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It has been thought that in order to obtain accurate

A .

rpulmonary artery pressure (PAP) data the patient must be
;supine flat although 1imited research has been conducted to"
'i‘support this view S Critically ill patients require head -up
:and side back 31de positioning in order to prevent a: number
‘\of‘cogplications_assdciated with immobility;'TSince the

pulmonary~artery préssures'are routinely measured in the

SE

supine flat poSition, and patients are,not necessarily found

in a supine position, a patient with a pulmonary artery (PA)

~

catheter may require more frequent repositioning which may

compromise the patient’s rest as well as add to the patient's

physical and emotional stress. - ' A major problem in monitoring

‘patients in lateral positions is a lack of knowledge, of an

appropriate zero reference for the adjustment of the heéight of
) . P 4 .

the pressure transducer.: A repeated measures experimental

study vas conducted on a convenieﬁce sample of 40 post-

cardiovascular .surgery patients to determine the variations in

 the pulmonary artery systolic and diastolic pressures

associated with~30‘degree lateral positioning'using 3
adjustments\of“thebpreSSUre transducer; The transducer
adjustments\included thevsupinevﬁhiehostatic aais,;the right
lateral'phlebostatic axis; and the‘mid-sternu?:> |
"Althoughvstatisticaily signiﬁicant Qariationslin PAf.ueré

found using all 3 of the transducer‘adjustments in the lateral
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, poéitions (P=0.000), thé PAP vafiatibns were clinically

insignificant using the supine phlebostatic gxis'(ﬁean.PAP

systolic, changes < 5 mmHg, mean PAP diastolic changes <

4mmHg).‘fhe results of this research indicated that in most

-

' “ ‘ : ,
subjects, the supine phlebostatic axis may be a useful

- reference for the tfansduéerxadjustment allowing clinically

.
a

accurate moqitoring—of the PA_systolic and diastolic pressures
with the patiént in a 30 degree lateral position. ‘A ®areful
record of the paéieﬁt'é position and-the'PAP‘obtaingd may help
ﬁurses to idehtify paﬁients whé could be acduratély monitored
in a 30 degree lateral angle and thus spared some of the
disrﬁptive repositioning that is cuf}éntly reéommendéd in
order to obtgin~PAP'data. ‘Replicatians of this research on’a

variety ofvpatient'populations would have to be conducted in

order to ‘strengthen the external validity of the study.

)
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INTRSDUCTION

Background and Statement of the Problem

~

o

Continuous monitoring of right and (indirectly) left
_heaft pressures became possible with the introduction of the
flo@ directed'balloon tipped, pulmonary artery (PA) cat:. er

’ L

N
developed in¢l1970 by Swan and his associates. ‘Suitable

positioning of this light weight catheter is accomplished by

s N

inflating the balloon, located at the tip of the catheter, and

allowing the blood flow to carry it through the right heart
chaﬁbers‘inéo a branch of the pulmonary arEery ‘(Appendix A).

'Utilizing this'caﬁhétef, kéy indicators of intravascular
spatué including riéht atrial préssurg}(RAP)} pq}momgiy
artery pressures (PAP); pulmonary artery'd?dge preﬁs&te
(PAWP), and ca;aiac ougput (CO) by the thérmodilutional
te;hnique can be obtained (Appéndicés B & C). This |
information may then be utilized to monitor and guide

- therapeutic intefvenfions in critically ill paﬁients (Daily &
Schroeder, 1985).

-F

Meésuring and assessing data that is provided via the PA

}

' catheter has become a commgn critica#t care‘nursing
responsibility (Holmes, 1982; Torrez, 1982). Often, during
the first 24 hours aft;r caéheter insertion, data are required
every 30 to 60 minutes and cruciai decisions regarding
-patieht management r;st on‘thé éssumption £hat these\data are

- accurate (Chulay & Miller, 1984; Woods, Grose, & Laurent-

<
4
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Bopp, 1982). In order to obtain valid data from the,
catheter, it has been thought that the patient must be placed
supine (Hudac, Lohr, & Gallo, 1977; Klevin,1984; Woods,

Grose, & Laurent-F .pp 1982). However, critically ill petients,

.often require placement in positions with their head rest
elevated to optimize lung mechanies-and prevent aspiration
(American Associetion of Critical Care Nurses 1985"King,
i984). In addition, they require placement in side-back-side
positions to prevent a number of .ompli-ations 2§§ociated

‘ with immobility such as, pressure sdres (Gosnell, 1973;

| Edmonds, 196?; Kottke, 1965) and emotional deterioration
wwade, 1967). Since the PAP are only measured in the supine
- position, a patient with a PA catheter requires frequent
repositibning which may compromise the patient’s rest as weli
as ‘add to his/her phyeieel and emotional‘stress (D1lin,
Rosen,Dickstein, Lyons, & Fischer, 1971; Downs, 1974).

It WOuld’be of benefit if valid PAP readings could be
obtained_with'petients in'latergl recumbent poeitions
Patients with PA catheters may not require.the frequent
returning to the supine position for the nurse to obtaln
valid PA data. These.patients could be alloyed more
prolonged periods of‘uninterrupteo rest even at times when
pressures are being recorded at frequent intervals. Therefore,

it would be helpful to know how valid the PAP reedings are



'

v,

position as compared‘;zéh PAP readings obtained with the

patient in a supine position.

Statement of the Purpose

B ¢

Critically 111 patients with PA cathéters require periods.

iwof uninterrupted rest as well as accurate ‘assessments of their
- PAP data. The purpose of this study was to increase our\\

understanding of means by which nurses may obtain valid PAP

© data. - .
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LITERATURE REVIEW

3

" The purpose of this literature review is to present an

overview of previous research that has been done in the area

3 ¥
v‘of patient positioning and its &ffect on measured vascular .

pressures and flow as well as to identify other factors known
to effect the validity of PAP measurements. A bfﬁef critique
Mof 18 studies that were reported in the literature are
presented in three major'sections including: 1) postural
changes and CO, 2) backrest positional chauées and central
vascular pressures, and 3) lateral positioning and PAP;
Following the critique which offers the major strengths and
weaknesses of these studies, some of the chief recomuendations
which were drawn from the review of the literature ere put
forward. This includes a_discussion of factors known to
effect the validity of PAP measureuents. Finally, the

assumptions, research objectives, and the theoretical

framework upon which the study is based are oresented.

ostu anges and Ca diacﬂaut u
Rapaport, Wong, Escobar, and Martinez (1966)1-Prakash,
Parmley, Dikshit, Forrester, and Swan (1973), and Grodenf‘
(1969) studied the effect of various backrest‘elevations on
cardiac output (CO). Using the thermodilution technique,
Rapaport and his colleagues (1966) found a significautf

decrease in the CO of 8 patieﬂts with no cardiovascular
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‘disease following pos t““on changes from supine flat to 60

degrees head-up. Howewver they found no signifiéant variatioﬂ
in COvin é subjects with conge;ﬁive heart,failure._Rapaport
and his associates (1966) suggested that patients Qith.
congestive heart ‘failure may not demonstrate drops In CO due
to graVitatibnal pooling of blood becagse they often have aﬁ
overall expansion of plasma volume seconéary to salt aﬁd water
retention.. Furthe;more,»Rapaport et al. (1966) state that
e&ema as well as possible ghanges in venomotor tohe méy _
decrease‘ghe.gravitational pooling in the venous system which

is thought to causé the changes in CO with postural changes.

Aléo(hsing the thermodilution technique, Prakash and his

N

co-workers (1973) determined that position variation from

sdpiné flat to 70-degrees head-up‘brought about‘ﬂo §ignificaét
changé-in co in 14. subjects with recenﬁ\myoéérdial‘infarctiong
(MI). Using the dye dilution ?echnique, Grodén (1969)
meésured CO in 31 subjectstwith whom he,al;erﬁated the
seqhence of backrest ﬁositiéns‘so-;hat subjects were examiﬁe&
in the 45 degree headFQp or the flat positign first.

Groden’s (1969) findinés conflict with those of Rapapbft et

al. (1966), and Prakash et al.(1973) in that he found

. statistically significapﬁ changes in CO in post MI patients

who had evidence of p@lmonary‘edema. Because these studies
used different methods for determining CO, as well as

differan;»patient populations, it i§_difficult to compare
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their results. Only Groden controlled for the potential

effect of the sequence of positional changes. All used small

samples limiting the generalizability of their results.
Crose, Woo&e,’and4iaurent (1981), and Klevih (1984)\

conducted similar studies in that each group examined the..

relationship between positional changes (supine flat and 20-

'degree head-up) and CO measured by the thermodilutional

technique in 30 cr}ticallyiill patients. The results of these '

two ‘studies conflict. Grose, Woods, and Laurent {1981)‘found

" that the CO of theiresubjects did not significantly vary with

Va

‘ sigﬂificant;

position change?_ Although Klevin (1984) determined that the

oe] varLACion of her subjects (.16 Liters per minute) was /

stati%tically significant, she concluded that this veriation
was not clinically significant.

ﬁhitman, Howaeiak, and Verga (1982) compated the CO of 50
postoperative adult cardiac surgical patients in supine 20-
degrEe head-up and 20-degree right and left lateral recumbent
positionsﬁ' They randomly assiéned subjects to one of six
sequences of the three positions. Using analysis of

variance, they found CO to be significantly higher only in the

left lateral position. However, because Whitman et al. (1984)

found no variations in CO greater than .2 liters per minute,

they concluded that the variations were not clinically

2

In a similar study of 51 postoperative adult cardiac

i
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patients, Dracup and Doering (1988) compared the CO variation
of subjects as they moved from a supine,to‘a 45 degree angle
in the left and right lateral position. These researcﬁers
found that 45.1% of their patients demonstrated variations in
Cco thaéiwere greaﬁer than 10%. The changes in 60 were ‘
consider;d to be ciinicélly and statistically significant.

~

Subsequent subgroup analysis of theigﬁgggivipdicated tﬁat the
‘'presence of the following characteristics tended to be re_ated
to signifiecant variation in CO with laﬁeral positioning;
temperature less than'37.0 degree centigrade, cardiac index
(CI) less than 2.3 L/ﬁin/MZ, elapsed time since suréery less
\than 12.hour§; and subjects recéiving vasoactive drugs and/or
mechanical ventilation.

Iﬁ summar&, seven studies were found which exzmir~d :he
effect of ﬁositional changes on CO. Overall these studies
indicate that tﬁere may cbe statistically significant changes
- in CO measuréments as 8 result of positional alterations froﬁ
subine to moderaterheaé;up angles (O - 45 degrees) or from
supine to lateral anglesi(ZO - 45 degregs). Fufthermore,.
thes€'chénges may be large enough to be considered clinically'
significant given the p;esence_of a number of'factors
including, a temperature < 37.0 degrees éentigrade, aCl<2.3
L/Min/M2, an elapsed time since surgery‘< 12 hours, vasoacﬁive

~drugs, mechanicél ventilation.

~



e u C e d 6 ral Vascu essures
Eight studies examined thg relationship between central
;;Sscula; pressure variations.and backrest elevationv(Chulay, &
Miller, 1982; Clochesy, Hinshaw, & Otto, 1984 ;Laulive,
198§;Nemens, & Woods, 1982;Prakash et al.,1973; Retailliau,
McGregor Leding, & Woods,1985; Woods, & Mansfield,1976; Wooés,
Grose, Laurent-Boﬁp,l982). Prakash et ai. (1973) aé%s;sed the
variation.in PAP with backrest elevation from 0 to 70 degree
head-up in 21 post MI patients. Woodg and Mansfield (1976)
‘and Chulay and Miller (1984) examined the variation in PAP
with backrest elevatioﬁs including O: éO, and 45 degrees head-
up. 'In addition Woods and Mansfield (1976) §§§essed‘the
effect of 90 degree head-up angle on PAP./glgches?kﬁnd hér
colleagues (1984) investigated,ghe changes in PAP of 17
mechanically ventilated patients who weré subjected to four
'randomizéd positional changes including, 0, 20, 45, and 60
degrees. The results of all four}of these 1nvestigating teams
were similar in that they found no significant changes in PAP
with moderate headrest elevation up to 45 degrees (Chulay, &
Miller, 1984; Woods & Mansfield, 1976) while extreme
elevations of 76 and 90 degrees did cause éignificant
‘;ariaciﬁns in PAP (Prakash et al., 1973; Woods, & Mansfield,
L
1976). 7Thesevf'our groups of researchers used small samples

: - . 3
- which reduces the generalizability of their results. With thé

exception of Clochesy et al. (1984), they failed to control
‘ 2
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for the potential effect of the sequence of backrest

.

positional changes. Also, with the exception of Chulay and
Millerv(l984) these groups of researchers did notrexamine tbe
potential effg%t of hemodynamic changes over time.

