"inciting of pain with its 
cardiovascular effects, and redistribution of blood to 
other areas of the circulation besides the. lung.

-"-International Biophysics Corporation (IBC),
Irvine, Calif. 92661}..



CHAPTER 2

REVIEW OF THE LITERATURE

This chapter presents a review of the literature 
in the following areas: positioning of infants and po
sitioning in relation to arterial oxygen tension (PaOg) 
and ventilation-perfusion ratio0

Positioning of Infants 
There has been discussion in the literature on 

the position of infants in relation to different facets 
of their care and treatment0 Much of the discussion 
centers around the prone versus the supine positioning 
of infants. Bayes (197^) wrote that the prone position 
may cause decreased pulmonary ventilation during sleep. 
According to her view, the prone position: is generally 
selected after feeding of infants in order to help pre
vent aspiration. However, a full stomach compressed 
between a rigid spine may contribute to increased intra
abdominal pressure and restricted diaphragmatic excur
sion. Also, the thorax while trying to expand has the 
combined weight of the spine and the shoulder girdle when 
the infant is in the prone position. According to Bayes 
{197i}-)3 placing the infant in the supine position with

10



11
the head of the bed slightly elevated seems to be far 
more "comfortablen for the baby.

Blackbill, Douthill, and West (1973) reported a 
study of the psychophysiologic effects in the neonate of 
the prone versus the supine position. Their findings were 
that infants placed in the supine position cried approxi
mately five times as long as those placed in the prone 
position. They also found that supine infants slept 
twenty-six percent less than prone infants.

Dahl and Valimake (1972) studied postural ef
fects on respiration and heart rate on fifty-two newborn 
infants. They combined impedance pneumographic record
ings of depth and frequency of respirations with electro
cardiographic recording of heart rate and rhythm, and 
concluded that respirations were most effective in the 
prone position.

Another study was carried out by Spoelstra and 
Srikasibhandha (1973) concerning the pressure-volume 
relationships of the lung and position in healthy new
borns. The prone, position was the favored position in 
this study.- The reason given was better respiratory 
mechanical conditions. According to their study, the ad
vantages of the prone position were: (1) downflow of in
flammatory nasal discharge, (2) promotion of belching,
(3) no danger of aspiration, (4) improved respiratory
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mechanical advantage, and (5) improved hemodynamics due 
to gravitational effects. The disadvantages of the su
pine position were listed as follows: (1) no outlet for
inflammatory nasal discharge5 (2) danger of aspiration/
(3) inhibition to belching, and (1}.) disfiguring of the 
lower thoracic aperture.

In the present study the researcher will not 
include the prone position. There are several reasons. 
First, the infants in the study will all have a diagnosis 
of respiratory distress syndrome and their respiratory 
status will have to be constantly monitored by the nurse.. 
In the infants who are severely distressed, turning them 
in the prone position would not permit the nurse to view 
their respirations as well as in the supine or lateral 
positions.

Another reason the prone position was not selected 
was because of the prior placement of the umbilical artery 
catheter. If an infant was extremely active and was 
placed prone lying on top of the catheter line, there is 
a chance that the catheter could be dislodged. Dislodge™ 
ment of the catheter is less likely to happen in the 
supine and lateral positions.
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Positioning in Relation to Arterial 
Oxygen Tension and Ventilation- 

Perfusion Ratio
Zack, Pontoppidan, and Kazemi (197ij-) did a study 

on lateral positioning and gas exchange in adult patients 
with pulmonary disease„ They studied the effect of body 
positions, supine, right and left lateral decubitus on 
arterial blood gases„ A group of patients, as well as a 
control group of normal volunteers, were included in the 
sampleo The findings indicated a significant difference in 
PaOg values between positions in the patient group but not 
for the control group„ In patients with one-sided lung dis
ease, lying on the "healthy" lung resulted in higher PaC^ 
values than lying on the. "sick" lung. The explanation given 
was as follows: when the "sicker" lung is dependent, the
increase in blood flow to it is not matched by an equal 
increase in ventilation. Thus the overall vent11ation- 
perfusion ratio is lowered. In patients with bilateral 
lung disease (disease distributed equally radiograph
ically) the PaC>2 values were higher when they were lying 
on the left side. The explanation here relates to the 
fact that the left lung is normally smaller in volume 
than the right lung, and the compression effect of the 
heart and mediastinum diminishes the left lung in volume 
more in the left lateral position than it does the right 
lung in the right lateral position. Thus, in the left
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lateral position the problem of decreased ventilation
would be accentuated. The result would be a lowering of
■ \  • ■

the ventilation-perfusion ratio„
Another study done by Kaneko et al, (1966) looked 

at body positions in relation to regional distribution of 
ventilation and perfusion. The positions they studied 
were supine, prone, right and left lateral. The results 
of their study showed that in normal male subjects both 
ventilation and perfusion are relatively greater in the 
direction of gravity in all four positions.

