. I1LSBN. A |
s ‘ T B /
BRI h ’
SRS

i ° . .
g l* - ‘National Library of Canada Bibliotheque nationale du Canada '
T * -Cotlectians Development Branch - Dirgction. du developpemem des collections
I
Canadian Theses on Service des thésés canadnennes '
Microfiche Service surmicrofiche .
" Ottawa, Canada: . : , : ' /
K1A ON4 : v | 15
- . ' ’ < ‘ i \
;
NOTICE ~AVIS '

The quel'ny of this- microfiche is heavily dependent
upori the ‘quality of thé original thesis submitted for

 microfilming. Every effort has been made to ensure

the highest quality of reproduction possible.

If pages are missing, contact the university which
granted the degree " .

Some pages may have mdnstmct print especnally

if the original pages were typed W\th a poor typewnter_

ribben or if the university sent us a’ poor phot’ocopy

Previeusly copyrighted materials (]ou'r:nal articles,
~_ published tests, etc.) are not filmed. 4

-
°

" Reproduction in full or in part of this film is gov-
erned by the Canadian Copyright Act,

c. C-30. Please read the authonzatnon forms which

accompany this thesns /

.. 'THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-339 (r. 82/08) . . A

de reproduction.

R.S.C. 1970,

La qualité de cette microfiche dépend ‘grandement de‘

la qualité de" la thése soumise au micrgfilmage. Nous -
avons tout fait pour assurer une qlalité supérieure

sz

Sl manque des pages, veunllez communiguer
avec I’ umversnte qui a confere le grade.

ERR R P

La quahte dnmpressuon de certaines pages peut

laisser a désirer, surtout si les pages ongmales ont été
dactylographnee& a l'aide d'un ruban usé ou si 'univer-
sité nous a fait parvenir une photocopne de mauvanse

quahte

Les documents qui font déja l'objet d'un droit
d'auteur larticles de revue, examens publiés, etc.) ne
sont pas microfiimés.

La reproduction, méme partietle, de ce microfilm
est soumise a la Loi canadienne sur {e droit d'auteur,
SRC 1970, c. C-30. Veuillez prendre connaissance des
formules ‘d"a'u::yatiop qui accompagnent cette these.

)

LA THESE A ETE
MICROFILMEE TELLE QUE.
~NOUS L'AVONS RECUE

r

P

Bl ez e s iDn g BT T e



|

‘National Librery'_': N

of Canada - - . 4 Canada

; Canadnan Theses Dlwslon

B

~Ottawa, Canada ) . o
K1A ON4 - -~

ALY 63877\

‘ Bnbhotheque natronale o

Division des theses c’anadrennes )

s ._("

PERMISSIQN TO MICROFILM —_ AUTORISATION DE MIOROFILMER

Lo // . /' . .
J’ / R o F ] ’ N ’ oL - < ‘
Please print or type - Ecrire en lettres moulées ou dactylogra hj'er ~ -
ull Name ot Author — Nom com-pl,et de l'auteur o ‘ -
el - g L( T S "
O See ) ~./c’-/r'() )}o ’///}C /I - /\i 15/"" / o ’_. . . AP : b
. : - hd . . . .

)ate of Birth — Date de naissance

Countrygof Barth — Lneu de nanssarrce

Fedb. 3 )59 (mmn/a, - »
’ermanem Address_—, Résidence fixe .- - C
'-:“ B - . . N ) - -0 K ) AN -
f} "//( "- < (,Q{j,} 7l Lt o \ N
. /////( )//L yl /‘)/6_4 »(f?l/’ : /-'“é & /"‘D."Ar . ;
Title of Thesis — Tltre de la these -
7 {;/{'('7“ ot 5/}//0//(4( St/ Sum‘zc,; Cult/ o
' "Zun} /g/ u;//rru%(,) ) r//ff/rﬂ/ XJ»)(;WV’C/’ | R
L . X - S
I ((I//(a//é T //// //S -
s '
DU sl : g B ; \ a .
: ' 7 - . ' \
Jniversity — Université - NPT \\'
Ll rsity o ”//‘/)""H/"L’" L r
Degree for which thesis was presented —-Grade pour quuel cette thése fut présentée )

/- . /{/

Year this d’egree co'nfepréd&— Année d'obtention de ce-grade

/PSE o B

. Nam_e of Supervisor — Nor_n,du directeur de thése

/> BN ":

) R . .
U T evanne Y

Permissioniis hereby granted to the NATIONAL LIBRARY OF
CANADA to microfilm this thesis and to lend or sell copies of:
the film. by

The author reserves other publicétion rights, and neither the
thesis nor extensive extracts from it may be printed or other-
wise reproduced without the author s wrltten permission.