‘Nemens ané Woods (1982) pointed out that PAP may vary at
any particular moment in time &ue to normal fluctuations which
must be differentiated from actual changes iﬁ the patient’s
hemodynamic status due to positional changes. In order to
define normal fluctuation, they“monitored PAP over 30 minutes
in 25 critically ill patients in the‘g;drest anglé in' which
they were found. The patients were in a steady state which
was defined as no-change in‘therapy for one hour prior to the
study and no changes during the study. Based on the observed
ranges of variatlons in PAP over a 30 minute period, Nemens &
Qoods (1982) suggested that clinically significant Varigtions
. in the pulmonary artefy diastolic pressure (PADP) énd the

pulmonary artery systolic pressure (PASP) should be considered

to be changes that exceed 4 mmHg and 5 mmHg respecti?ely.

Henceforth, references to clinically significant variations in .

PAP shall refer to variations in PAP that exceed the normal
flucguations in PAP described by Nemeé§\6 Woods (1982). These
Yesearchers fouﬁd no st;tisticaliy‘§ignificant difference in
the range of fluctﬁation between those ven&ilated 6;;h‘or

witnout positive end expiratory pressure (PEEP) and those not

v

on ventilators. ' L

/



Woods et ;1. (1982) and Laufive (1982)'con&ucted and
adescribed a number of important measures that were undertaken
to assure fhe reliabiiity and validity of measurements of the
SPAP ef tneir subjects following position chenges. Woods et
al. (1982) randomly assigned each of their 126 critically ii1
”subJects to one of two.position sequences as follows; 20,0,
and 20 degrees head-up} or 0, 20, and 0 degrees head-up.
Lau;ive (1982) examined the.variaeiOn in PAP of 30vcoronary
care netients as they were moved ehrough e;series of 5
positional cnanges including; 0, 20, 45, 60, and 6 degrees
head-up. By design, both Woeds et 51. (1982) and LauliQe l
(1982) assessed pressure ehanges over time B&»cqmparing the
first and;thifd position pressures.and the first and fiftgF
‘position pressnres respectiéely. Both groups nf researchers
+ calibrated their instruments prior to studying each ofvtheir
eubjects and assured thelappropriate'adjustment of the level
of the tfansducei and the angle-of the bed'prior to each 4

, ¢
measurement. In addition, both groups of researchers recorded

PAP waveforms, used clear guideyines.to ineerpret the 7

waveforms, and tested interrater‘reliabiliéy. Only Weodénet'
al. (1982) provided subjects.with_a consistent rest period |
following-each position change. Although'Woods et al. (19é2)
found a statistically 51gnificant decrease of 0.3 to 2.4 mmHg

with changes of position from supine to 20 degrees head-up,

neither group of researchers found a clinically significant

—_



qhange in PAP using the{criteria describéd by Nemens aﬁd Wood;
(1982). | |

In a similar two part-study, Retailiiéu, et al.(i985)
examined the variaﬁiqq.in lefﬁ.atriél;ﬁfeésure (LAP) in 32
post cardiac sﬁfgery pétients»over a period of 30 minutes.in
the #bsitioy in which tbeyiégie found..Thése’researchers then
examined the PAP'variation with positional Ehanges from 0
degree supine to %ead-up at 30 dégfeeé. ‘Ag in the study by
Woods et al., (1982), RetaiTITau et al. (1985) present;d
éimilar measure's to aésure reliébility and validity of their
measuremeﬁﬁs! In addition, Retailiiau et a1.£1985) attempted‘(
‘to reduce bias that could be intrngéed_by:the'reségféhéréé'Fr.
selection of wayeforms‘for p?es;urerénalysi by havingvthe.
researbhers-calculate the mean pressﬁres %YQr_one_minuté
rather than over one respiratoryvcycle. g%e resultsldf this
study indigated that there were no significant differences

. < .
between the mean fluctuations in LAP over time and the mean

changes in LAP due to’positionalﬂchanges. N

[y

_ In summary, of eight groups of researchers who

- Investigated the effect of head4ub positibns on central
N .

‘vascuiar préssureg (Chulay & Millef, L984; Cloéhesy-et al.,'
198é;v1auii§e, 1982; Nemens & Woods, 1932;Pfakasﬁ“et_a1.,
1973; Retailliau et al., 1985; Woods & Grose, 1982; Woods,&
Mansfield, 1976), four>groups of inyéstigapbrs‘}opnd thafs

»
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moderate head-up elevations res: “ed in no significant
variation in PAP (Chulay’& Mii_.- 1984;'Clochesy et al.,

1984; Prakash etval.,. 1973; Woods, & ﬁansfield, 1§76).
However, Qﬁly one control}ea for either the potential effect
of the sequen.: »f the positional changes, or hemodynamic
‘changes over tin.. Three stud;es (Laulive, 1982; Voods et l
al;, 1982; Refailliau et al., 1985) provided sufficient
evidence of the validity and . reliability of their measurements
té‘give the reader cénfidence in their results. The fesults_A
indicated that moderate head-up positions may result in 
statistically significant changes in central vascular |
pressures but these changes'are not likely to be éonsidered

clinically significaﬁt usiﬁg the criteria established by

Nemens and Woods (1982).

Lateral Positioning and Pulmonary Artery Pressures

Three stﬁdies were fouhd'which examihéd thf effect of
lateral po .tional changes on central pressures'(Keating,
_ ﬁoiyard, Eichler, & Reed, 1986; Kennedf, nyant, &vCrawford,
1984; Wild, 1984). Kemnedy et al. (1984) ex'ainined,tﬁe effects |
.of 90 degree lateral recumbent body pqsitioniﬁg.on PAP and
PAWP in 25 male patients none of whom were on ventilator
supporf. Prior'to undertaking this'study., Kehnedy et al.

(1984) had to resolve the methoddlogicél problem of transducer

placement for subjects placed in a lateral position. Winsor

.



and Burch (1945) girst descriged the phiébostatic axis
(fourth intercostal space mid-axillae) as a suitable zero
;eference level that approximates‘hear; level for paﬁients
:/placeg in a Supiné position. However, this landmark is not
conéideredvto be suitable for lateral positi;ns (Keatiﬁg‘et
al., 1986; Kennedy et ai:,1984)s An equivalent estiﬁate of
the level of the atrium for a lateral posiﬁion fs not known.
Based 6ﬁ kno&ledge of the anatomical anchoring of the atrium
to central pulmonar;:structures behind the mia-sternum, the
researchefs.hypothesized that a shift in the gtrium when a
ﬁatient turns on his/her side would result in a shift in the
carina. |
Kennedy et al. (1980) studied the shift in the carina on
fhe roentgenograms of 10 patients in 90 degree right and left
e lateral positions and found the shift{ when corrected for x-
vray magnification, was statistically insignificant. They
céncluded that :suitable landmarks for transduéer leveling for
patients in lateral positions woﬁld'be the intersections of
imaginary lines crossing ét ; a) the fourth intercostal space
"(ICS) and the mid-sternum anterlorly and b) the fourth spinous
process and“thé/kié-spinal column. A convenience sample of 25
subjects were randomly assigned to one of two sequences of
positional changes (supine; 90 degree righﬁ lateral & left

s lateral or supine, 90 degrée left lateral & right lateral).

Using'the mid-sternum as a zero reference for the transducer



in the lateral position, the researchers compared the PASP,

. 8

PADP, and PAWP obtained in the lateral positior with supine
fx- -
control PAP. They found no significant variation in pressures

related to these positional changes. In this study individual

mean PAP and mean PAWP did not yary greater than 2 mmHg. There

&

is no mention of whether or not there was a constant rest
period following positional changes. Also, no mention was
. made of the catheter tip position which is an important |
determinant of PAP variation found in lateral positioning.
The sample ;as small so that before results could be
generalized, further study on larger samples would have to be
conducted. |
W.1ld (1984) and Keating et al. (1986) conducted studies
"in ,which they examined’the effect of 1atera1‘pgsitioning on
the PAP of generai ICU patients using the mid-sternum and the
phlebostatic axis as reference.points.v Wild (1984) randomly
assigned her 30 subjects to one of 2 position sequences
(supine; left lateral 30 degrees; right lateral 30 degrees,
supine or supine, right lateral 30 degrees, left lateral 30
degrees, supine) while Keating et al. (1986) did not vary the
position sequences (supine, right lateral 45 degrees; supine,
left lateral 45 degrees) in her sample of 20 subjects. dnly'
Wild (1984) used a 30 degree foam wedge to attempt to maintain
consistency in the lateral angle of her subjects. Both “/?

groups of researchers utilized a consistent rest period

1
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followiné positional changes and used strip chart recordings
t; measure pressure. The findings of these 2 studies
indicated tha; PAP readings in the lateral .positions may be‘
significantly different‘fﬁgm readings tqken in the supine
position. Wild (1984) found th;t although mean group
differences in pressures did not exceed normal fluctuation as
described by Nemens and Woods (1982), clinicallx éignific%nt
differénc;s were found in the mean®PAP measurements of 93
percent of the individual subjects. Keating et al. (1986)
fouﬁd‘clinically and statistically significant changes in.the
?ADP and PAWP measured in the lateral\posiﬁions when compéfed

<
to those pressures measured in the supine position. They

sﬁégest that the mid-sternal intersectionvwith”the fourth ICS
may,not be a suitgbie anatomical landmark for transducer
adjustment  in lateral positions.

The majofity of p;essufe monitoring systemé transmit
pressure from the pressure source to a transducer ;ia a series
of fluid filled noncompliant tubiﬁg. Hydrostatic principlés 
"dictate that in order,to éliminate a hydrostatic head of |
pressure, both e;ds of the plumbing system must be adjusted to -
the same ievel (Appendix D). Failure to do so céuld mean
that the, measured pressure may be falsely %igh or falsely low ;
‘(Appehdix E). Conventionally, whén the patient is in a supine

pusition, the level of the right atrium has been used as a

ze1> reference for the transducer adjustment, rather than the
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catheter tip. .The phlebostaﬁic axis is the standard

_anatomiéai landmark used to estimate the level of the atrium.
ir . T

J

Because the tip of the catheter may be ﬁigher or lower than
. . t
that point, hydrostatic error will occur as a result of a

hydrostatic heaa\qf pressure. Provided the same point is
always used as a reference, and the patieﬁt is supine, .this
error should be relatively constant so that pressure
variations may be assumed to bel?ﬁe to physiological changes.
However, when the subject is turned in a 1atéra1 position, the
error dﬁe to catheter tip position ﬁay no 1onge%‘be constant.

. If the transducer were left at the level of the supine
phleﬁostatic axis, and the catheter tip was located to the
right of the mid-sternum, one would expect to observe less
efror in PAP with the right lateral position than with the
left lateral position (Appendix F).