Ward et al, (1966) studied the effect of posture 
on normal arterial blood gas tensions in the aged. The 
positions used in the study were supine or flat and 
erect, A total of one hundred patients were.studied.
The patients were all over the age of sixty and had no ‘ 
demonstrable cardiac or pulmonary disease. Fifty of the 
patients were presurgical candidates and blood samples 
were taken one hour or longer after the patients were 
lying flat in bed. The remaining fifty patients were 
ambulatory outpatients and the blood samples were taken 
with the patient in a sitting position. The results of 
the study indicated that the patients in the sitting posi
tion generated significantly (p ,0,05) greater PaOg 
than the patients in the flat position. The explanation, 
according to Ward et al, (1966) for the sitting position
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being better was that the abdominal viscera impeded the 
elongation of the thoracic cavity in the supine or flat 
position.

The present study looked at all of the positions 
examined in the above mentioned studies except the prone 
position. It also included the semi-erect positions of 
supine5 right and left lateral, as explained in the 
discussion concerning gravitational forces and their 
effects on ventilation and perfusion.

r



CHAPTER 3

RESEARCH PROCEDURES

This chapter presents the design of the study; 
population sample, data collection, measurements, method 
of analysis and protection of human subjects*

Population Samples 
The population sample included nine patients from 

a Southwest regional neonatal intensive care unit. The 
subjects met the following requirements; were infants 
diagnosed as having respiratory distress syndrome, and 
already had International Biophysics Corporation [IBC ]-> 
umbilical catheters inserted*

Data Collection 
A period of six months was allotted for data 

collection. Data were collected on each infant by reading 
the arterial oxygen tension values on an IBC monitor, and 
collecting a recorder print-out of the monitor output.
The infants were placed in each of the six customary 
positions (see Appendix A) by the registered nurse work
ing in the neonatal intensive care unit. The value on

-x-International Biophysics Corporation, Irvine, 
Calif. 92664.
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17
the IBC monitor was read and the tracing collected over 
a ten= to fifteen-minute time span after each position 
change „ The sequence of the positions was randomly 
chosen from the six alternative positions for each infant. 
The patient was placed in the first position and after a 
waiting period of five to ten minutes the reading of PaOg 
in the IBC monitor was recorded on the data collection 
sheet and the tracing collected and analyzed. If auction
ing or any other manipulation of the patient became neces- . 
sary within the five- to ten-minute span, the patient, 
was suctioned and an additional five- to ten-minute time 
span was allowed before reading the monitor and collect
ing the tracing strip. The times for repositioning fol
lowed the prescribed procedure for nursing care in the 
neonatal intensive care nursery. In most instances infants 
were repositioned at least every two hours.

The infants were categorized on the data collec
tion sheet according to which"area or areas of the lung 
was or were most involved in the disease process. Three . 
categories were used— predominately right-sided lung 
disease, predominately left-sided lung disease, and bi
lateral lung disease. Radiographic determination was 
used to decide in which category infants were to be 
placed. The radiographic findings were those read by the 
radiologist on the subject’s chart. In most instances



the radiographic findings used were those that were done 
the same day that data were collected.

Me asurement s
Measurements of PaOg were determined by means of 

an IBC Multipurpose Oxygen Analyzer, displaying the out
put of an indwelling arterial oxygen catheter placed in the 
abdominal aorta of the. inf ant o The analyzer gives a 
direct read-out of the PaC^ in millimeters of mercury, 
along with a continuous trace of PaC^ when connected to 
a strip chart recorder. The wire cathode or oxygen elec
trode enters the lumen of a standard size five Argyle 
umbilical catheter. The sensing-tip of the electrode is 
usually placed about one,centimeter beyond the tip of the 
umbilical catheter into the open blood stream. The.sys
tem can be calibrated before placing the electrode in an 
umbilical vessel and can be recalibrated once the elec
trode is in place. The umbilical catheter may continue 
to be used for withdrawl of blood samples, as a route to 
measure blood pressure, and for administration of fluids,. 
medications, or blood (Harris and Nugent 1973)«

The subjects used in the study already had an 
IBC umbilical oxygen catheter in place, the indication 
being moderate to severe lung disease (requiring greater 
than forty percent ambient oxygen concentration to 
breathe)»
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The patients were observed while being reposi

tioned to the six customary positions0 Recordings of 
changes of Pa02 during these periods were occasionally 
collected.

Method of Analysis 
The data collected from each patient were re- . 

corded on a data collection sheet (see Appendix A). A 
straight forward analysis of variance was used in 
analyzing the data. The data were submitted to analysis 
by the t test statistic. The variability of the PaOg 
was analyzed in terms of the six positions used, pre
dominate location of disease, and other variables such 
as sex, gestational age, chronological age, birth weight, 
percentage of oxygen at the time of the study, and mode 
of oxygen delivery.

■ Protection of Human Subjects 
Protection for human subjects followed the guide

lines of the Department of Health, Education and Welfare. 
The study was approved by the Human Subjects Committee of 
The University of Arizona.