Loy

3
s

L'autorisation est,-par la présente, accordée a la BIBLIOTHE-
QUE NATIONALE DU.CANADA de microfilmer cette these et de
ptéter ou de vendre des exemplaires du film.

L auteur se réserve les autres dpoits de publication; ni la thése
ni de longs extraits ‘de cellexci ne doivent 8tre imprimés ou
autrement reprodunts sans l'autorisation ecnte(de l'auteur.

ES

0-3/S - 1596 8-5

e AR e 3 o mmesea ]

i nin i

A2 e iy

;7({‘1 F‘)N/gi ///ﬁ(r////c("\ //Zd(t/
Date / Slgnature
N
NL-91 (4/77) " ' ' Lo -~

be
]

At D



5

R ,
. .THE UNIVERSITY OF ALBERTA |
‘. /: ’ '

T

EFFECTS OF ENDOTRACHEAL SUCTION AND LUNG HYPERINFLATION ON.

_ “ARTERIAL OXYGENATION IN CRITICALLY ILL ADULTS 1_>"

by
~ 7™ - SUSAN MacKINNON-KESLER
. s °
A THESIS

ZISUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH

- IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR' THE DEGREE

OF MASTER OF NURSING

: ) . EE . -
. . [ s \ .
b .
. f N .

FACULTY OF NURSING

EDMONTON, ALBERTA

»

SPRING 1983

HBA

St




=5;NAME or AUTHOR

p*l T
QDEGREE FOR WHICH THESIS WAS PRESENTED MASTER OF NURSING

M .

\‘“TITLE

.,'

,5-".’ e

o S ' ' | S v

THE UNIVERSITY OF ALBERTA “=ﬂu’jajwu“; |

/ L e
RELEAsE FORM R I

“.E@SUSAN MaéKINNON—KESLER

OF THESIS '_{{EFFECTS/OF ENDOTRACHEAL SUCTION AND LUNGfpl

e ;NHYPERINFLATION ON ARTERIAL oerENATION7f71

.= - IN CRITICALLY ILL ADULTS

)
-

YEAR THIS DEGREE GRANTED SPRING 1983 ,fv.Tbﬁ".*{f\f*”?'

'ALBERTA -LIBRARY to reproduce SIngle ‘copIes ‘of thls’s
- - \nr;;l
thesis and to lend Qr sell such copIes -fo prlvate,x’

PermISSIOn s hereby granted to THE UNIVERSITY 0F335

Y

scholarly or sc1ent1f1c research purposes only

The author. reserves other pub11catIon rlghts, paﬁd'

ﬁEIther the theSIS nor exten51ve extracts from it mayf“

ertten‘permlsslon.,' ' __?”
o . L ;(SIGNED) /4577 /ki;

B - PERMANENT ADDRESS‘ fiﬁ.c'-

N A Y 2

| /MW%,.M

3

7224: 62§{57........;;;..-'

‘be prInted or otherwlse reproduced wlthout the author s,'ﬂi,-pl

)

PRI ST S ’

S3g i N ettt s g

PRIV 2 S RS

i AR e b wTeime t



@

';‘j THE UNIVERSITY OF ALBERTA

) The Undﬁfsﬁjned CertlfY that theY have read aﬁEF,ﬁ

recommehd to the Faéulty of Gyaduate StudaeS(and ReSearch

!E
(-4((‘ \Jn

lffor acceptance, a the51s entltled EFFECTS OF ENDOTRACHEAL

',._.’,.A"SUCTION AND LUNG HY ERINFLATION ON ARTERIAL OXYGENATION IN

' .CRITICALLY ILL ADUfTs subdltted by SUSAN MacKINNON KESLER{@%;;

}

'”partlal fulfllment oﬁ the requ1rements ior the degree of e

'?L,¢MASTER OF NURSING.{_[u'f‘“'

rie

‘v.- :A‘- N ) » - . B L. -
Sy s b e s L T

e



fLWe g1ve thee but Thzne'ownlfﬂfmf_:fd”

e er the glft may be-;‘

There 1s.noth1ng for:anyone to boast of

_'For we are Godgs hand1work created 1n1vy;g<

‘ Chflst Jesus to devote selves 1n the

'Lffgood deeds for whlch God has de51gned us. fif”'t'