Benumof, Saidman, Arkin, & Diamant (1977) examinéq ;he'
intrathoracic distribution of the tips of 314 pulmonary
arterial catheters wﬁich at insertion were determined by
waveform analysis to bg in ideal position. Thege reseafcheré
concluded that a statistiéally significant majority of‘these
catheters were 1oéated iﬂ‘the right middle or lower lung field
in an area less than 9 cm. from the mid-sternum. The range
was from 10 cm tovthe‘right'of the sternum to 11 cm to the
1eft.of the mid-sternum. The largest peak in the frequency

distribution was at a point 5 cm to the right of the mid-

-



sternﬁm. If PA pressures are monitored from a catheter tip
which is located to the right of the mid-sternal line, then
‘the mid-ste nuu  at the junction of the fourth ICS‘méy not be
the most appropriate anatomica1 laﬁdmark to use as a
reference point for the leveling of the transducer when the
‘patient is in either the right orvleft lateral position.
Kennedy et al. (1980) utilized the mid-sternal landmark as a
zero réference for the transducer in patients placed in a 90
degreé sidelying pos;tion and found that the PAP pressﬁres did
not éignificaﬁtiy vary . Wild (1984) and Keating et al.
(1986) utilized the same landmark but examined‘the pressures
in 30 degree and 45 degree lateral positions re;pectively.
Both groups of researchers found that the measured pressures
in the .lateral positions did vary significantly from the PAP
measured in the supine position. None of these researchers
mention the catheter tip position which could have a |
significant effect on the hydrostatic error. At angles less
than 90 dgﬁrees, the catheter tip in relaéion to the veftical
height of‘%hé:mid-sternuﬁ changeé. When using the mid-sternum
as a zero refer;nce, ;he more shallow the lateral angle, the
gréa;er the potential variation in pressure measurement due to
a Wydrostatic head of pressufe (Appendix F). Also, the
greater the lateral ®distance between the catheter tip and the
mid-sternum, the gréatervthe potential différenqe'between the

hydrostatic error in the right versus the left lateral PAP

17
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readings. - ~

In summary, three groups of researchers studied the
effect of lateral positioning on PAP (Keating et al.,1986;
Kennedy et al., 1984; Wild, 1984). The results of these .
st&ﬁigf conflict in that two found a significant variation in
PAP associated with lateral positioﬁing (Keating et al., 1986;
Wild, 1984) while one found no signifiéént variation in PAP
associated wiﬁh laterél positioning (Kennedy et al.,1984).
Due to concerﬁs regarding the zero references utilized for
adfﬁstaent of the transducer in léteral positions, the author
suggests that further research is needed in this area. IFIis o
» lfkely that the use of the mid-sternum as a refefence for the
transducer level may cause significant errors in PAP
measurements in lateral positions at angles less than 90
" degrees. in addition,.hydrdstatic error may vary between the

' right and left lateral ppsitions depending on the catheter tip

position.

It is the author’s view that in future studies it may be

«

prudent to utilize the PADP to assess variation in measured

PAWP from supine to lateral posifions. This would minimize
. N

the potential risk that frequent wedging of the catheter
'imposeé, forrexample, rupture of the balloon, and damage to

the PA (Bodai‘& Holcroft, 1982; Daily & Schroeder, 1985; Kaye,

<

1983; Pace,1977). PADP may be used as a reasonable estimate



of.PAWP except in the presence of pulmonary hypertensiaon
(Falicov & Resnekov, 1970; Jenkins, Bradley & Branthwaite,
1970; Rahimtoola, Loeb, Ehsani, Sinno, Chuquimiaﬂ Lal, Roseﬁ,
& Gunnar, 1972). Subjects with acute'or'chronic hypoxi# (Pa02
less than 60 mmHg.),'acidosis (pH less than 7.35), or PEEP .in
excess of.10 cm ‘of H20 would need to be'excluded from studies
examining variations in PADP measurements. Hypoxi; and
acidosis may cause a sudden increase in the pulmonary vascular
resistance (Green, 1987). Also, it has been .observed that the
PAP, in subjects with\PEEPlin excess of 10 cm of H20, may be
more 1ike1y\to reflect variations in alveolér pressures than
left véntricular end diastolic pressure (King, 1979; Marini,

1986) .

Assumptions

It is aésumed that accurate PA data collection may be
obtained with the patient placed in a supine pesition with
‘ head-up at an angle of 20 degrees. A further assumption is
that the catheter tip is located at the 1éve1 of the
phlebostatic axis when the patient.is supine. Finalyy, it is
assumed that a 30 degree lateral position will not
significantly alter the actual central Qascular pressures or
flpw. Variation§ in PAP observed following 30 degree lateral

pdsitioning are due to a hydfostatic head of pressure created

4

by Licorrect adjustment of the vertical height of the |,

. AN
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transducer in relation ES the tip of the catheter.

s

Research Obtggtive§

“The first objective of this research was to assess the
hydrosttic effect on PAP of thfee different references for
the transducer by comparing the PASP and the‘PADP of subjects
in three positions; supine, and 30 degree right and left
Eateral. The.second objective was to determine the most .
valid zero reference for lateral gatient positioning. Thig
could be accomplished by comparing control PASP and PADP
obtained from the paﬁient in a supine positioﬁ with the PASP
‘énd PADP obtained in lateral positions using the mid-sternum
a;a the phlebostatic axis és references for the transducer

adjustments.

Theoretical Framework

The body attempts to °sustain relatively cgnstant
vascular pressures. Within the cardiovasculaf system there
"arelthree main detegminants of tﬁé pressure whicﬁ include; the
pumping competence oflthe ventricles of the heart, the
circulating volume, and the vascular resistance (Guyton,

1975; Smith & Kampine, 1984). When located in the ideal
position, ghe PA catheter alloﬁs continuous monitoring of the -
pulmonary artery pressures. The pulmonary vascular resistance

is low and relatively constant. Upstream in relation to the



|
|

catheter tip is the pulmonary valve. Downstream from the
catheter'tip is the left atrium and ventricle (figuré 1).
When the ventriéles of the heart afe in end diastole, the
mitral valve, downstream from the catheter ;tip, is open
exposing the left ventricle which is at rest. Upstream frqP
the catheter tig, the pulmonary wvalve is‘closed. Therefore,
none of the pressure at the catheter tip during end diastole-
is due to ventricular contraction of the heart. Thus, since
)

t;: ventricles are at rest, and the pulmonary vascular
resistance is low and‘relatively conétant, the ﬁajér source
of pressure at pulmonary artery end diastole (PAEDP) is due to
the volume in relation to the capacity of the vessels between
the pulmonary vazse and the 1ef£ ventricle. The PAEDP
represents/fif)yreload of the left ventricle (Daily, &
Schroeder, 1985) or the ciréulatory volume. |

-According to the‘Frank Starling Law, the greater the
volume in the left ventricle.during diastole, the greatér the
stretch of the muscle. In turn, the more the ventricular
muscle fibres'are stretched, the greater wiil be the force of
contraction and thus output (Shith, & Kampine, 1984). H&wever
the myocafdial muscle can be ot¥erstretched with volﬁme at
which point the CO will fall. A major use of the PA data is

to determine the best PA pressuré ( or volume) which will

yieid the best CO. This is often crucia%\information in

<

\\\'
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patients with compromised Ieft ventricular function.

pulmonary artery catheter
tip in a pulmonary vessel

N aortic
left valve

l

N pulmonary valve
closed)

.mitral val
S : (closed)

right ventricle left ventricle

Figure 1. Monitoring Central Vascular Pressures

- Postural changeé‘bring about marked chgnges In vascular
pressufes and volumes. These changes depend on the vertical
height of the he;rt in relation to the lower torso. A ch ge
from supine to eréct‘posture caﬁses a shift of about 500 ml.
of volume from mainly the thoracic ci;culation to the lower

Eb:sd due to gravitational forces (Sﬁith, & Kampine, 1984).
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\ METHODS AND PROCEDURES
6 :
A'description df the study design, definitions,
\hypotﬁeses,,sample and eetting is presented. This is followed

by a discussion of data collection procedures and the major

results of the pilot study, as well as a description of data

& )

analyses. Measures taken to assure reliability and validity
of the data collection are explicated. Finally, 'scame of the
ethical considerations that were associated with this study

afe addressed,
3

\
'Research Design

A repeated measures experimental design was used to
investigate the changes in PAP readings associated with the
use of three adjustments of the vertical height of the PAP
transducer while monitoring the PAP of patients in left and
right 30 degree lateral poeitions. Countetbalancing was |
utilifed to reduce the potential influence that the order of
positienal changee‘and transdueer adjustments'may have had on
the resuits. Each subject'was randomly assigned to one of two
groups based on the sequence of positional changes: a)
supiné%'right lateral, supine, left lateral, or b) supine,
left lateral, supine, right 1atera;. Also, members within
each body position sequence group were randoml: signed to

one of two transducer adjustment sequences:é 1) P1, P2, P3 or

2) P3, P2, P1.- Chenge in PAP was quantified by comparing
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the PASP and PADP recorded in the right and left lateral
positions with the PASP and the PADP recorded while the

patient was in a supine position. o \\

;
Definitions
The following 'térms-were operationaliieé‘or dgfined for
this study: i
Pulmonary értery systolic pressure (PASP) is the . -
highest pressure of each end-expiratory pulmonary
érterial waveform recorded on a stfipﬂchart and
and averaged ovér 10 respiratory cycles
Pulmonary arte?y diastolic pressure kPADé) 1s' the
lowest pressure o% each end-expiratory PA wévegofm
immt‘adiately prior to ee right ventricular ej ectioﬁ
,phase of the PA configuration recorded on 'a strip .
chart and averaggd over ld respiratory cycleé
End-expiration is the highest pdint Immediately
preceding‘avdownward péttern in a reépirator& 
.waveformAdisplaf of chest'wail movement. Chest

wall movement is measured on the basis of changes

in the electrical resistance detected via electrodes

hoﬁitoring the electrical activity of the heart.
End-expiratory pulmonary artery pressure refers to those
PAP which occur at the end of theé expiratory phase

of respiration as determined by the analysis of a
: ' o
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simultaneous gfaphic display of the PAP and the
respiratory waveforms.

Right lateral position (R. Lat.) is a-position in which
’ the subject is placed on his/her right side with a
30 degree foam wedge for Support of the patient’s
béck, one'pillow beneath the patient’s head, and the
vhead-up angle of the bédvat 20 degrees.
Left léteral position (L.Lat.) is a~positidn in which the
subject is placed oﬁ his/her 1left side with a 30
- degree foam Qeage for supporg of the patient’s back,
one pillow bene?tﬁ’tﬁg:patieptfs head, and head-up |

i
angle of the bed at 20 degrees.

. Supine position is a position in which the subject is

placed on his/her back with the chest wall at 20
degrees elevation and ole pillow beneath the

patient’; head

"Mid-sternum is a point located at the junction of the

fourth interéostal;space (ICS) and an anterior mid

'~pointvof the sternal width.
-

Phlebostatic axis is the point of junction between the.

foutth ICS and the' mid-way position between the
posterior surface of the body and the base of ~

the sternum. P

Position 1 (P.1) using a cé@iéggyr’s level, the vertical
v i -, ’ ‘,7‘ 4

height of «the transdycer-

4§

is adjusted to the right

s
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phlebostatic axis when the éatientfﬁ? in a supine

positioﬁ. \ |

Position 2 (P.2) using a caﬁ@g&fer's level, 'the vertical
height of the transducer is adjusted to the level
of tﬁe right'phieboéfatic ;xis‘when¢the pétienﬁ is
in a iéteral'position.

Posi;ion 3 (P.3) using a carpenter'’s level, the vertical

A height of the transducer is adjustéd to the

vertical lével of the mid-sternum when the patient
is in a lateral position.

Puimongry hypertension is deﬁ%ﬁed as a PA systolic e?uai

to or greatér than 40mmHg and/or a PA diastolic

pressure equal to or greater than 20mmHg.

Hemodynamically stable refers to a subject who meets the

following criteria; a) no changes iéfkwerapy for the:

period incldding oné hour prior to and during the
time of data collection, b) intravenous fluids and
medicatiohé at a constant raﬁe of administratiosn
'-duping thg sguéy c) a pulse rate which doés not'vary
more than 20 beats per minute during the study and
dj a respirato?y rate which does not'vary‘morev;han
10 breéths per minuté during.the study (chahgéd to

20 breaths following the pilot study)

27
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Hypotheges 7

Given a p .lmonary artery catheter tip located to the )

. right of the mid-sternum, and in consideration of hydrostatic

principles discussed abov;A?p. 15) ,the following hypotheses ;"

were formulated:

1.

With the'transahcer level with the supineA —
phlebostagic axis (P.1)

a) PASP and PADP will not’significaﬁtly vary in the
right lateral ﬁosition frqm PASP and PADP in the
supine'poﬁition .. , |

b) PASP and PADP w;li ~e significantly higher in the
1éft lateral position than the PASP ana PADP in the
supine position! ~

With the transducer level with the right lateral
phlebostatic'ag;s (P.2)

S

a) PASP and PADP will be significantly higher in

the right lateral position than the PASP and PADP

taken in the supine position.

'b) PASP and PADP will be significantly lower in the

left lateral position than PASP and PADP in the
supinefposition.

With the transducer level with the mid-sternum

(P.3) | .
a) PASP and PADP will be significantly lower in the

-

right lateral position &han the PASP and PADP in -

, S \



the supine position .

b) PASP and PADP will be significantly lower in the.’
;eft lateral position than the PASP and PADP in the
suéiﬁe position.