1. The requirements for the subject population 
of this study were infants who were patients in a neo
natal intensive care unit with a diagnosis of respiratory 
distress syndrome and already connected to an IBC monitor
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via an umbilical artery catheter for specific indications„ 
This group of patients was selected because a large per
centage of infants in a neonatal intensive care unit who 
are in need of continuous PaO^ monitoring will have a 
diagnosis of respiratory distress syndrome.

2. The research required that the infants be 
placed in six different, positions within a twenty-four 
hour period. These are standard positions and are used 
routinely in infants with severe respiratory distress 
syndrome. One of the objects of this study is to fur
ther assess the risk (as regards change in PaOg) of 
carrying out routine repositioning of the acutely ill 
infant.

3. The patients used in the study already had 
IBC umbilical artery oxygen catheters in place and were 
already being continuously monitored for Pa02<> This was 
a standard procedure at the hospital and permission for 
the placement of these catheters had already been ob
tained by the attending physician. In addition, permis
sion was obtained by the researcher from the attending 
physician to collect data from each patient.

Ij.. The benefits of doing this study relate to 
the individual patients and all such future patients in 
general. By. studying the relationship between position
ing and PaOg, a significant contribution to the body of
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knowledge upon which judgments are made when nurses care 
for infants with respiratory distress syndrome may have 
been rendered0

The risk physiologic ally, psychologically and 
sociologically involved in turning patients, which is 
part of normal nursing care, was thought to be minimal in 
contrast to the benefits that can be gained.

60 All of the infants used in the study were 
assigned a code number that was used throughout the study. 
Ho personal information about a baby or its parents was 
collected.



CHAPTER i}.

PRESENTATION OF DATA

The purpose of this chapter is to present and 
analyze the data. The following discussion will focus 
on the relationship between positioning and arterial 
oxygen tension [PaOg] in infants with idiopathic 
respiratory distress syndrome [IRDS],

: Characteristics of the Sample
The patient sample consisted of nine neonates 

with the diagnosis of IRDS„ The infants were studied 
while in the neonatal intensive care unit of a south
western university hospital0 In addition to analyzing 
positional change/ the significance of the following 
variables were also evaluated? gestational age5 chrono 
logical age, sex, and birth weight.

The gestational age ranged from 29 weeks to 37  

weeks. The chronological age varied from one to seven 
days. Five of the subjects were females and four were 
males. The subjects? weight varied from 1030 grams to 
295>5 grams (see Table 1),

22



Table !« Gestational and Chronological Age, Birth 
Weight and Sex of Subjects

Gestational Chronological Birth Weight 
Subjects Age (Weeks) Age (Days) (Grains) Sex

1
35 2 1575 female

2 32 2 i55o female
3 32 1 1825 male
4 29 1 1030 male
5 37 1 -; 2955 male
6 34 7 1515 female
7 34 1 2350 male
8 35 2 2220 female
9 35 • 4 2050 female

Mean 34 2 1897



Mode of Oxygen Delivery 
The concentration of oxygen given to the subjects 

ranged from 21% (room air) to 95$. Oxygen was delivered 
through a Bourns* ventilator5 nasal continuous positive 
airway pressure [CPAP] circuit, or into an oxygen hood. 
Subjects on the Bourns ventilator had either a nasal or 
oral endotracheal tube in place. Subjects on nasal CPAP 
received oxygen through nasal adaptors (see Table 2)„

Position Change in Relationship to 
Arterial Oxygen Change

The semi-erect positions analyzed were supine, 
right lateral and left lateral. The flat positions were 
supine, right lateral and left lateral. PaOg mean values 
for each position of the subjects was. obtained from the 
trace recording (see Table 3). The mean was derived by 
averaging four points from the trace for each position. 
The points obtained from the trace were the beginning or 
starting points, the last or end value, and two points in 
between, equal distances from each other and equal dis
tances from beginning to end.

Analysis of Data 
The range of the trace recording for each, subject 

was evaluated and the difference between the highest and

-x-Bourns, Inc., Life Systems Division, 9335 Doug
las Drive, Riverside, Calif. 92503.
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Table 20 Oxygen Concentrations, Mode of Oxygen Delivery 

and Route of Administering Oxygen

Subjects
Percent Oxygen Con

centration
Mode of
Oxygen
Delivery

Route of 
Administration

1 85 Bourns Nasal endotracheal 
tube

2 45 Bourns Nasal endotracheal 
tube

3 95 Hasal CPAP Nasal adaptor
k 21 Nasal CPAP Nasal adaptor
$ 30 Oxygen hood
6 25 Bourns Nasal endotracheal 

tube
7 55 . Oxygen hood
8 95 Nasal CPAP Nasal adaptor
9 70 Bourns Oral endotracheal 

tube

Mean 58
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Table 3= The Mean of PaOp of the Three Semi-Erect 

Positions and the Three Flat Positions

Semi-Erect Positions Flat Positions

Subject Supine
Bight
Lateral

Left
Lateral Supine RightLateral LeftLateral

1 59 72 78 71 69 85
2-x- 46 66 70
3 79 61 68 80 65 60
4 73 72 70 72 73 70

96 90 72 87 88 79
6 100 109 110 83 107 108
7 85 69 83 74 61 83
8 41 50 60 45 52 70
9 55 71 63 53 68 60

Mean-x- 74 74 76 71 73 77

-x-Mean does not include Subject #2. Subject #2 
was not tested in the flat positions due to the request 
of the physicians„



lowest Pa02 value was also calculated. The data of the 
subjects were then submitted to analysis by the t test 
statistics and analysis of variance.