Ephe51ans 2 10sq

. If a‘man’ must boast ’let h1m boast of the Lord:{

R e " '_‘[;;‘  ‘ Flrst Corlnthlans 1 31

l‘/‘:‘;_-' =




8 a}ffuprevent1ng suctlon induced hypoxemla.;;,ﬁffhﬁjffrﬁ;r'“

'\h“fdependent

S '--Abstract

‘Endotracheal" suctlonlng 1s ~frequent1y requ1red

lﬁremove pulmonary secv

B ./-

A
A

";fgfour endotracheal su:gqon o protocols ﬂiﬁ reduc1ng )orfw{f

"Vlk_' Tlme) Q w1th1n ) subjects counterbalanceég."
"fflexperlmental de51gn was u5ed t Each subject was exposed to:”

',Afall four suctron protocols and durlng :eachu.rprotocol,

ﬁff(prebasellne, basellne, and o, 60 129 180 1seconds after

afhdependent varlable for each subject.

N

Suctlon Protocol “hwas;' h hbsp1tal -ICU sucfion

3fprogedure, whlch reflected standard cr1ter1a for suctlonlng.

" e;Protocols II III and IV vere . 1den{lcal to Protocol RS except
'*for'fthe 'addltlon «éf hyper1nflat10ns."l Thef“ tlme f'off

:admlnlstratlon of the hyperlnflatlons dlffered for Protocols

II to IV. Protocol II“ hyper1nflatlons occurred before

l5uct10n1ng,' Protocol 111 hyperlnflatlons occurred after

suctlonlng, and Protocol IV hyper1nf1at1ons occurred before

f\fbetween ’.and. after suctlonlng " A hyperlnflatlon was

defined at 1.5 times ‘the -trdal Yolume_ setting on the

tlons from the resp1ratory tracts ;an?-
f];fjcr1t1cally 111 patlents-:{ The suctlon procedure however,;ff.'
“pl 'T7the patlent at rlsk fo& hypoxemla._fflmh purpose”.i_

therefore,'waé to assess the eff1cac1es off'i»”

’*lﬁcrltlcally,:lll adult patlents.,jt A two way”"
g S :

_rlables were measured ﬁf six time. 1ntervalsv'

s

: rfsuct1on1ng) o Therefore, 24 measures were obtalned on. eachf**
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_

'the same effects

L Loy e PP . . X
i" ., _..;“ ) x‘( - . .. .

‘?dependent varlables‘ were of 1nterest' heart rate'"partlal‘

Zpressure of oxygen (PaO ) saturatlon ~of - oxygen (SaO )

:'Qcalculated from Paoz and blood pH ‘ well ‘as meashred_:‘
d1rect1y .w1th ,an;;ear‘ ox1meter, and ;the vtranscutaneousv

ypartlal pressure of oxygen (tcPO )

‘ . . . . oA

r -
»

and fylme ma1n ffects ﬁand a: s1gn1f1cant Protocol X T1me;

-interaction.,‘ Slgnlflcant T1me effect and Protocol x Time

[

.interactioﬁfkwere also found fo? calculated SaOz ';' These
.data indicated ‘that .Protocol 'IVF waé, most effectlve in“
'_guardlng ‘agalnst suctlonrlnduced‘ hypoxem1a s1nce PaOz was_
‘hlgh compared to the ‘other protocpls. 'The-real vvalue\_of
':the hyperlnflatlon procedure 1n Protocol v Seemed to be the

~A_repeated hyperlnflatlons (before, between and" after.’

. uctlonlng). - Heart rate‘fgenerally was not sen51t1ve to

o

7

Other analyses demonstrated hlgh positive. correlatlonsi

between calculated SaDz and ear oxlmeter,~Sa02 and between

Pa0, and tcP0;. - .

“In this study the 1mp11cat10ns of hyperinflatipns in

"protectlng “the pat1ent from suction-induced hypoxemla were

discussed and suggestlons,regardlng nur51ng§ practlce were

of fered.

vi

'3‘£dl,"

.ll,patient“s 'volume control vent1lator.,, . The 'follouing

Analyszs of PaOz data demonstrated 51gn1f1cant Protocol.d

)
)
1
1
B
H
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‘those with normal cardigpulmonary systems.