Population and Sample

A convenience samplélwas drawn from a populaﬁion of
cérdio@ascular surgical patients during the.initial 48 hours
of their post-operative care in a 1argefwestern Canadian
teaching hospital. Originally,vthe criteria for inclusion in
‘the study were; X

a) 18 yeafs of age or older at the time of the study

b) able to read, write, and speak in fhe Eﬁglish languaéh

¢) no contraindicagions for 20 degree head-up or

right or left lateral positioning as determined
by the investigator in consultation with the nurse
assigned to the patient.r

d) no PEEP or‘PEEP less than i, cm. of water

e) PA catheter in a branch of the right pulmongry

’artery'as established by a daily anterior posferior
chest x-ray )

£) hemodfnamically stablé (- e definitions p.27)

gj no evidence of PA hypertension (see definitions P.27)

h) normal pH (7.34-7.45), or hydrogen ion content (35-46)

i) Pa02 60mmHg or greater ‘ *

29
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" The first two criteria provided a cutoff for defining
Aadults Qho wogld.be‘able to communicate with thg investigator .
A .
and undefstand the full in&ent of the study. The third
criterion assured that the investigator estgblished whether or
not head-up or 1atera1‘positioning was associated with
hemodynamic’alterations in the indiyidual patient. The
- remaining criteria w€re included in order to eliminate the
potential effect of some of the known confounding variables.
Following a pilot study and'further.discussion with
members of the advisory committee, the researcher changed one
of the criteria as follows:
e) ?A catheter in satisfactory position as established by
the report of the anteiiof-posterior chest x-ray on
the day of the study

In addition, criteria g) and h) were deleted (see discussibn
of the pilot’study procedures p.36). o

Although sample size tables (Cohen 1977) were used to
derive an appropriate study sample size, practical concerns
related to che time availlable to the‘researcher also had to be
considered. A sample size of 40 was used which resulted in a
» power of .6 for ﬂetecting medium sized differences between
means. The level of significance criterion was set at .05
(two tailed).p |

Setting

The setting for this study was a 10 bed cardiovascular



v ' ' o : ' | 31
intensive care unit (CVICU) within a large acute care v
;__fécility located in a western Cénadian city. Each staff‘member
in the unit is assigned to one or two patients depeﬁding on
the hemodynamic stability of the patients. Patient
repositioning, on a one to two hourly basis, is part of the
routiné responsibiiity of the nurses. The. most apbropriate
time Eo investigate each subject was negotiéted between the
nurse in charge of the unit and the investigatﬁr prior to each
case studied. The majority of subject testing was conducted
between 0900 and 1200 hours. Staff were asked to volunteer
their help with patient positioning during the study. 1In
this study assistance with turns was.;equired 5 times in the
course of approximately 48 minutes for each case and’nq
-additional staffing was needed in order to conduét the stud;.
Tbe researcher #rovided the staff with a brief overview
of the stu%y and the staff’s role in the research prior to a
\ : . -
“pilot stqul Since none of the changes in the protocol which
‘resulted from the pilot study changed what was essential for
the staff to kno&, further staff teaching sessions were not

provided prior to data collection. _ - r 4

™

Data Collection Procedures

The procedures for data collection described below

represent the protocol that was followed after the analysis of

1

the results of a pilot study. All steps described in this
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procedure were conducted by the researcher with the exception
of positioning the patient which was done by the researcher
with the assistance of the subject s nurse
Pre-operative cardiac surgical patients are routinely'
admitted to a medical unit prior to their surgery. On a daily
basis the investigator reviewed the charts of the _preoperative

4

patients to determine which patients.appeared to meet the
criteria for entering the study. ‘These patients were then
approached.to obtain a voluntary informed consent (appendix
G). Once consent had been granted the researcher gathered
,and recorded some demograﬁhicAand biographic data including

N

chest wall circunference, chest_wall depth and width; informa-
tion that would be necessary in~the PA data analysis. Within
+8 hours following~the subject’s surgery the investigator
consulted the nurse in charge of the CVIGU about an . B
appronriate time, in terms of the unit activity, to collect
data. The status of the patient was assessed by means of a
chart review and an interview of the staff to determine if the
subject net the criteria for entry into the study.

Provided the subject met the criteria for entrance into
the study, the subject was then assigned with a numeric
identification code (1-40). Also, patients were assigned by
coin toss to’one of two position,sequences; group a) supine,
right lateral, supine, left lateral, supine or group b)
supine, left lateral, supinei:gight 1ateral, supine. A |

™
~



similar procedure was followed to assign the subjects within
each of the groups to one of two transducer adjustment
sequences for lateral positioms; P1,P2,P3, or P3,P2,Pl
(Appendix H ). Successive subjects @ere assigned to alternate
position sequence groups and transducer adjustment subgroups.
The assigned position sequénce and transducer adjustment
sequence were then circled on'tﬁe biographic and demographic
form (Appendix I). Numeric codes were assigned to each of a
set of nine PAP strip-recordings to be obtained during the‘
study. This was done by randomly drawing numbers (1-9)°
"wifhout replacement (Appendix I) and then entering the
nﬁmbérs onto the biographic and demographic form.

The PAP data collection process then began, ﬁsing the PAP
protocol as a guideline (Appendix J). All patients were
catheterized by a physician-using a 7 french flow directed Pa
cgg&eter. PAP was me#sured by the inQestigator using the
pressdre transducers (Hewlett Packard model 1290-a, or model
1290-c) which are routinely attached to each‘PA catheter in
the CVICU. The PAP transducer was disconnected from the
patient’s bedside monitoring system and connected to the
researcher’s portable moniﬁoring sysﬁem whiéh cénsiéﬁed‘of ;
four channel Gould 2400s recorder and which had been
temporgrily adapted to a Hewiett Packard 78810 neonatal

monitor. . A machinery warm-up period of at least twenty

minutes was allowed to elapse before the portable system was

33
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usgd for PAP recordfﬁg. An extra set of electrécardiograﬁhic
leads were applied to ,the subject’s chest wall and connected
to the.pértable moniggr (Appendix K). | |

The graphic recorder and the transducer were calibrated
using a mercury manometer before beginning data collection in
order to provide some assurance of the consistency in the
meaéurements of PASP and PADP (Appendix L). Anatomical
landmarks for transducer adjﬁstments were marked with a pen.
The angle of the head of the bed ;as adjusted to 20 degrees
using a 20 degree wedge and then was left at that angle for
the duration of the individual’s study. If the patient was
not found in a supine position, the researcher and the "
patient’s nurse positioned the patient supine. The transducer
was adjusted to the supine phlébostatic axis (Pl) and after a
5 miézpe rest period, the PAP was recqrded. The subject was
then assisted to move into a lateral position by'the-
researcher and the patient’s nurse. A firm 30 degree foam
wedge was used to support the midline of the subject's
shoulders at an approximate 30 degree angle. With each
position change the zero refereqce posi;ion on the transducer
was adjusted to the VcLLf;ai level of the appropriate
anatomical landmark using = carpeptervs level ‘(Appendix D). A
stopwatch was used -~ measure a fi;é minute rest period that
foliowed each position change. In the lateral positions three

R

PAP recordings were made for each of the three trarisducer .
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adjustments (Pl; P2. P3). Each recording consisted of a
simultaneous graphic record of the electrical activity of the
_heart, PASP, PADP, and £he respirator& waveforms over ten
respiratory cycles. A total of nine pressure recordings were
made for each patient as they were moved through thé series of
five positional changes. Each recording was marked with the

AY
subject’s numerical code and the pressurd record code which

were pre-assigned. The nine recordings\cé(s\i?parated and
then stored in the correct numericai orderﬁ ‘

’ Upon completion‘of data coliection, the patient .yas
reattached to the beééide monitoring system and the extra
eléctrocardiographic leads were remo&ed. The remainder of thé
biographic and'demographic record was completed. T@is—
included details regarding the patient’s drug and ré:ﬁirato vy
therapy, as well as age, name, height, weight, diagnosis, and
hospital number (Appendix I). The researcher viewed the
subject’s most recent.aﬁ?%rior posterior chest x-ray to
determine and record the position of the PA cétheter usiﬁg the
spinal processes, and the lung margins aé reference points
(Appendix M). _fhe catheter position was categorized as either

mid-line, 1ef£, or right depending on whether or not it was

found to be within two éentimeters on either side of the

spinal process or, greater than two centimetérs to the left or

sright of the patient'’s quﬁgl pfocess respectively. Prior to

categorizing catheter tip position, the distance in
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centimeter§ of tﬁe catheter tip from thevmidfspinal pfocesé
was converted to actualvdistance based on a calcui;tion
considering the x-ray magﬁificatién—(Appendix N). o
Using a éCandard approach, graphic printéuts we?e
interpreted once a group of at least five complete records

of subjects was available. Ten end-expiratory PASP and PADP

wefe entered on the data collection sheet for each of the nine

‘combinations of position and transducer adjustments (Appendix

0). Each recording for a given transducgr and positionb \,///
;equence combination was randomly given a number and the
analyses were done according to those random number order (not
necessarily in the order performed). Each subject’s record

was interpreted in the sequence in which the patients were

studied. Once the data was‘dnterpreted, the codes were broken °
¢ -

and the data was entered into a computer program for .
. -

statistical énalyses.

Pilot Study P;ocedures

The objectives of the pilot étudy were to; a) assess the
feasability of the research protocol including the forms for
data collection and consent, as well as the technical a%pects‘
of the data coliection pr&cedure and b) to make appropriate
modifications in the research protocol.

Although the original intent was to conduct a pilot §%udy

‘on a sample of five subjects, only three patients were entered

)

/
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‘in'the pilot study. A number of factors résulted in an
uﬁpl;nned and prolonged delay in progressing with data
collection includipg; a delay in obtaining equipment,
problems experiénced with negotiating afigitable time for
conducting the research, and a nursing}sgrike. In
considgratioh of these unfor%feen delays, and the information
learned conducting the pllot study on fh;ee patients, it was
decided to proceed Qith the asses;@ent of the pilot study.
‘The experience exposed a number of fechnical and
strétegic problems which were subsequently resolved. As a
fesult of the pilét study a number of modifications were made
to the procedure and the forms used for data collection. Only

the major modifications to the procedure that resulted from

the pilot study are described.

Modifications to the ?rdcedure for Data'Collection

Modificatidns to the procedure were related to concerns
identified in the following areas; the adjustment of the
transducer and the samplelselection criteria.

The adjustment of ;he transducer

The adjustment of the trangducer to the anatomical
landmafks (Pl,.P2, & P3) could n&%’be made using a carpfntef's
level alone. An intfavenous pole with tape along its v@rtical
axis was used in conjunction with'é éarpenter’s'level in order
to -align the transducer Qith landmarks when the patient was

turnad away from the transducer, and when the lateral sequence
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started with recording pressures with the transducer level
with the mid-sternum (Appendix P). : N

Selection criteria

Patients who had PA hypértension-prior to surgery were
not always PA hypertensive following open-heart surgery so
exclusion of those patients pré-operaffvely was not prudent.
In addition, it was decided thaﬁ PA normotension should not be
used as a criteria for entrance into the study because of a
concern for potential difficultyuin obtaining an adequate
sample size within ‘a time period that was reasonable fror
student researcher’s perspective.

It was noted that maﬁy,ﬁechanically ventilated patients
would_greathe at the common mechanical control rate of 6-8
breaths per minute while they slept. Howéver,lwhen these
patients were moved during the study, they would begin to
ventilate at a more natural raﬁe of 15-20 breaths per minute.
Therefore, thevcriterionvrelated to respiratory variation for
discontinuing the study was reeval;ated. It was decided that.
an increase in the respiratory rate of greater than 20
bréaths’per minute would be a morevreasonable criterion for
wiﬁﬁdréwing a patient frég%;?Study. This was based on a
normal adult breathing rate:bf fifteen to twenty breaths per
minute.

The primary reason for using a normal:pH as a selection

criterion was that changes in pH may bring about a

a* .
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qonsiderable change 1n_pulmoﬁary vessél resisténcé. However,
the ph could only be determined from the resulfévdf the most
recent arterial blood gas analysis. No means of obtaining a
éohtinuousvanalysis of the pH was available té ghe
researcher. Since the isolated measurement of the pH was of
limited value in aésessing the acid-base status of the patient
throﬁghoqt the time of‘thé Study.it was decided that the most
recent pH would be récorded‘and a normal pH would not be
» ~

considered necessary for entrancz\bf/g subject into the study.