Results
The PaOg of the three semi-erect positions ranged 

from a PaOg of ijl millimeters of mercury [mm Eg] to 110 
mm Eg. The PaOg of the three flat positions ranged from 
a PaOg of 45 mm Eg to 108 mm Eg (see Table 3) ° A mean of 
all three positions is included in Table 4* along with 
the differences between the means of the combined semi- 
erect and flat positions. The difference between the 
highest and the lowest PaOg for each position and subject 
varied from a value of 8 ram Eg (subject #14.) to a value of 
1}.2 mm Eg (subject #8) (see Table .

No statistically significant differences (p<f 0.05) 
were obtained between the serai-erect versus the flat posi
tional changes and Pa02« There was, however, an overall 
tendency (5 out of 8 subjects) for the subjects to 
generate a higher Pa02 in the semi-erect positions as 
opposed to the flat positions, when comparing the Pa02 of 
the three positions in the flat and serai-erect positions 
(see Tables ij. and 6).

Furthermore, the analysis of the data failed to 
show statistically significant correlations between the 
mean PaC^ in any one of the six positions and the



Table i|.0 The Mean PaOg of All Three Semi-Erect Positions 
and. All Three Flat Positions Combined

Subject
Combined Mean 
of Semi-Erect 
Positions

Combined Mean 
of Flat Posi

tions Differene

1 68 75 -7
2* 61 0
3 69 68 +1
ij- 72 72 0
5 86 +2
6 • 106 99 +7
7 79 72 +7
8 50 56 -6
9 63 60 +3

Mean IK 73

-x-Subject #2 was hot tested in the flat positions 
due to the request of the physicians.
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Table 5® Range of Trace Recording for Each Subject,
Including the Highest and Lowest PaCU Values 
for All Positions, and the Difference

Subject
Highest PaOg 

in mm Hg
Lowest PaOp 

in mm Hg Difference

1 94 57, 37
2* 73 il4 29
3 84 58 26
V 77 69 8

- ' 3 97 70 27
6 112 • 71 41
7 90 62 28
8 78 36 .42
9 74 50 24

Mean 87 57 29

-"-The range for Subject #2 only includes the 
three semi-erect positions,



additional variables studied, - i.e., gestational age, 
chronological age, sex, birth weight, percentage of 
oxygen at the time of the study and mode of delivering 
oxygen (see Table 7). Each subject was then analyzed 
on an individual basis and explanations suggested as to 
the changes observed in PaOgo '

Table 6. t Test: Combined Mean of the Semi-Erect and
Plat Positions

Position Mean t V alue Significance

Semi'“Erect 74
.01 HS at 0.05 

level (1.860)
Flat 73



Table 7o Analysis of Variance
31

Supine Right Lateral Left Lateral
Semi-Erect

Gestational Age F= „4681
s= 06473 F=lol647 s= .3738 F=1o2544S= o3506

Chronological Age P= 3.2994 S= .1371
F=10 0396
s= .4855

F=2 0 2143 S= ,2301
Sex F-12.9484 S= 0OO67 F= ,9853 s= 04266 F= 08667s= .4670
Mode.of Deliver
ing Oxygen

F= 3.3503 
S= .1099

F= o0024 
S— .9620 ■- F= .0773 s= .7890

Flat
Gestational Age F= .7780

s= .5007 F= .7151 s= 0 5266 F= .1082
s= 08992

Chronological Age F= .6458 
s= 06589

F=1.008ls= .4970
F=1.8585
s= 0.2815

Sex F- 3.5513 S= .0960 F=2.0523 
S= .2094

F= 0878Os= ,4630

Mode of Deliver
ing Oxygen

F- .2,9211
S= 0131.2 F=306771s= .5637 F- .1575 

S= .7033

P = F Ratio Value
S = Significance Level



CHAPTER £

CONCLUSION OP THE STUDY

This chapter includes = interpretation of findings5 
implications for nursing, and recommendations for future 
study.

Interpretation and Discussion 
of the Findings

The hypothesis that all subjects would generate 
a higher arterial oxygen tension (PaOg) in the semi-erect 
position as opposed to the flat positions was rejected 
for lack of statistical significance (p -C 0,05) in the 
present study. However, subjects #3, #5-, #7 and #9 gen
erated their best PaOg (using the mean of all three posi
tions) in the semi-erect positions (see Tables l\. and 6), 
Thus, there was an overall tendency for the inf ants, to 
generate a higher PaOgin the semi-erect positions, albeit 
not statistically significant (see Tables 3 and 6), Sub
ject #2 was not tested at the request of the physician 
in the flat positions; therefore, no generalizations are 
made for this subject (see points 3 and if. under Protec
tion of Human Rights, p, 20),

One explanation of the tendency to generate a 
higher PaO^ in the semi-erect positions is based on the

32
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study of Ward et al„ (1966) who studied normal elderly 
subjects in the flat and erect positions„ Ward et al0 
(1966) suggested that the increased PaOg was due to ab
dominal contents impeding the elongation of the thoracic 
cavity in the flat position, thereby increasing the work 
of breathing and decreasing the PaOg* In the semi-erect 
positions the drop of abdominal contents provides better 
expansion of the thoracic cavity resulting in increased 
PaOg.