1. Introduction;

lﬁf;Endpp;acheal suctioning 'ijrfrequntly- required to’

" remove pulmonary secretions from the respiratory tracts of

.criticaliy‘ 111 jpéfients. In the ‘“intensive careﬂ unit

(I.C.U.5 it is the‘anurse who ‘is responsip;éf for: (1)

n

assessing ‘ the . need for endotracheal suctioning, (2)

‘executjng the procedure, and (3) evaluating the outcome

(Grossbach-Landis, 1979). nce suctioning removes air

a T

koXygeﬁ);ég well as.sec?etioﬁs‘ft should‘%bi’bevregarded as

a benign nursing procedure.

~ When the paftiai ‘préssufe of :OXygen (Pabz) .in the
arterial blood falls weli below normal, as'ii can with

suctioning, complications such as cardiac arrhythmias and

death may occur (Shim, Fine; Fernandez & Williams, 1967;

o

Sldén; 1950). Those patients _ét risk for the untoward

'effects of suctioning’ include those who have: . (1) a PaO;

2

. less théh“?O mm Hg and, (2) those who are in genéraliy poor

.condition’ (hypotension, ' acid-bése , imbalance,,

arrhythmias) (Jacquette, 1971).

Usiﬁgr'fheée riski.critéfia, it is apparentithat mény
i.C.U. patienté would qualify aS'"high‘risk“ ééndidates for
the untoward efﬁeétS' of suctioning. ,'Taylor and Waters'
(1951) study suppor;s this notion '.as ‘patients . with
cardiovascular and/or reépiratof§ abnormalities expériehced

significantly greater 'drops in PaO,; with suctioning than



!/ “ . ) ‘ ‘ N ’
On the basis of research several- guidelines regarding

*snctigning have been implemented into nur51ng practicei
These include aseptic technique (Demers'ﬁ&w Saklad, 1973),
duration of suctioning (Boutrbs, -1970), ratio of .the

,external diameter of the suction catheter to the internal

diameter of the «endotracheal tube (Rosen &. Hillard 1962)

and preoxygenation df the patient (Harken, 1975). : Hogever,
stndies‘ on suction ptocedure variables have failed, to
pinpoint one specific suction method. that' consistently
.*prevents orzunminimizes suction-induced hypoxemia (the

3

'deétease in Pad, associated with suctioning)f . .Hence, a
varietyh of suction procedures are evident in the clinical
'setting'today

The range of opt10ns available to nurses at.the bedside

can be observed in the various methods used to: oxygenate

‘patients prior . to . suctioning. '~ These -~ include
'hypérVentilation, A bagging, hyperinflation, sighs and
increasing the fractional concentration of oxygen (F102).

. Furthermore, all combinations of these manoevers are.
practiced without assessment of their effectiveness.
There 1is little doubt . that the endotracheal
suctioning procédure - in critically - i1l patients
needs to' be examined in well- designed research
studies (Adlkofer, 1978, p. 1014)

i

A. Purpose of the Study

'

The purpose’' of this study was to investigate the

_ effectiveneSS’ of endotracheal suction protocols in reducxng,

or preventing suction-induced hypoxemia in 1ntubated I.C. U

The focus of this study was suction-induced hypoxemia.

e et BB et




patients. - The questions of intérestl were: (1) .Would

“

AY

" hyperinflations ‘prevent’ ‘or minimize ~suction4induced‘t

hypoxemia? (2/ 1f g0, would it maké a diﬁfefence when the

hypgfinflatiods were delivered.(before, after or fhfoughput'

‘suctioning)?

Several of the terms appéaring in the literatufe review

are de{inéd‘below.,_ S

B. Definition of Terms

_paténcy.\'

Endotracheal suctionirig refers to a routine nursing

procedure executed on intubated patients. It involves .

passing a suction - catheter into an oral or nasal .

endotracheal tube or a.;sacheostomy tube for the purpose

4

.of .aspirating secretions .thereby maintaining airway’
_ . . 5 '

. —
Hypoxemia refers to a decreased oxygen tension in th

blood (Hunter, 1981). A PaO, of 55 to 60 mm Hg is often -

used .as a <cut off value for‘treatment pf‘hypoxemia

(Rokosky, 1981).