It ﬁas not possible to obtain a report of the position of
the PA catheter prior to the study. Imﬁediate feedback from

e radiologist only occured if the catbeter was |

malpositioned. Qtherwise, written reports’related to cgtheter
position took two d;ys to reach ‘the charts in CVICU . It was
decided that the re;earcher would view the anterior posterior

chest x-ray obtained on the day of the study in order to

determine catheter placement. It was realized that the
N : , o

placement of the catheter tip in the right pulmonary artery /ﬂ\i\pi

-might be a sevexely restrictive criterion in terms of

¥ obtaining the sample size in a reasonable pericd of time.

4 o

Routine placement of the catheter im this unit was more
3 ’ Oq" P t;‘ T

'féentral than anticipated.

’

The bifuration of the right and left branches of the

.

pulmohary artery is located two centimeters to the left of the

patient’s mid-sternum (Paul, 1981). Alrhough the catheter
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could be in the right'main PA, it was nét as disPIaced,fromv
theimid-sternum as the catﬁeter.tip placement expected based
on previous research. Many of the physicians ip fhis settiﬁg
are satisfied to leéve the catheter-tip;in a vefy central
position in relation to‘the mid-sternum; The hypotheses wefe.
based on thé ;heofy that variation in éAP found when av
subject moves from a supine to'a 1ateraﬁ position are due to
a hydrostatic head of pressure. Furthefm%re , based on the
work of Benumof et al.(1977) it was’assu@ed that the majority
of PA catheter tips would be located in a branch of the PA to
the right of the mid-sternum. The researcher, in
consultation with an advisory committee, decided that the -t

position of the catheter tip would now be a criterion for
4

entrance into the study. Furthermore it was decided that .

-
¢

thoselpatients>found to have the.catheter tip loéaged to the
left of the mid-sternum would be replated by subjects with a
cathé%er'tip located to thg right of the mid—stefnum unless it
became evident that this was the case in more than 10% of. the

subjects obtained in this setting.

N

v’;{ Data Analysis _
The ta collected have the properties of ratio scales

which include magnitude, equal integvals between adjacent
units and.an absolute .ero (Pagano, _986). ‘Therefore, the

pressures obtained from graphic printout were analyzed



using_déécriptive'statistics to obtain the mean, and the
standard Aeviatioh. The mean of each subjecgls_3 supine PASP
and PADP Qés calculated and compared to each of the means
of the subjéct’s six gets of PAP recorded in the lateral
positions. This was done in order to determine.each
individual subjéct's PAP variation.

e

ﬁéing paired t-tests the means of the . first, second, and
third supine PAP were éompared to detérmine if there wéré any
statistical orﬁqlinical variations betwgen the three supine
PAP. The purpose of that analysis was to assess the
hemodynamic stability of the subjects over time.

Multiple paired é-tests were also used to test the
hypotheses. The data were subjected to t-tests in order to
‘detect any Statistically significant differences“between the
mean fASP and PADP récorded in the supine versus the lateral
vposiéions ﬁsing the %ﬁpine phlebostatic axis (Pl), the right
lateral phlebostatic axis (P2), and tpe mid-sternum (P23) for
transducer adjustments. J

A similar series of paired t-tests as described above
wwgre conducted on a number of subgroups incfluding: ventilated
#e;gggi;on-ventilated subjects, subjects with a normal pH
versus an abnormal pH, and subjecté with gatbster‘placement\at\Q
the mid-sternum, ‘versus ‘those to the righf and those to the |

left of the mid-sternum. The purpose of those tests wgs.to
bR %’, .

determine if‘theré were. any underlyiﬁg differences between

41



results of the analyses of the whole group. Given the e

s

the results of the analyses of the subgropps compared to the
theoretical potential effect on the PAP that pH, ventilatory

status; and catheter position could have on the PAP, it was
v

anticipated that the results of the subgroup* analyses might

voiffer from the results of the analyses of the group as a
Vhole. . - 0
In addition, the. Pearson r correlation was calculated to

kdetermine whether either the catheter tip position or the
chest width were related to the total changes in PADP. Only
PADP was assessed in terms of the correlation because it was
reasoned that PASP would more likely be influenced by
variations in ventilatory rate and pressure.

| The level of significance was set at .05 for the

statistical analysis of the data. 'Using the criteria

established by Nemens and Woods (1982), data were also

analyzed in terms of the clinical significance

S §° The researcher recognizes the inherent weaknesses of

5 .
conducting multiple t tests A multivariate test might have

been a more efficient test in that it would have .avoided the
problems that multiple t-tests create in terms of an increased

probability: of type I error. Ultimately, the choice of test

A :
. was madevbased on more practical reasons. Th: r-searcher’s

'skllls were limited in terms of manipulating the data within

“

the staiiiéical ‘package chosen. At the time, the use of a t-

S
~ <

N
R
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test appeared to lend itself more reddify.to the format of the
data and the researcher’'s proficiency in utilizing the

[N

statistical package .: 4

T
S kR
. ,?.' . o

The Validity and Reliability of Measures
Pl o P _
A number of steps were undertaken to provide some

.

éssurance_of the veliditjfof meesureé.‘ ihe calibration of
the transducers and the graphic reccrder were tested before
5beginning dataiceilection”_ With -~ach position change the .
transducer was adjusted to the vertical 1evel of the 2 e
Aapprépriate landmarks using & carpenter’s level (Appendix F).
A stopwatch‘ﬁas‘nsed'to measure the five minute rest periods
that followed each positicn<Change. “Care was taken to asenre
that the poiitional cnanges.were conduc;ed in the §§Eé manner
by preparator& ceaching of the nursiné;eteff who assisted
with the positional chenges{ A fourAchennel‘scrip re¢order was
used to obtain an electr;cerdiographiC'asvweii as a
respiretory and a PAP wavefern so that end-expiratory
pressures could be rec%rded'and nariations in PAP due to
'arrhythmias_ccuid be detected. All éraphic printouts were
interpreted by the investigator‘using a. standard procedure.tov
convert the analog display of PAP to a digital record.

The use of the selection criteria férovided some

assurance that changes pbserved in the PAP measured in the

lateral position compared to the supine PAP measurments were
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not likely due to other coincidental physiologic or mechanical
variables such as hemodynamic iﬁstability, excessive PEEP, or
the malpositioning of the catheter. The potential effect

" that the sequené; of positional change or the transducer
height adjustment may have had on the outcome was controlied
for by the ranéom;assignﬁent of subjects to one of two
position sequénces for each of those variables: In addition,
the pressures in tﬁe first, second,and third supine position
were statistically comparéd to determine the stability of the
subjects physiological status. Subgroup analysis using t-
tests were used to determine if any différedces in PAP between
positions could have been due to confounding variables such as
venﬁilatory status, pH, and catheter position. The design
using the pé;%ent az his/her own control reduced the pqtential
: effect differences between iﬁaividual subjects could Have
had on the results of the study.’

In order to control for the effect ﬁhac the.stimulus of
turning may have on pressdre VariatIAh,/a constant rest period
of five minutes was allowed to elap;e before pressures were
measured. The PASP and PADP were measured at end-expilration
over 10 respiratory cycles. The use of randomly assigned
codes to identify the graphic waveform printouts reduced the

possibility that the experimenter would recall which postural

or transducer position the graphic record represented until

o

the data were processed,
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The external validity of the study is limited to
pobPulations which have similar attributes to those of the
convenience sample. Biographic and demographic data were

gollected in order to establish the characteristics of the

5, &roup.”

. Interrater reliability was détermined-using a second

o

expert PAP waveform interpreter. Using the same standard for

interpretation as the investigator, the second expert analyzed

~ TN

a-randomfgimple of 200 end-expiratory recorded PpaAp waveforms

from a randomly selected group of five of the first 34

subjects. A difference of lmmHg or greater was considered an
indication of disagreement. The second expert disagreed with
three percent of thev:esearcher's interprétations of pressures
based on the standar;s used (table 1). No changgs were made
In the recorded pressures based on these disagreements.

None of the differences between PAP interpretations exceeded

ImmHg .
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Table 1. 7
e s e Wavefo te tation
Case Disagreements Nufiber
= ' of
Diastoliq.&‘ Systolic Readings
. a " RT3 wio
] ’
1 1 2 40
5 0 0 40
24 0 0 40
: ‘
26 2 1 40
33 0 0 | 40
‘Total 3 3 200

Ethical Considerations

Prior to data collection, the researcher obtained ethical

¢

clearance from the Faculty of Nursing of the University of

Alberta, and from the institution in which the study was

conducted.

In order to protect volunteers from harm, care was taken

in the methods of this study to r-c -e the potential risk to

the patient. Nothihg was added to the normal care of the

criticallj i1l patients with a PA catheter with the exception

of the series of turns which took place over a period of
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apﬁ}bximately 60 minutes. To assure that the patient was not
exXpos to any potential harm from this added measure, it was
requi;ed to establish thaCWAMe patient could tolerate the
" series of ‘positional changes. This was dete;ﬁined by
reviewing the patient’s chart and discussin;, with the
patient’'s nurse, any.noted hemodynamic effect of similar
postural changes. In addition, if the patient demonstrated a

lack of tolerance of these pcsitional changes ing the study |
through an increase in heart rate g;eater than 20 beats per
minute, or an increase in respiratogy rate of greater than 20
breaths per minute, the patient was to be withdrawn from the
-study. No patients were withdrawn frem;the study for those
criteria. Informed consents were obtained from all
participants prior to theigggurgeryi(Appendix G). " The
subjects were assured of complete anonymity ana were informed
that 1f they wished to withdraw from the study at any point,

they could do so without fear of compromise to their standard

of care.



subjects subiﬁ%ts wich gg i

RESULTS

o
<
*

Tﬁe characteristics of the sample studied are described.
This is followed by a presentation of the results of the tests

of  the hypotheses,;and the analysis of subgroups including,

mechanicalﬁventilated versus non- me%;tcal‘ly ventilated

versu ap‘abnormal pH,

B ai
baseg on catheter” tip p051tion

artery hyperte&gﬁon.

-A convenience sampr%éngQO pbst-operat{vé cgrdiaé ’
patients was included in the study.@ Table 2 includes a list
of the surgicél procedures that the subjects had sustaiggd.
The majority (90@) of :he§e patients had undergone a coronary
artery bypass (CAB) proceduré. 0f the group of CAB patients,
four subjects had at_léast one additional surgical procedure.
The remainder of the subjects included three who had at
least one heart valve replaced, and oné subject who -had
undergone a Bentai procedure. All studies were conducted 8 to
32 houfs after surgéry (M = 18.45 hours) and took a mean

period of 49.5 minutes to complete (fange = 35 - 70 minutes)
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Table 2.
Summary of Surgical Procedures :: ﬁ@
Patient Diaznoées i Frequency
Coronary artefy bypass : 32

Coronary artery bypass +

Aortic valve replacement 3 s
Pericardectomy 1

. ] .

Aortic valve repalacment d 2

Triple valve replacement + ,
Annuloplasty 1

Bental procedure 1

The subjects ranged in agé from 38 to 71 years with a
mean age of 59 years. There were 31 males and 9‘femqlgs
included in the study. All subjects had ; 7 French PAP . »
catheter inségked via the right internal jugular vein. ?h 13
(32.5%) of the cases the catheter tip was located beyond 2 cm
to the right. of the subject’s mid-sternum. In 7 of the 13
cases the catheter tip was greéter than 3 cm beyond the mid-
stefhum. In 21 cases (52.5%) the catheter tip was located
within 2 cm of the.patient's mid-sternum. In the remaining 6
cases (15%), the cétheter waé located beyond 2 cm to the left

of the patient’s mid-sternum. A summary of the catheter tip

.location is provided in Table 3.



Table 3. /
vy of Cathetgr Ti ocation
'@3‘ : ,
Right of Mid-Sternum Mid-Sternum Left of Kld-Stegnum
> 2 cm) > 2 cm)
32.5% n=l3) 32.5% (n=21) L3% (u=0)

A toctal of 31 subjects were on at least oue
. .
medicactlion drip. Furchermore, 23 subjects were
one of ! commonly used intermittant medications
- -
potassium) within a period of one hour prior to
led

However, onlyv one subject (case 3i4)

PAP scudy.

vasoactive
given at least
\worphine
or durimg the

Jdewonstrated

clinically s-.gnificant changes in PASP and or PADP between

the three supine readings (Table 4 X 5) That su

given morphire 45 minutes prior to the study.

bject was

£B
Table 4. X
\'4 X S 0
‘ 15 &
Case v Sﬁpine Analgesic Given
1 2 .3 :

14 48.6 °  48.4 54.8 no

20 . 39.5 35.9 34.1 no

34 34.0°  35.8 39.2 yes
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Table 6.