The second hypothesis which stated, that infants 
with bilateral lung disease (evaluated radiographically) 
would generate their best PaC^ in the semi-erect position 
of right lateral was rejected in the present study. 
Subjects #2, #3, #7 and #9 had bilateral involvement
by radiographic findings (see Table 8), but only subject 
#9 had the highest PaOg in the right lateral semi-erect 
position.(see Table 9)= Zack et al, (1974) suggested 
that when subjects had bilateral lung disease (disease 
distributed equally radiographically) the PaO^ value 
would be higher when placed in the right lateral position. 
This explanation relates to the fact that the left lung is 
normally smaller in volume than the right lung, and the 
compression effects of the heart and the mediastinum 
diminishes the left lung in volume more in the left lat
eral position than it does the right lung in the right 
lateral position.
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Table 8. Radiographic Findings on Chart

Subject Findings#

.1 Bilateral chest tubes „ Loss of volume noted in
the left lower lobe region. Right lung has im
proved expansion in this film.

2 Generalized granular hazy infiltrate involving 
all lung regions with prominent air bronchogram 
formation.

3 Hyper aeration and increase in the parenchmal 
density bilaterally.

If. Lungs . were clear at this time. There was sig
nificant gaseous distention of the bowel and 
it was felt that the infant was developing 
necrotizing enterocolitis.

5 There are changes in both lungs suggesting 
early, respiratory distress syndrome. There is . 
increased parenchymal density bilaterally 
though air bronchograms are not particularly 
prominent.

6 Severe respiratory distress syndrome and some 
evidence of interstitial emphysema visualized 
best in the right upper lobe region.

7 Airbronehogramj early minimal respiratory distress syndrome.
8 Minimal granularity and bilateral basilar 

broncho grams are noted. : Right pneumothorax 
with chest tube in place.

9 The lungs are extremely opacified with a very 
dense ground glass appearance and air broncho
gram formation. On the lateral view there is 
mottled lucency through the lungs. This might 
represent the beginning of interstitial emphy
sema.

-x-The most recent radiographic report on the sub
jects* chart at the time the study was conducted.
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Table 9o Position or Positions Generating the Best
Pa0o Value 2

Subject Positions PaOo 
mm Eg

1 Left lateral flat 85
2-x- Left lateral semi-erect 70
3 Supine flat 80
k Supine semi-erect and right 

lateral flat 73
5 .Supine semi-erect 88
6 Left lateral semi-erect 110
7 Supine semi-erect 85
8 Left lateral flat 70
9 Right lateral semi-erect - 71

Mean 8l

-x-Subject #2 was only tested in the semi”erect 
position.
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All subjects had some degree of bilateral lung 

disease and could not be categorized as predominately 
left or right, sided lung disease. Therefore, the third 
and fourth hypotheses could not be evaluated in this study 
predicting the effects of position on PaOg in cases of 
predominately left or right sided lung disease.

Lack of consistency with position change for each 
infant could occasionally be explained by radiographic 
findings. Even though there was bilateral lung disease 
found in all subjects, some of the infants were compro
mised by local disease (subjects #1, #6 and #8), Sub=> 
jeot #1 demonstrated bilateral pneumothorax; subject #6 
had some evidence of interstitial emphysema localized 
predominately in the right upper lobe and subject #8 had 
a right pneumothorax (see Table 8), It was predicted that 
subject #6 would generate his best PaOg iu the left lat
eral semi-erect position. The subject did indeed have 
his highest PaO^ in the left lateral semi-erect position.

The radiographic interpretation of subject #4 at 
the time of the study was that the lung fields were clear 
The semi-erect positions should, therefore, have been 
better than the flat positions. The trace recording ob
tained showed virtually no difference ±2 mm Hg in any 
position. Due to the pattern of the tracing, it was the 
judgment of the physician that the monitor was
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malfunctioning and no conclusion could be drawn regarding 
the patient’s response to positioningo

Implications for Nursing 
The conclusions of the study indicate that infants 

with idiopathic respiratory distress syndrome [IRDS] do 
not respond uniformly to positioning and that there is no 
one best position for all infants. Since there is a 
tendency for the infants to generate a higher PaOg in the 
semi-erect positions as opposed to the flat positions, 
all the semi-erect positions might be safer to use in 
positioning infants with IRDS, The one best position 
for each infant must be individualized, and the nurse can 
determine the best position by a combination of radio- 
graphic findings, clinical picture of the infant, and 
continuous monitoring of PaOg^