Hypoxia refers to -a deficiency of oxygen in a

nonspecified’ ‘area, fhat is, tissue hypoxia, organ

hypoxia, or hypoxia generalized to the entire organism

(Brannin,. 1974).

Arterial line refers to an indwelling catheter inserted
in an artery for .the purpose of obtaining blood samplesf

'convenientiy, -without the need for freqUen;'arferial'

PR
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h puncture

10

xoxygen Room air’ has an FIOz of 0. 21

Arter1al blood gas (ABG) refers to the analy51s of a’

o .
sample of” heparlnlzed ;arterlal blood for“wPaoz, the

AN

partlal pressure of carbonyilox1de (PaCO ) and the pH.. .

The saturatlon of arterlal blood WIth 0, (SaOi) w1rl' be

calculated from Paoz, pH and patlent temperature

€ "

Saturatlon of oxygen (SaO ) refers to the percentage of

} oxygen bound to hemoglobln (Hunter 1981) ‘ ]n' oxygeng
'saturatlon of_ 90 to 93% »represents .a cr1t1cal range

.below wh1ch severe arter1a1 hypoxemla may rapldly occur'

because = of | the vstEep slopeg of - tnf oxyhemoglobin

dlssoc1at10n curve below this range *fDownes & Wilson,

1961)

FIozg refers to the fract1onal concentration of inspired

Tldal volume (VT) refers to the volume of gas 1inspire8

~

or ‘explred durlng the normal resplratory cycle Normal
tiaal volume is oalculated to-be 5 to 7 ml/kg (Hunter,‘
1981). 'In -acutely 1111 ventilated patients the VT‘is\

often 10 ml/kg or-more.

Alveolar-arterial gradient “(AaDOz)- refers téf the -

difference between the ‘oxygen tensionﬁof the alveolar

<

air and the PaoO, once respiration “has takenx place -

(Jacquette,‘1971),

. Right-to-left: shunting refers to a condition that occurs

when there are large areas of.  ‘the ,lung that are . not

ventilated (because of atelectasis, pulmonary edema
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o etc ) and yet \contlnue _ J/hege'*nofﬁéi--bloodffloW._

;'ATherefore blood leav1ng the lung through _th pulmonarj~

‘:—H

"‘ve1ns has | L Oz-content_fthe same'.as -that ~ih“ithe

pulmonary arterles (Robertson & Guzzetta, 1976)
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'3concern “lthe phy51dioglcal | sequelae itofr

‘hypoxemlc response,"suctlon 'andf' trauma)

1'graphically"in Figure 1. *© o S

" The Hypoxemic Response

o s,

. L \ . L) Y
. CT ~ ...__,‘.h_ . ) 3 Cs . 3 :
Foooaat L S o IR .
f’ L N e DR ‘ . B o _. .} , .'
/ : ) \_ S
: II Rev1ew of the L1teratu .

Research flndlngs related to the focus qff-‘thisﬁ study‘"

N

i ”are dlscussedmln thlS chapter.‘ The two maln ,areas of. revxew‘

’:1;suctionin§ . (the hypoxemlc "response,‘ su'tlon -and the

‘,procedure varlables, spec1f1cally hyperlnflatlons, whlch arel*'

- thought to m1n1m1ze the adverse effects of suct1on1ng

R , A
S | ;‘-'--.~ Li..

v

TLA Phys1olog1cal Sequelae o£ Endotracheal Suct1on1ng

The. llterature 1nd1cates that tracheal SUCthﬂ Hresults'

™,

:in hypoxemla thereby exp051ng "the cr1t1cally 111 patlent to

‘certaln risks as well as beneflts.. The follow1ng rev1ew‘_of‘__

. -

the seguelae of endotracheal SUCthﬂlng is summarized

¥ -

v7The removal‘of_intrapulmonic - gasés during suctioning

i

resultsiain valueolar _hypoXia.fand a subsequent fall ain

arterial oxygen tension;, The chemoreceptOrs'inﬁthe cirotld;

‘and’ ‘aortic. bodies, sensing & drop fin~[Pab§, respond by

o

'increasiné “the ‘depth  and 'frequency © of 1_respiration

'(Mountcastle, ‘1974) This reflex serves - to r1d the body of

COz. PuImonary vasoconstr1ct1on w1ll occur in response to a

decrease. in alveolar ’oxygen . ten51on (PAO ) thereby»

-

restrlctlng perfu51on to unventllated lung segments dr'”"i

1ncrea51ng “pulmonary artery pressure (Plrlo, Benumofa,_f'“ :

MNoer . - . . . . - KRS ., ket
FEre L g e e, e e )

X . SRR . . B - . . - : Ay e N -
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’.1ncrea51ng the gas exchange surface (Capen, Latham & Wagner,

e - . .. . . .