"Summary of Caseg;wi;h PAP prérteﬁsiog

Case Mean Supine Pressures
PASP (mmHg) PADP (mmHg)
&l 43 26
13 47 25
, 14 51 26
20 36 122
27 38 21
* 32 58 26
34 36 23
39 47 26
42 47 20
43 36 21
45 36

20

4
There were 25 suﬁjects who were classified as being B
mechanically ventilated (MV) during the.study. The MV

patients included 21 who were- on intermittant mandatory

@{wxféntiﬁétion (IMV), and 4 who wefe on cdntinuous po;i;ive
'éifﬁd& éressure (CPAP). Of those subjects who were on IMV;
71%£Pended to have a respiratory rgﬁe th;t_closely matched the
rate set on the ventilator. The inspiratory préssure-of those
gbbjéc;s on IMV ranged from 15 to 45 cm of H20, with a ﬁean ;f
‘_3@35i2 cm{‘;g_HZO.‘The majority (93%) of non-mechanically
ventilated:£§HV) cases were on caid nebulization (Table 7). A
total of 9 subjeété presented with a H+ concentration <35 at

)

the time of the study.
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Table 7.

Ventilatory Status "
Type of Airway Assistance o : Frequency -
Intermittant mandatory véﬁtila;ion | -21
Continuous positive airway pressure 4
Cold nébulization ' , . 14
Nasal prongs , | 1 \vﬁﬁ/’

AI&hoggh a total of 47 subjects were investigated only
40 cases Qere entered 1nt6 the>study. Sevéh ;ases were
removed from thé study folléying the interpretation of tﬁe PAP
waveforms. Iﬁ Tablé 8 a list of rationale for the deletion
| of each of those 7 subjects i; prbvide&. The majority (71.4%)
of subjects who were.dropped from the study‘demonstrated
large d%%reases in the pulsevfressure in at least one of the 9
waveform_recordings} One subject (case 36) was removed ffom
the study because pg‘PAP variation attributed to intermittant
heart pacing.'-lt was not possible in thét subjeét, to obtain
‘end-expiratory PAP that wer; cpnsistantly’associated with
either paced or sinus origingted heart beats. During the
recording of the PAP of case 10, one of the vasoactive drug
f

infusion rates was changed so that that subject no longer fit

the criterion of hemodynamic stability.
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Table 8. ﬂ
Rationale;fot Removing Cases from the Stﬁév‘

Case - Rationale

lOb Henodynamic instability

’
15 All PAP waveforms were .dampened, suggesting that the
catheter tip was too peripheral ‘
S 17 | PAP waveforms in the right lateral position were
dampened- ' o
23 ﬂ PAP waveforms in the right lateral position were
dampened .
29 PAP waveforms in the left lateral and the third
supine position were ‘dampened
Teets of the Hypotheses
It was hypothesized that the PASP'and PADP recorded in

the supine position would not significantly diffet from the

PASP and PADP recorded in the right lateral positioh when
using the supine phlebostatic axis (P1) as a reference for the
positioning of‘the the transducer (Hypothesis la). The |

results indicated that there was a meau increase of 1.74 mmHg
-in PASP and 1.35 mmHg in PADP recordedﬁ&n the lateral position ‘y;

- compared to the supine. Although these changes were
statistically significant (P =~ < 0. 001) neither were

~considered to be clinically significant based on the normal
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fluctuation in PASP and PADP as described by Nemens and Woods

(1982). Mean PASP variations less thana5:?mHgvor mean PADPi A L ;? -
variations less than 4 mmHg were consideféq;tb be clinically * S

’ Ut
insignificant. N

It was hypothesized that the PASP and PADP‘rEcorded Lm;
the supine position would be slgnmflcantly less than the RHSB‘?
and PADP recorded in the left lateral position whgn using the
supine phlebostatic axis (Pl) as a referen%e for the
'transducer adjustment (Hypothe31s lb) The results indicéted
that there was a mean increase of 2.59 mmHg in PASP and 1.94
mmHg in PADP recorded in the left 1atera1 position compared to
supine. Again these mean differehce; were determined to be
statistically significant but not clfdically significant.

Hypotheses related to the use of the right lateral
phlebostatic axis (PZ) and the mid-sternum.(P3) as references

’

for the transducer adjustments were supported both clinically

and sthtistically (Hypotheses 2a & h, 3a &b respedtively).
Using the right lateral phlebostatic axis (P2) as the
transducer adjustment in the lateral position: a)'PASP and'
PADP was found to be significantly hggher in gthe rlght lateral
p051t10n thav the PASP and PADP in the supine position and b)
PASE éhd:PADE was found to be significantly lower in the left’
lateral ﬁétition thanyPASP and PADP in the supine position.

Using the mid-sternum (P3) ‘as a reference for the transducer

-



adjustment in the lateral position: a).PASP and PADP were

found to be significantly tower in the right lateral position *

than in:thé supine position and b) PASP and PADP were found to
be significantly lower in the‘igftwlateral posiﬁion than in,
the supine positien. | o |
A summary of the results of the tests of.the hypotheses
is presented in Table 9. With the exceptién of hypothgses la,
all tﬁe_hypothe;es were supported by results of the t-tests
(two-tail,(f - < 0.001). Furthgrmore,‘with the exception of
hypozhesis 1b, all tﬁgig;potheées were supported by the
clinical criteria based on the wbrk of Nemens‘and Woods
(198é). Using the supiqe phlebostatic axis (Pl) and the mid-
sternum (P3) as references for the transducer adjustments, the

»

mean PASP ‘and PADP measured in the left lateral position were

Jd

ccnsistently highef'than those pressurés measured in. the right

lateral po%®ition (Table 9).
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The result of an assejfment of individual PAP changes .
~revealed that there were 7 cases (subjects 4,7,12,13,14,20 35)
who demonstrated a clinically significant pressure change in a
latefal position using Pl (Table 10). 1In only one subject
(35) was more than one clinically significant pressure.change
found using P1 in the lateral positions. 1In thaﬁ case, the
significant changes were the'PAgP and PADP recorded in the
.’right lateral position (Appendix Q & R).

4 z

”Tasle "y

Indlvidual Pressure Changes from Supine to Lateral Using
the Supine Phlebostatic Axis (P1)

Position/Pressure Range Mean Numbegﬁgkceeding
(mmHg) (mmHg) Normal Clinical
‘ Variations in
Mean Pressure

(n = 160)
Right Systolic  0.06-6.80 1.74 3 L
Left Systolic’  0.00-6.07 2.59 | 2
Right Diastolic 0.00-6.17 1.35 °© 1
?a . - .
Left Diastolic 0.23-5.20 1.94 2

T-testé conducted to compare the variation in lateral
: \ :
PADP and PASP from the mean supine pressures are summafized in
tablesllo and 11 respectively. PADP did not significanély
-vary, statistically, or clinicaliy betweén the three supine

positjons. However, statistically significant differences in

-
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the PASP were exhibited between supine 1 and supine 2, and |
betweén s;pine 1 and supine'3. These PASP variations were not
clinically ;ignificant. Based onvthese results, it was -
decided to use the mean of the PASP and the mean of the . -DP

from the three supine PAP as the control variables.

i -
Table 11. \\‘3

’

Mean Differences Between Supine Diastolic Pressufes
i ) . 13

Comparison Using’ Probability Mean Pressure

T-test (2-tailed) Differences
(mmHg )
Supine 1 vs Supine 2 0.072 - 0.47
Supine 1 vs Supine 3 0.188 - 0.50
Supine 2 vs Supine 3 0.938 ‘ - 0.02
Table 12.

i

Mean D‘;ference Between Supine Systolic Pressures

Comparison Using ‘ :» Probability Mean Pressure
T-test . (2-tailed)” Differences
' (mmHg)
Supine '1 vs Supine 2 T'QIQZ3 - 0.76
Supine 1 vs Sypine 3 0.037 - 0.87
‘ ‘ i

Supine 2 vs Supine 3 ‘ 0.748 - 0.12
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u u alyse

Mechanically Ventilated and'ﬂon-meghanicallv Ventilated

The results of the series of t tests on the subgroup

analysis comparing mechanically ventilated subjects (n—25)
with non-mechanically ventilated subjects (n-lS) were 51m11ar

to the wresults described in the tests of the hypotheses wrth

one exception. Only the non- mechanically ventiléted shbjects« ; o

displayed statistically significant differences in the mean L
‘ T i G
PASP between the means of supine 1 and supine‘2 and between

>

e <

the means of supine 1 and supine 3. However,_these

differences were not clinically significant.

i

" Normal pH - ’ A

The results of the series of t-tests carried out on '

”:subjects with a normal pH (n—33) were essent1al}y no different

from those conducted on the whole group (n=40).

Catheter Position

The results of the series of t-tests conducted on the
three subgroups differentiated by the position of the tip of
the catheter_were no different from the results of the t-tests
conducted on the Whole group. Also, the Pearson r correlation
for the relationship between the total change in PADP in the
lateral positions (using Pl) and the catheter position in cm
from the mid-sternum was .0662. The Pearson r correlation for
the relationship between the total change in PADP in the

lateral positions (using Pl) and chest width was .0833.



Pulmonary Artery prer;énsion

O0f the 11 cases of PA hypertension (PASP > 40 mmﬁg and/or
PADP >20 mmHg), only 3 cases (13,14,20) demonstr .ed
clinically significant variations in a }ateral position using
the supine phlebostatic axis as a reference for the tran-ducer
(Table 4, Appendices R & S). In none 3§,those‘cases was there
more than one clinicially signifi;ant PAP in the lateral

position using the supine phlebostatic akis (P1l).

RN 2
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DISCUSSION
A brief overview of the majbr findings relating to the
hypotheses.is presented. This is foildwed by a description
of other findings‘assqeiated with the suhgroup analyses as '
. well as a summary of the mejor»iimitations of.the studyL In
addition, the implications of this reseerch fér'nursing -

practice and for future nursing research are propoéed;

Major Fiudinks

~
One major flnding of the study surrounds the results of

the tests of the hypotheses that referred to the use of the
supine:phlebostatic axis (P1l) asla reference)for a transducer
adjustment in lateral positions' The hypothesis that PAP
recorded in the right lateral position would not significantly
differ from PAP recordednin the supine position using the
supine phlebostatic axis as a reference for the transducer was
supported clinically but not statistically. The hypothesis
that PAP recorded in the:left lateral position would be
significantiy greater thah PAP recorded in the supine position
using the phlebostatic axis for the transducer adjustment was

o

supported statistically but not clinieally

|
Statistically significant changes in PAP could be

expected when moving a patient from a supine to a lateral



S

¥ position using a constant transducer adjustment (phlebostatic
(SO

a¥is) because of changes 'in the vertical height of the
r A

Given a constant physiological state, it was \\

that the amount of change in pressure would be

°

However, the calculated Pearson r coefficient between PADP

changes and the catheter position (r=.0662) and the chest
width (r=.0833) did not support that notion. Less than 1% of
the variability. in PADP in the lateral position was explained

4 .

by either tﬁe chest width‘or the distance of the catheter tip
from the mid-sternum. ¢

There may have been other factors that brought about
changes in PAP in lateral positions in £;is study. For
example, previo&s researchers have found both clinically and
statistically significant increases in the cardiac output in
the left lateral position (Doeriné et al., 1988; Whitman et
al., 1982). Although not clinically significant, the mean
BASP and PADP were consistently higher in the left 1a£eral
position than in the right lateral positioq, using the supine
phleﬁqstatic axis (Pl) and the mid-sternum (P3) as references
for the transducer. This would support the findings of Doering

\

et al. (1988) and Whitman et al. (1982). An increase in CO in

the left lateral position could be reflected in an increase in

63
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adjustments. In the sample studied, neither landmark for the
transducér adjustment was indicated as useful for obtaining
accurate PASP or PADP measurements with the patient in a gb
degreé laterai position with the head-up 20 degrees.. The
direction and the similarity in.the magnitude,of the pressure
changes using both e right lateral phiebostafic axis and the
mid-sternum as landmarks for the transducer adjustment in 30
degree lateral positions lend support to the theory that the
pressure changes observed may be due to hydrostatic error
alone. It should be noted that no correlation was found
between catheter tip position for total pressure change
however, as explained above, the cathete; tips were more
central than predicted. The results of the usé of the mid-
st;rnum (P3) as a reference.for the transducer adjustment
support the work of previous researchers (Keating, 1986; Wild,
1984) who examined PAP in lateral positions less than 90
dégrees.