Recommendations for Future Study 
lo Repeat the study with continuous monitoring 

of PaOg before, during, and after position change. More 
information might be gained from observing the fluctua
tion of PaOg during the actual positional change, as well 
as during the patient equilibration time after each posi
tion change,

2„ Repeat the study and include breathing pattern 
of the subjects during positioning to determine if respi
ratory pattern correlates with PaOg.
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3° Repeat the study using another continuous 

monitoring device that could monitor arterial carbon 
dioxide tension [PaCOg] as well as PaOg. This would 
allow perception of Pa02 changes, secondary to changes 
in.minute ventilation as reflected by PaCOg.

i{.0 A study of the relationship between PaO^ and 
postural drainage with clapping and vibration could be 
done on infants with IRDS 0 Such a study could demon
strate the effects of chest therapy on the subject * s 
level of oxygen tension.



CHAPTER 6

SUMMARY

Nine neonates with a mean gestational age of 311- 
weeks and idiopathic respiratory distress syndrome [IRDS ] 
were studied at a southwestern university hospital. All 
of the subjects had radiographic findings of bilateral 
IRDS. The purpose of the study was to provide informa
tion on the relationship between repositioning and changes 
in arterial oxygen tension [PaOg].

All subjects in the study already had IBC umbil
ical oxygen catheters inserted prior to being considered 
for entry into the study. The infants were randomly 
placed in.six customary positions by the staff nurse in 
the neonatal intensive care unit. After each position 
change, a waiting period of from five to ten minutes was 
allowed before beginning data collection. At the end of 
the allotted time limit, the value on the IBC monitor was 
read and recorded, and a trace recording of PaO^ was made 
over the next fifteen-minute time span.

The data were submitted to analysis by the t test 
statistic and an analysis of variance. The t test was 
used for determining the significant difference between 
the combined mean PaOg of the semi-erect and flat posi
tions. The analysis of variance was used for the
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correlation between the six positions and the variables 
of gestational age, chronological age, sex and mode of 
delivering oxygen, Neither the t test nor the analysis 
of variance were statistically significant (see Tables 
6 and 7)»

Each subject was then analyzed on an individual 
basis and explanations suggested as to the changes in 
PaOg. Only subject #9 did exactly what was predicted in 
the various hypotheses. Although no statistical signifi
cance was demonstrated, the changes observed Were of 
clinical importance. There was a tendency for the sub
jects to generate a higher PaOg in, the semi-erect posi
tions as opposed to the flat positions.

Further studies are recommended to determine the 
relationship between positioning and continuous measure
ment of PaOg in infants and children of other disease 
categories. Findings of future studies could further 
contribute to nursing judgments concerning positioning 
of infants and children, .



APPENDIX A

DATA COLLECTION SHEET

Arterial Oxygen Tension Reading from the IBC Monitor 
Child*s Code Number__
Date
Gestational Age

Semi-Erect Flat

Rt„ Lfto Rt0 Lfto
Supine Lat, Lat, Supine Lat „ Lat»

Predominately 
Right Sided Lung Disease
Predominately 
Left Sided 
Lung Disease
Bilateral 
Lung Disease

Days post delivery________ '
Other disease states present
Birth weight _____ _Sex • •
Percentage of oxygen at the time of study 
Mode of oxygen delivery________

hi



APPENDIX B
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DATA COLIEGTION SHEET, RADIOGRAPHIC FINDINGS
AND RECORDER PRINT-OUT, SUBJECT 1

ij-2
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Data Collection Sheet

Child’s Code Number 1 
Date 6/13/75 
Gestational Age 35 wks 0

Serai-Erect Flat

Rt o Lft „ Rt. Lft.
Supine Lat„ Lat o Supine Lat. Lat.

Predominately
Right Sided
Lung Disease
Predorainately
Left Sided . -
Lung Disease
Bilateral
Lung Disease 57 70 76 70 70 78

Days post delivery 2
Other disease states present -parietal cephalhematoma; 

hypermagnesmiai bilateral pneumothorax:; bilateral 
chest tubs 

Birth date 6/11/75 
Birth weight 1575 gm Sex female .
Percentage of oxygen at time of study 85^
Mode of oxygen delivery Bourns Respirator, nasal endo-

tracheal tube
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Radiographic Findings

Chest x-rays 6/13/75 
Impression: RDS

There are bilateral chest tubes in place.
There is a suggestion of some loss of volume of the 
left lower lobe, Again the pneumomediastinum is noted. 
There is improvement in the expansion of the right lung 
on this examination.



Recorder Print-Out

Pii?i • > m  U -k:



APPENDIX C 

SUBJECT'S CONSENT

Summary of Research Procedures Project Title; The Rela- 
and Demands In Lay Language tionship Between Posi

tioning and Arterial 
'■ Oxygen Tension in Infants

with Respiratory Distress 
Syndrome

15 Sharon Ennis5 a graduate student in nursing 
at The University of Arizona3 am conducting a study con
cerning the effects of position changes on oxygen levels 
in babies such as yours that have breathing problems„
The knowledge of which positions are best for increasing 
the amount of oxygen in your baby's blood may help nurses 
provide better care for babies with breathing problems.