L.

C‘”Trvousda"le‘,‘198'1';"»lSiI‘nbru"n_er, Geradello,:Fodor, Havelec,‘Lubec

‘& Pellak, 1981). e e
R Y ' »‘ ‘ .’ : . ’ K ‘.." /, v . .
¥f In ‘the. per1pheral circulation nowever, there occurs- a

vasodllatlon.fas'.the“,body'fattempts"to deliyeriayailable

oxygén.toithe tissues:,lit‘has been observed also that more
pulmonary - caplllarles are perfused durlng hypox1a than-

' .normoxia.‘ The reason for thlS 1s that alrway hypoxla causes

v

}ncxease in pulmonary artery pressure whigh in turn

'causes pulmonary caplllary recrultment for the. purpose L of

=

1981)

~

rOnce; “the fvchemoreceptors have ~ been stimulated,

”_gpinephrinevis released by the _sympathetic nervous system

'depre551on of central nervous <system ﬁunctlons,‘ namely,

T~

causing an increase in heart  rate; blood pressure and:

‘Cardiac’output (Brannfn, 1974-°Mountcastle,; 1974) Dr1ppsx

_ and Comroe (]947) found that an 1ncrease 1n pulse rate was ‘a

s

: more~sen51t1ve 1ndex'Y f hypoxemla “than . an 1ncrea5e in’

LA
— Lo

resplratory m1nute volume.

-

N

I'f hypoxemla per51sts systemic hypo&iayimay*‘ﬁensue

T Sl
,(Démers; T982) . Cerebral hypox1a will result in progress1veg

dlzz1ness, euphorla, sensory dlsturbances, muscular weakness

z %

-and)';ultlmatelyt unconscrousness \ (Mouncastle, v 1974).

Myocardial hypoxiavincreases cardiac ipéitability‘and'causes

en

a resetting . of the natural‘ paCemaker.' (premature

,contractions, nodal)rhythms). Such arrhythmlas may develop

,“Qigtovbradycardiaiand asystole (Jacquette, 1971).
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Suct1on_and‘the HypoxemicC Response '

Since: secretions block alveolar

~promote shunting of venous: blood into. the arterial
system, a rise in arterial PO, should follow the
removal of ~mucous.. However, when the. conventlonal
suctioning ‘techniques are - used agterial PO, :is
lower during and after SUCtlonlng than it is at the
pre- suction levels (Jacquette, 1971, p. 2362)

Studies of

pre-Suctlon levels of 35 mm Hg dur1ng‘suct1on (Bodal; 1982)
38 mdeg {mmediatelv post4suction (Urbanf&UWegtener, 1969),
and 33 mmeg thirty seconds post—suctiOn (Skelley, Deeren &
Powaser, 1980). | . | ’ .

As expected there was a concomltant fall 1n $a0, Wlth a

-

droep in' Pan (Boba, C1ncott1 Piazza & Landmesser, 1959

Kergin,'Bean'& Paul, 1948) : These data establish that
) o b
and induce

- . E . -
.

’suctlonlng : does indeed d1srupt ventilation

alVeolar hypox1a and hypoxemla.

S%veral authors have documented susta1ned falls in PaO.

‘assqplated w1th suctlonlng A Skelley, Deeren

and Powaser
(1980)

along w1th Taylor and Waters (l§7]) noted that three

minutes “after ,suctlonlng, thelr subjects : PaO2 - stilfl

rema1ned below pre*suction va ue . This occurred desp1te

the fact tHat subjects were mechanlcally ventllated durlng

.the post SUCthﬂ period. S1m11ar

Iy

reseagch done on dogs
7

’1nd1cated a fall 1n Pal, per51st1ng up to at least 5 m1nutes

*

postfsuctiOning (Na1gow & Powaser, 1977) .