In summary, the major findings of the study indicate that
the supine phlebostatic axis may be a,us2ful reference for the
transducer adjustment which allows for the collection of

4

reasonably accurate PASP and PADP in 30 degree lateral

positions in some patients.

Other Findings

Although previous researchers have found no differences
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in PAP between mecha caily ventilated versus non-mechanically
“ventilated subjects following various head;up positional
changes (Chulay, 198&; Nemens, Woods, 1982; Woods et al.,
1982), it.was expected that lateral positioning might
demonstrate significant differences between the 2vgrocps. Any
unilateral chest wall restrictions that might occur when‘a
subject lies on one side could potentially increase
inspiratory pressyures particularily in mechanically ventilated
subjects on positive end expiratory pressure (PEEP). . ‘
Increases in intrathoracic pressures couid then' be reflected
in changes in central vascular volumes and flow which in turn
would’ be reflected in PAP variations. This was not supported
by the results. The only importan; difference exhibited
betweeﬁ the non-mechapically ventilatec subjects and the

¢

mechanically ventilated subjects was in the chenges in the
PASP cetween‘the 3 supine control measurements.

Only the non;mechanically ventilated subjects
demonstrated statiseically significant diffé;ences between
the PASP recorded in the first and the second supine
positions. This could be explained by the researcher s
observation that non-mechanically ventilated subjects tended
to be more awake than the ventilated subjects. Thus, non-
mechanically ventilated eubjects would rend to be more aroused
phfsiologically b& the series of positional changes‘chat
followed the first supine measurements.

e



-

There were no diffdgences in the results when subjects
with an-abnormal pH (n=7) were selected out of the series of
statistical and%yses._ As long as the pH remained constant in
all subjects, eveﬁ in those subjects who had a‘low ﬁH, one
would not anticipate a variance in PAP resulting from a low
pH.

It was expected th. t subjects with pulmonary “ypertension
might demonstrate a different physiological résponse to
lateral positionigg which in turn would be reflected in
&ariations in PAP. However, there was 1it§}e evi&epée that
this was the case when individual variation; in PASP and PADP
of the lf’subjects with PA hypertension were examined (Table

- G g

4, & Apfﬂ %% S). . This may be due to the fact that

none of. were severely hypertensive. Another

physiologic response to the lateral positioning between these

two groups.
Limitations
The major limitations of the study relating to the

instruments utilized as well as the sampling técﬁnique are

presented.

67
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Instruments

| The criteria to¥inciude only subjects with a PA catheter
in the right.pulmoﬁary artery had to be abandoned because of a
concern‘for lack of subjects. It was observed that in the
unit in which the study was conducted, PA catheter olacementb

tended to be more central than anticipated.
. . -
The results of the statisitical analyses used to ' -
v ‘ L_\\.
demonstrate differences between groups based on catheter
. N

. i "
posigger should be viewed with caution due to the limitations

.related toithe interpretatioh of the catheter position. The

k3
e

catheter position was determined‘by-calculations based on
‘supine anterior posterior chest x-rays‘that were done within a

‘minimum of onehhour after the study. Pulmonary artery
. e . n ‘.’ . B
‘tatheters tend to migrate over time, and/or during positional

changes (Benumof. et al. 1977’- Daily, 1985). Thus, the

catheter Position recorded following the chest x- ray may not

Pl

‘&:

have beenc¥bp1esentative of the catheter position throughout
the study. Also, the actual vertical height of the'catheter
tip:in the 'supine position could not be determined using an : -
anterior oosterior chest x-ray. It was assumed that supine
“tatheter\tips were at the level of the supine phlebostatic

axisY This assumption may héve been false. Furthermore, no

attempt was made to éorrect for error in chest X-ray .

2‘)

interpretation that may have resulted from slight degrees of

&

patient rotation. : \
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Although ‘a 30 degree firm foam wedge was used to offer
soie consfstency in the sidelying position, there may have
been some element of change in the trﬁe‘lateral angle due to
the variety of patient sizes. Also, some degree of change inl
" the actual level of the cathetér tip in relation tg the
transducer adjustment may have occured as a result,of‘the
patient slipﬁ&ng down in bed. 1In 19 subjects the average
change in the vertical height of the supine phlebostatié é;is
was 1.6 cm. This was documentedﬁ%§ mafking the 3 verticélt
heights of thg supine phlebostatic axis along the vertical'L
axis of an intravénous pole. waéver, subtle differences in
theléupine pésit%on méy have resulted in soﬁe ergor in.terms
of recdfdiﬁg thé vertical Heights of the phlebostatic axis.
Sample i bv

The‘study was conducted on a conveniencélsample of 40
subjects. Generalizing the results sgould be resfricted to
other grouﬁs with similar actributesq%%Replications of this
research on a variety of patient population; would hgve go be
conducted in ordér &o’strengthgn the extgrna1~va1idity of the,

“study..

; : f - - . “

Implications for Practice and Research
) , v B —

Implications for Préctice

R4

In mos%;patientsuwith similar attributes to the sample

R

. " R ’ §.
studied, the supine-phlebostatic axls may be a useful

¥

3
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reference for the transducer adjustmeht that will allow the
nurse ﬁb obtain reasonably accurate PASP and PADP while they
are in an approximate 30 degree lateral position with the

head-up at 20 degrees. Patients with similar attributes wou'd

.include both male and female post cardlac surgical patients ..

whom time elapsed since surgery is greater Fhan 8 hours, and
who range in age from 38 to 71 years. An increase in PASP (<
5 mmHg) andﬁPé?P (< 4mmHG) in both the right and left lateral
position should be expected. 1If the changes observed

represent decreases in PASP and P:DP and /or exceed a change

of 5mmHg and 4 mmHg respectively when compared to the supine

readings, the author recommends that all PAP should be taken

" in the supine position.

Because some patients may show clinically significant

changes in PASP and/or PADP when moved from a supine to a 30

degree lateral position, .it is recommended that a careful

-'record of the PAP change and the position should be kept to

‘ determine which patients could have valid PADP and PASP

measured in a 30 degree 1ateral position This would allow
nurses to refrain from subjecting some patients with PA
catheters to the stress of freouent repositioning -

- It should be emphasized that the results .would only apply

2

to the measurements of PASP and PADP The effect of lateral .

;”positioning on PA. wedge pressure (PAWP) was notxexamined in

this study.and-thus it is advised that nurses-should continue



to obtain PAWP with the patient in a supine position. ﬁhen the
balloon on the tip of the PA catheter is inflated to obtain
PAWP," the catheter is thought to float more peripherally.

This could potéﬁtially exaggerate  hydrostatic error when the
patient is in a lateral p;sition. However, where PADP could
be used as a relative indication of PAWP, the direct
measurement of PAWP could be reserved for the supine position,

and estimated from the PADP when the patient is in a 30 degree

lateral position.

Implications for Further Research

Replication of this research using different patient
populations would bé.necessary }n order to generalize the
results across critical care units. Also, further research

5
amining different lateral angles would help to determine the

B

useful as a zero reference for the transducer adjustment in

lateral positions.

¥ “extent to which the use of the supine phlebostatic axis may be

71
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APPENDIX A

Fo e 1 o‘ te Catheter

[
Thermister

i .. Location of the
- thermister
Location of’fhé
balloon >

Distal Lumen
Distal Lumen
: opening in the ___-#
pulmonary artery eft Atrium

s

Proximal Lumen
opening in the
right atrium

. -Left Ventricle

Right Ventricle



APPENDIX B

Obtaining Pulmonary Artery and Pulmonar . f“

Wedge Pressures ~

~.

. S .-
balloon inflated and

‘ obstructing flow in a
branch of the pulmonary

artery

balloon deflated
no obstruction of flow

Pulmonary &rtery Pressure

IS
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. APPENDIX C o B

BN .
Vasc es a v that may be nito
a ona t Catheter N

4.
oy

Pulmonary Artery Pressure g Hr

This pressure may be obtained from the distal lumen of
the catheter located in a branch of the pulmonary artery.

Pulmonary artery systolic pressure (PASP)

normal PASP = 20-30 mmHg '

reflects the force generated by the contracting right
ventricle_during the ejection phase and the pulmonary
vascular resistance which is a function of Poiseuille’s law
of resistence (vascular resistence = viscosity, tube
length, and 1/tube radius (4th power)

Pulmonary artery end diastolic pressure (PAEDP)

normal PADP = < 12 mmHg ,

Because the pulmonary vasculature is a low resistance bed,
the PAEDP generally does not exceed left atrial pressure
(LAP) by more than 2-4 mmHg and thus has been used as a
relative indication of LAP. The correlation between PAEDP
and 1AP is unreliable if there is pulmonary hypertension
(Marini, 1986; Daily, Schroeder, 1985; Pace, 1977) or if
there is a tachycardia > 130 beats per minute (Daily,
Schroeder, 1985). ' ‘

Pulmonary Artery Wedge Pressure (PAWP)

This.pressure may be obtained from the distal lumen of the
catheter when the balloon located near the tip is inflated

so that it obstructs flow from the right heart past the tip '

of the catheter. In normal subjects, PAWP, LAP, and left

ventricular end diastolic pressure (LVEDP) are interchanpge-

able (Pace, 1977). Normal PAWP = 5-12 mmHg
Right Atrial Pressure (RAP)-
This pfeésure reflects right ventricular end diastolic

pressure (RVEDP) which is an indication of the preload or
volume in the right ventricle. Normal - 2-5 mmHg. '
N ,

L

-
j‘; 3 . . s



Cardiac Output by the Thermodilutional Technique’

Normal resting cardiac output = 4-8 L/minute

A solution of known volume and temperature is injected into
. the right atrium in less than 4 seconds. A thermister
situated near the distal lumen of the catheter, records the
temperature changes as the sqlution flows past the
thermister. Provided a cardiac output computer is connected
to the thermister wire, is calibrated, and is operated
appropriately, the cardiac output is calculated by the

computer on the basis of the temperature changes detected
by the thermister.
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APPENDIX D
urces o or Due to
dr atic [} Pressu'e

Tip of catheter

;‘?“‘\~Error due to

’ . hydrostatic
Tfansducer///' - head of pressure
air fluid
interface

N

Error due to
’/// negative
‘hydrostatic

pressure he:

Tip of catheter

Reference Level

Adjustment of the
vertical height of the
transducer that eliminates
hydrostatic -head of
pressure
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APPENDIX E

Sources of Error Due to

Mid-sternal Reference lLevel

™ Right Pulmonary

Artery

Gatheter Tip
- . Right Atrium

Right Ventricle

Catheter Tip™ ™~

Heart in .Right
Lateral Position{90°)

" Left Pu

Heart in Supine Position

Mid-sternal
reference level

Error
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lmonary

Artery

ianeveeeean. Phlebostatic

dererence Level

Left‘Ventficle

Catheter Tip

t

Heart in Left
Lateral Position (90°)
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‘ Txrapsverse Views of
: the Thorax

‘tatheter
Tip

3

-
Supine Position

P.1 represents the vertical height of
transducer when. the patient is in
a supine position. ;

P.2 repra&gnts the vertical height of
the phlébostatic axis.

P.3 represents the vertical height of
the mid-sternum.

_' <«P.1

P
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T T
[N

--+-- - Llevel of the Li}) of

.the catheter

P.3

P.1
Fr.he

tip of the -
cathefer

P.2

Right Lateral Position

i
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ABPENDIX G ) C =

. . Consent : . . -

18} .
, CONSENT FORM A
UNIVERSITY OF ALBERTA FACULTY OF NURSING

Projeél Title: A Comparison of Putmonary Artery Pressures in
Supine and Lateral Postttons wusing Three Adjustments of the
Pressure Transducer. C - N }

. o : ) ¥

fnveastigatotr: Carotyn J.M. Ross HN- Candidate ) L !