Your baby’s participation in this study involves 
observing him/her in each new position that he/she is 
placed in by the nurse during a twenty-four hour period. 
All of the positions that I will observe your baby in 
are routine positions that are used in all babies with 
breathing problems; they include turning the baby from 
side to side and with his/her face up and with the baby 
tilted slightly up or down. After the baby is turned in 
each new position, I will read the amount of oxygen in 
your baby’s blood on the monitor that has been connected 
to the plastic tube already in your baby’s naval. You 
have previously given the doctors permission to place 
that tube (umbilical catheter).

You can be assured of the confidential handling 
of the information obtained in this study. Your baby’s 
name will never be used. The information will be coded 
and analyzed by a computer.

The risks involved in participating in this study 
are no more than the risks involved in normal nursing 
care of your. baby. In fact, one of the objects of this 
study is to further evaluate the risks of the changes

M
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normally brought about by routine repositioning of in
fants with breathing problems„

If you decide not to let your baby participate 
in the study or withdraw your baby from the study at any 
time, it will not change your relationship with any doc
tor or nurse or affect the quality of your babyf s 
treatment or care. I will be available to answer any 
questions you may have about the study at any time.
There is no additional cost to your baby for participa
tion in this study.

If you understand what is involved and you con
sent to let your baby participate in this study, please 
sign your name below.

The nature, demands, risks and 
benefits of the project have 
been explained to me and I un
derstand that I am free to ask 
questions and withdraw from 
the project at any time with
out affecting my relationship 
with any institution or person.

I have carefully explained 
to the subject’s parents the 
nature of the above project.
I certify that to the best of 
my knowledge the subject 
signing this consent form 
understands clearly the nature, 
demands, benefits and risks 
involved in his participation 
in this study. A medical 
problem or language or edu- 
cational barrier has not pre
cluded a clear understanding 
of his/her involvement in 
this project.

Subject’s Signature

Signature of Parent 
or Legally Authorized 
Representative

Date

Inve stigator’s 
Signature

Date



APPENDIX D 

LETTER GRANTING APPROVAL FOR RESEARCH

May 22, 1975

Ms „ Sharon Ennis 
4322 Goldfinch 
Houston, Texas 77035
Dear Ms0 Ennis, .
The Human Subjects Committee has reviewed and approved 
your proposal entitled "The Relationship Between Posi
tioning and Arterial Oxygen Tension in Infants with 
Respiratory Distress Syndrome," effective May 21, 1975.
The Human Subjects Committee is available to consider 
any problem which might arise with regard to the use 
of human subjects, and further you are advised that any 
changes from the procedures proposed in your project as 
approved require, review by the Committee „ You must also 
report to the Committee.any physical or psychological 
injury to the subjects which results from their partic
ipation in the project.
If we can be of further assistance in this or other 
matters, please feel free to call or write. (For 
future reference, your proposal has been assigned file 
number 75-66.)

Sincerely, . -

Thomas Weaver, Ph. D „ 
Chairman
Human Subjects Committee

48



SELECTED BIBLIOGRAPHY

Avery, Mary Ellen» "Prenatal Prediction of R.D,,n 
Hospital Practice, Vol. 6, Ho. 11, November 
1971, p. 9o

Avery, Mary Ellen, and Barry D. Fletcher. The Lung and 
Its Disorders in the Newborn Infant. Philadel
phia, Pa.: ¥. B. Saunders Company, 1974.°

Avery, Mary Ellen, and Jere Mead. "Surface Properties 
on Relation to Atelectasis and Hyaline Membrane 
Disease," A.M.A. Journal of Diseases of Children, 
Voli 97s M"ay~1959s PP° 517-523.

Bayes, Beverly J. "Prone Infants and SIDS," The New
England Journal of Medicine, Vol. 290,. No. 12, 
March 21, 1974s PP« 693-694°

Blackbill, Yvonne, Thomas C. Douthill, and Helen West. 
"Psychophysiologic Effects in the Neonate of 
Prone Versus Supine Placement," Journal of 
Pediatrics, Vol. 82, No.. 1, January 1973s PP°

™  .

Burrows, Benjamin, Ronald J. Knuds on, and Louis J.
Kettel. Respiratory Insufficiency. Chicago, 
111.: Year Book Medical Publishers, 1974-

Clements, J. A, "aarface Tension of Lung Extracts," 
Proceedings of the Society for Experimental 
Biology and Medicine, Vol. 95^ ~September~~1957s
pp. 170-172.