' remains a matter of speculatlon

. 2 , A .
The mechan@sm behind this prolonged drop in PaO,
'Some~authors suggest that

‘Pa0, values remaln low after suctlonlng because the negatlve

ventilation, and ¥’

humans have found a mean drop in PaO, froml
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.alrway pressure g1ves rise to atelecta51s (Rosen & Hlllard,f

-1960 1962)- ' Brandstater and . Muallem (1969) reported that” -

~fsuctlon1ng of newborns caused areas of lung collapse(iwhlch
' “per51sted for up- to thlrty mlnutes. Mechanlcal vent1lat1on"

”ffor 30 m1nutes, at pre suctlon settlngs, did 'not relnflate

atelectlc areas post-suction. "'h"”;}f;' E;ﬁ
What happens to a collapsed lung whlch ; notﬁf“
‘reinflated is a matter of conjedture: /Some areasn‘-
may open - ’slowly over a period . ;of hOUtS‘ unless. .

repeated suction -adds 1n3ury to insult. Other,areasi“ﬂ/?ﬂ7

may remain collapsed, and the-next llkely 'event"isﬂVﬁ;pﬁ
- infection amd. pneumonla (Brandstater & ‘Muallem, . .
1969, p. 472). S B T NPT TR PP RO

Those 'wh rffuted the pOSltlon that negatlve pressure“
1s respon51ble foﬁ the fall in Paoz--haVe ;c1ted studlesj
I

compar1ng 'apnea' w1th suetlon '( Boba, ClnCOttl, Piazza & -

.'Lagdmesser 1959 Downes, W1lson & Goodson,. 1961;' Ehrhant,

l“”ﬁHofman & Loveland, 1981). These, resgarchers found no .

significant difference‘between'comparablefperiodST‘xf apnea
and' suction  with respect-to'SaOz and 950,. Boutros (1970)
nho#evér-documented that ten s5condsfof»suction d1d result in
a 51gn1f1cantly ,greater drop in PaOz than ten seconds of\
apnea. . . | | ':_ S '
ftﬂ{has;'heen .suggested“ thatv‘theddéscrepancy-begyeen
these findings may be _attributedlbto “the seQSitfvity horl.
ongen' measures .monitored inhithe fouréstudies;_‘Boutros

~ (1970) and Ehrhart et al. »(1981j'measured Paoz wheras Boba |

s
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'et»al (1959) and'DOwnes et al. (1961) measured SaOz which S

-will change very llttle as’ Paoz decreases from 100 to 60. mm

Hg. leferences among the flndlngs mlght also be attrlbuted:;

»

A o



'*ﬂcompared w1th 2-1 in the study by Ehrhar'

,w”to'ﬂsuction"Catheter isize;. Downes et al (1961) d1d not?lfmﬁ‘“

report catheter 51ze but 1n the,stud »done by 'Boba f: al.u“_‘fnl'°

tube to the outer dlameter of the suctlon catheter was 2"'1gf

‘ilgﬂ 1n {he study by Boutros (1970)

W¥

‘lungs’ dur1ng suctlon 1ncneases as- thls ratio
decreases: ;  and . the'" development  Of. - more
\ Subatmosphetric: pressure .increases the llklﬁhood of
atelecta51s ~and’ reductlon of total O3 volume 1n the..

ungs {EBhrhart, Hofman & Loveland 1981)
P"

-

Su\it )

1nterest1ng results;. It has been shown that 1nsertlon of a

catheter alone, w1thout suctlon w111 cause ‘a drop int Paoz7
'and SaOz 51m11ar to that~seen when suctlon 1s applled (Boba,y
C1ncott1, P1azza & Landmesser 1959' Woodburne '&f Powaser,

1980). t These authors‘, attrlbuted the;r -f1nd1ngs “o'

regpiratory retleXes

~

Mechanlcal 1rr1tat1on of the tracheobronchlal tree by a

.suctlon catheter may stlmulate vagal receptors. ifTh --coughfv

b

reflex 1‘isf' entlrely vagal °fahd _is;] accompan1ed by
broncho constr1ctlon brady\\rdla and a' tran51ent rlse 'nf'ﬁ'
-‘1ntrathorac1c_; pressure 3 (Demers; 1982-5 Harken :1975-”'
B 1 . ‘ .