1 (print "'name) have had the . study
entitled "A Comparison of Pulmonary Artery Pressures 1in Supine
and lLateral Postitions using Three Adjustments of the Pressure

, Transducer” explatned to "'me verbally by Carolyn Ross. o
understand that: a) a special line {s placed in the blood
stream as part of the routine care of patients who have
operations such as the one 1| will have; b) this special line
called a™ pulmonary artery catheter, provides the staff witi
fmportant informatf{on about the performance of my heart: c¢)

~§ accurate {nfaormation-from this line <can be obtained'uhllg
patlents are lytng on thelr backs; d) {t 1Is not

. accurate Information can’  be ohtafned from this
patients are ‘lying on thelr sides. I understand thal th
purpose of this study .{s to help determine {1t accus
{nformation can be obtalined from this line when pavtlenti are

lying on either thelr right or left sides. . .
The study will be carried out within 24 hours after ay ~
aurgery. [ " understand that my participation (n this study\
will require. my doing gne thing which s not routinely done.
Gver a pert{od of about one hour., [ will be required to change ’
- the position in which -1 am lying S times as follows: pack,f
stde. back, stde, back. A rest perfod of about 10 minutes
-will follow each position change. Durfng the study the head

orf my bed will be kept up about two pillow hetghts, and when |
‘am on my side, a firm -foam uvedge will be placed behind by back
for support. To test' the informatfon obtalined from the line,
2 points on my chest will be marked with a felt pen that haas
washable {nk.

N

I underatand- that {f | do not participate in thisa study
it will not {influence my medical or nursing care. I
underatand that [ may withdraw from the study at any time.
Afso, ! understand that any information which may {dentity me

will .be kept only by the researcher and will be destroyed at
,the -end of the study. . -l ‘understand that ! will remain
-anonymous ifn any research ‘report that may reshlt trom this
study.' ' -

| realtze that there mavy be no direct benefit to me for
particlpatlng in this study, but that the results of this
study may benefit the nursing cafe of patients in the future.
| have been given the opportunity to ask: questlions about
this study, and all such ques&ions have been answered to my o
satisfaction. ‘ &ﬁﬁ
| agree to take part as a volunteer in the above study
Signatures: : o -
] Subiect: Witness: N
{ Date:

i

g .. N
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Transducer
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Sequence

Sequence
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—

28.
29
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o~

—

3,2,1°
3,2,1
1,2,3

10
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31

32
33

34

12,3

35
36
37

3,2,1
3,2,1

14N

13
14
15
16

1,2,3 -
1,2,3
3,2,1
3,2,1

T 17

38
39
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19
20
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1,2,3"

Y

85



*

APPENDIX I . .« 7,

a ‘Data .  °

.. . : .
. B . . v
v L

B8lographic and Demograph;é D;t;' .

Patient’s Name: : Hospital No..
Admisgion date: Date study completed: o
Patient 1d. code:_ . Age:_ ~ Sex:__ Helght:__.__ Welght:__
Chest: circumference width ___ depth _ - - .
Location of catheter: N 4 ’

Diagnosig: ’

-

Current fluids and medications: [V t{ntake/hr:
PRN med (given 1 hr before or during study)
Routine med: Dopamine Nipride Nitroglycerin s
Other : ' ‘ R

\

Mechan{cal ventilator assistance yes no 3t yeé describe)

Mode: ] Rate: Inspiratory pressure: ~Peep
Flo2: He: Pa02: : Suctioning during study
Time stddy started Time study pompleted.'

Coqps randomly assigned for 10 breath pressure recordingé

“Group A / Group B deé Pressure. Pulise Resp.
. Mean ' )
Pas{tian Transducer . PASP PADP.
Sequence _Adjustment. P ’
Sequence -
Supine 1 P.1

R./L. Lat. P.1 or P.3 _

Supine 2 P.1

. ~

L./R. Lat. P.1;0r P.3

P.2
P.1 or P.3 i )
. = %
Supine 3 N S §

“Circle the assigned group and transducer sequence used. Note:
Pati{ents are assigned alternately to position sequences A 6r B
following the random assignment of the first patient. Within -
the groups, patients are alternately assigned to one ' of two
sequences of transducer level adjustments.

»

" R./Ls Lat. (right or left lateral position)
F.1 (transducer is level with the supine phlebostatic axis)
P.2° (transduder is ievel with the lateral phliebostatic axis)
P.3 (transducer {s level with the mid-sternum)

o . s
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APPENDIX J

ot Pulmonary Artery Pressuie Protocol
, L = > - R

.

b

Protqcol.for}the'Pulmoﬁary Artery Pressure Study
. T ‘ — )

1. A portable Hewlett Packard Neonatal Monitor (78801B) and
-Gould 22400s four channel strip recorder will be brought
to the subject’'s bedside, attatched to a power source,
turned on, and allowed a 15 minute warm up period.

2. ,The subject’s PA transducer will be detatched from the
—bed31de monitor and attatched to the portable monitor.

3. An electrocardlographlc cable will be attatched to three
electrodes that will be placed on the patient’s chest
.wall as follows: the black connector will be attatched
to an electrode placed between the 2nd and 7th
intercostal space on the right mid-axial line, the green
connector will be secured to an electrode placed‘between
the 6th intercostal space and the waist on the left mid-
axial line, and the white connector will be attatched to
an electrode\placed in' the 2nd intercostal space on the
left side of the sternum.

. -

4. The subject's right phlebostatic axis and mid-sternal

landmarks will be located and marked with 2 water solubleA

felt pen. i
5. The subject will be placed in the supine position.

6. The angle of the head of the bed will be adjusted to a 20'
degree angle using a 20 degree wedge. :

7. The graph recorder and the transducer will be calibrated
using a mercury manometer. ;
‘ ‘ . .
8. The air- fluid 1nterface of the transducer will be
adjusted to P.1. "55 '

9. A stopwatch will be utillzed to signal the elapse of five
minutes from the completion of the position ~hange.

87



10.

11.

12

13.
.14,

15.
16.
17.

18.

19.

20.

‘The randomly numbered graphic printouts will be stored
and interpreted once five studies have been.completed

APPENDIX J

A receording of'éﬁe electrocardiogram (lead I), - ’
respiratory waveforms and the. pulmonary artery waveforms
will be done over 10 consecutive patient breaths. The
printout will be assigned a code and then removed‘from
the recorder.

Subjects in.group A will then be placed in the right _
laferal position (group B in the left lateral position)

During a 5 minute rest period> (timed by a stopwatch) the.

researcher will adgust the transducer to either P.3 .or
leave 1t at P.1-
'R

Repeat step 10.

_Adjust the transducer to P.2 and then repeaﬁ step 10?y

Adjust the transducer to either P.1 or P.3 and repeat
step 10. : .

Place.the subject in the supine position and repeat steps

- 8-10.

Subjects in‘group A wil]l be placed in the left lateral
position (group B in the right lateral).-and repeat steps
12-15. : L

Place &he subjéét in the supine position ‘and repeat steps
8-10. . -

The PA transducer cébie wiil be- reconneéted to the
bedside monitor and recalibrated

B

e



Black electrode: -
_between 2nd and 7th
intercostal spaces
(right mid-axial line)

B

_ APPENDIX K

ec

ode Positioning

>

<D

89,

White electrode:
level with 2nd
intercostal space

Green electrode:

between the waist

and the 6th intercostal
(left mid-axial line)
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[ _ Q_&Lip;atiou .

- /Va lve

Air Bulb

Zero Referepce .
Port : 7

t \ @)Y
Pr%re line
to jent's
carke

25

10

tec (oft)/ )~ \ { AR

/ ‘ —~ Pressure
Transducer Connecting Mercury Mypometer
to Transducet
3
ASHN

N \Cable connected tp.
Strip Recorder

Schemytic of the system used to calibrgty
. the pressure transducer

-the squeeze bulb way used to provide a
a pressufe on the mefcury manometer apd

the qutput of the transducer was &djugtgd

. to ap’ apptopriate level on the sCrip
_ chart using’ chg gain control
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~ Catheter

e

" X-Ray Landmarks
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Case

O 00~ D L=

to

S‘ijgine
an

25.06
30.33
24.70
35.33

-~ 21.03

- 24,33
24,67
33.47

- 29.33

43.07

31.73

47.00
50.60
32.30
20.00
21.80
36.50
22.57
36.17
25.33
34.80
24.60
37.57
27.20
20.20
23.90

-58.17 -

20.10
36.33
36.13
23.03
33.87
47.23
24,57
25.20
46.70
35.80
29.40
35.93
26.93

1
-1

-3.
-1.
.23
-1.
-0.
-1.
~-1.
.87

.30

30

-1

~5.
-3.
-0.
. 80
~6.
-3.
-2.
-0.
.40

-2

-1.
-2.

-2

-1
-1

-3.
.10

-1

-0.
-5,
.57

-2

~4,
.13
.63

-1

-1.
.60
-3.
-0.
-2.
-0.

.06
.33
.80

37
17

23
73

17 .

73

80
30

80
33
13
97

50
13

.40
.90
.30

63

67
57

63

30

10
60
77
67

c

-2,
-3
~7.
-4,
~=5.
-6.

-4

. =4,
-3.

-6
-5

-5.
-9.
~7.
-8,
-3.
12.
-7.

-8
-8

-6.
-7.
-6.
-3,

12
-6

10.
-5.
- =7
10.
-5.
-8.
-6.
-7.
-6.

-
-J.

-7

-5.
-7.

-7

‘Right Lateral
P2

ea

APPENDIX Q
S
ed to
P3

14 11.26
47 11.63
20 5.20
47 12.33
97 7.63
67 4.83
.43 8.17
73 12.37
97 7.33
.33 9.27
.17 11.13
60 8.70
50 4.40
S0 + -9.70.
60 7.30
20 11.70 .
00 -3.90
03. . - 5.47
.23 ¢ 5.07
.07 . 8.23
80 6.00~ -
50 5.90
73 4.87
80 4,40
.80 -3.90
.80 ~7.20
63 - 6.17
80 9.10
.07 5.63
97 2.33
67 6.03
83 1.67
07 8.13
43 10.07
90 5.00
30 8.80
.70 . 3.00
10 T 7.60
17 C7.23
.97 5.63

S

te
ne_Readings

.66
.53
.70
.03
.23
.93
.77
.97
.83
.87
.83
.20
.50
.70
.50
.80
.10
.17
.57
.43
.10
.80
.03
40
.60
.40
.37
.10
.43
.03
.03
.27
.93
.17
.50
.20
.60
.80
.43
.33

‘Negative number indicates that the lateral pressure
' greater than. the supine pressure (Supine - Lat-val)

T

95

Left Lateral
P2

is

P3

.06
.43
.504
.63
.53
.33
.57
.67
.93
.67
.23
.50
.10
.80
.90
.70
.10
.57
.77
.33
.30°
.70
.77
.50
.40
L60 .
.97
.10
.33
.53
.33
.77
.13
.17
.80
.60
.60
40
.53

13



APPENDIX R

Individual Meén Changes in the Lateral

' Diastol c Pressures Compared to Mean Supi

- Readings

T

Right Lateral
P2

. .

N~ ™ ~NOM~SQ ~m o ~ors koo omr~mormmmor~m

e 50 3m85/4 — A 31m9m4ZQM%37100262812/491517.99
.....................................

a 855876788m8 OOV OVONNVOVORDONOINOONONNODONNSSO T

007300 737%633337000%V30733
AIJFOOD MNOANMMOMNGO DA™MD

Left Lateral
P2
6.97
27

-P1
-2.03
13
40
37
00
13
20
97
33
90
20
53
70
30
00
13
37
23
00
14
27
53
17
57
33
40
60
40
67
13
23
50
03
17
87
87
10
97
37

~N~0OM 70370 ~NMQOO 737%633337000377J07
. 807085280 NSNS aVIn NTFTOOT vTOT VNI

......................................

P3

4
&

-2.93
53
30
07
80
93
30
27
83
60
30
53
73
40
10
00
33
37
83
40
%
47
07
87
27
03
90
90
90
77
43
77
50
93
17
97
77
50
83
37

¢ e e 4 s . . . . . * e e s s 2 8 e .9 + s & » e & + s B s & e s e s e v e ®

P1
-0.43
93

........................................

Supine

tdean
12.57
17
60
83
70
87
60
93
3.07
70
00
87
93
70
40
00
77
63
77
30
06
33
73
13
93
17
80
10
40
73
17
13
20
07
33
03
83
20
07
83

Case
1
2
3
4
S
6
7
8
9

11

12

13

14

16

18

19

20

Lol

.

Negative number indicates that the lateral

ressure is

{ﬁeral)

~

greater than the supine pressure (Supine -

¥
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