Comroe, Julius. Physiology of Respiration. Chicago,
111.: Year Book Medical Publishers, 1974°

Dahl, M., and I. Valimake. "Postural Effect on Respira
tion and Heart Rate of Newborn Infants," Biology 
of the Neonate, Vol. 20, No. 3, September 1972, 
pp. l6l-l69°

Felman, Alvin H., Barry V. Kirkpatrick, and Donald V.
Eitzman. "Blood Gas Studies in Neonatal Res
piratory Distress," American Journal of.Roent
genology Radium Therapy and Nuclear Medicine,
Vol. 120, No'. 2, February 1974, PP° 279-284°

49



5°
Glucks L0 <j E0 K 0 Motoyama5 Helen L. Smlts, and Marie V„

Kulovicho "The Biochemical Development of Surface 
. Activity in Mammalian Lung," Pediatric Research, 
Vol. 1 (1967), pp. 237-246.

Gluck, L.' "Pulmonary Surfactant and Neonatal Respira-tory Distress," Hospital Practice, Vol. 6, No. 11, 
November 1971, pp. "

Griffith, Gwyn. "Respiratory Difficulties in Low Birth 
.Weight Infants," Nursing Mirror and Midwives 

Journal, Vol. 13^, No. 13, "September 13, 1972,
pp. 17-18.

Guyton, Arthur C. Textbook of Medical Physiology. l}.th 
ed. Philadelphia, Pa.: W. B. Saunders Company,
1971.

Harris, Thomas R., and Michael Nugent. "Continuous
Arterial Oxygen Tension Monitoring in the Newborn 
Infant," The Journal of Pediatrics, Vol. 82, No.
6 (1973), PP. 929-939.

Hass, Leonard. "Respiratory Difficulties in Low Birth 
Weight Babies," Nursing Mirror and Midwives 
Journal, Vol. 137,^674, July 27, 1973, pp. ^2-

James, L. S., and K. Adamsons, Jr. "Respiratory Physiol- 
• ogy of the Fetus and Newborn Infant,” The New

England Journal of Medicine, Vol. .271, No. 25, 
December 2l\.s 196$a, pp. 1352-1360.

"Respiratory Physiology of the Fetus and
Newborn Infant" (concluded). The New England 
journal of Medicine, Vol. 271, No."27,' December 
31, 196#, pp. 14.03-14.09.

Kaneko, IC., J. Milic, M. B. Emile, Dolovich A. Dawson, 
and D. V. Bates. "Regional Distribution of 
Ventilation and Perfusion as a Function of Body 
Position," Journal of Applied Physiology, Vol. 
21, No. 3, May 1966, p p r W F T n % ~

Karlbery, P., R. B. Cherry, F. E. Escardo, and G. Koch. 
"Respiratory Studies in Newborn Infants," II, 
Acta Paediatrica, Vol. £>1* March 1962, pp. 121-
136. :



51
Kurape, Mary, and Lenard Kleinman. "Care of the Infant

With RDS,n Nursing Clinics of North America, Vol. 
6 , No. 1, March 1971# pp. 25-37.

Nelson, N. M. "On the Etiology of Hyaline Membrane
Disease," Pediatrics Clinics of North America,
Vol. 17, No. I]., November 1970, pp. 91+3-965.

Nelson, N. M., L. S. Prod’hom, R. B. Cherry, P. J. Lip-
sity, and C. A. Smith. "Pulnonary Function in
the Newborn Infant," II: "Perfusion Estimation
by Analysis of the Arterial-Alveolar Carbon 
Dioxide Differences," Pediatrics, Vol. 30, No. 6 , 
(1 9 6 2), pp. 975-989.

Prod'hom, L. S., J. M. Choffat, N. Frenck, M. Mazoumi,
P. Relier, and J. Torrado. "Care of the Seriously 
111 Neonate with Hyaline Membrane Disease and 
with Sepsis (Sclerema Neonatorium)," Pediatrics, 
Vol. 53# No. 2, February 1974# PP. 170-l8l.

Spoelstra, A. J. G., and S. Srikasibhandha. "Dynamic 
Pressure-Volume Relationship of the Lung and 
Position in Healthy Neonates," ACTA Paediatrica 
Scandinavica, Vol. 62, No. 2, March 1973, pp. 
1 76-1 8 0.

Usher, Robert H. "Risk of Respiratory Distress Syndrome 
Related to Gestational Age, Route of Delivery, 
and Maternal Diabetes," American Journal of 
Obstetrics and GynecoloRy, Vol. Ill, No. 67 
November 15# 1971# PP. 826-8 3 2.

Ward, Richard J, Andrew G. Totas, Ronald J. Venveniste, 
John M. Hansen, and John J. Bonica. "Effects of 
Posture on Normal Arterial Blood Gas Tensions in 
the Aged," Geriatrics, Vol. 21, February 1966, 
pp. 139-143.

West, John B. Ventilation/Blood Flow and Gas Exchange.
2nd ed. Oxford, London: Blackwell Scientific
Publications, 1970.

West, John B. Respiratory Physiology. Baltimore, Md.: 
Williams and Wilkins Company, 1974*

Zack, Michael B., Henning Pontoppidan, and Homayoun
Kazemi. "The Effect of Lateral Positions on Gas 
Exchange in Pulmonary Disease," American Review of 
Respiratory Disease, Vol. 110, No. 1 (1974), PP.1+9-^.