, Mountcastle; 1974) Research done on paralyzed art1f1c1aIIY.

ventiiatedf'cats 1nd1cated that stimulatlon of the laryngeal\\

tracheobronchlal reglons causes an 1ncrease,tin total lung

resistance. (Nadel & wlddlcombe,;gtg19622,' , reflex
tracheo—bronchoconstriction»/and an -increase ' An systemlc
e S A e o

= e . b

A';(1958) the ratlo of the 1nner d1ameter of the endotracheal
'et,alw (1981) and-“

__The average subatmospherlc pressure developed in theiffj”~“

nvest1gatlons \into the mechanlsms respons1ble for thep“‘:'
N K .

% Caiale b6 3 SR it oA LR L 2o T

1ned fall in PaOz after suctlonlng have ylelded’asomef
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'T"JPryszoberts, 1958)

ffappears that some’degree of hypoxla must be{

hh-;wlth vagal stlmulatlon (Ayres & Grace, 1969:

f*ffcardlac _arrhythmlaS';ﬁﬁaaﬂg
e , LM%
1’5uct1on1ng Whlle

”vf'Flne, Fernandez & Wllllams,y1969) t; cfﬂyydf

"flsugtion‘andjfrauma3“

L

of the lower alrwat

e

}gha‘ tachycardla‘ vﬁcorhett}fiixe

Reflexes related to tracheal strmulatlon and enhancedfr“
VbeY' hypoxemla ‘may" resulti;n'cardlac arrhythmlas.} There are}f
.uaseveral reports of sudden cardlac d\ath/gurlng a Perlod df*xwy
.;f,suctlonlng reported the 11terature (Keown, 1960 Marx,

.:;_ﬂSteen & Arklns, 1968 Schumaker & Hampton 1951)'~'The'vagal;ff "

|

uﬁieffect by 1tse1f however does not causé. card1 c. arrest ?It

Sloan,.1950)

g Katz and assoc1ates (1981)/measured SaOz and monltoredé'“

:th electrocardlograms .of flﬁty patlents durlng flberOptlc

hd -

l_bronchOSCOpy Forty percent of the subjects developed major“

2

l'd1sturbances of cardlac ‘rhythm and these arrhythmlas wereh‘

most freguently assqclated wlth perlods of maxlmum oxygen

e

. desaturatlon _‘:In- another study the: 1nc1dence of tran51ent;f'

'However when theSe ~Same 1nd1v1duals were glven 100% oxygen

\.‘

h prlor to the suctlon procedure no arrhythmlas oc ured (Shlm.?rV

!

)

<
T o f
ry PN

' As the' amount :of negative 'pressure applled durlng

'vgsuctiOnh increasesj‘so jtoo; does the' damage done to‘the_,

In man,' aSg“in

produces an arterlal,f"’

resent arong?:

?51gn1£1cant durlng t_trachealyrf

J-tﬁév patlents ‘were breathlng *room air;}f"
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L | " ; ir St'

':autopsy the trachea

'.treSplrato'y

‘ﬁv'Second dog,~ suctloned atﬁfézbO;hhﬁ[ﬁ“'

””"}exten51ve -damagj

}_catheter suppresses mucous clearancef
ixthe tracheogronchlal tree 'toevlnfeczlonr.(Sackner, Landa,
}Greeneltch & Roblnson ‘1973) Damage to the%7
’:.in hthe submucosa-s- n
land d1mrhlshed protectlon from ‘trache bronch1 :

'jg(Kuzenskl, 1978). ‘

‘that tracheal ulceratlon occurred three hours after suctlon
commenced (Thamblran, 1966) . Trauma was also ;ev1dent ,w1th
ncatheter 1nsertlon‘ alone and w1th suctlon pressures as low-‘-.

‘as 50 mm Hg : H11d1ng (1964) has shown that _l1ght st;ok1ng

“exfollatlon of the columnar layer over a perlod of to ‘24f~

[

rgreater than— in ,tP?. laboratory studles because 1ntubated
_patlents are subjected to freQUent suCtlonlng_

'gtrangang, from. days_to yeeks.‘ After evaluatlng four suctlon'

tract

~1fteenmm1nutes over a» perlod of

'Wfﬁasff;uctloned w1th

leukocyt1c 1nflltratlonl

Q1nc1ud1ng

involvement. -

'DestrUCtionf76fiPcilfated 'eplthellum by:?the suctlon_

thereby predlsp051ng

<oy

mucous glands

<1fcause a decreasé

v

. ,\ N - . . » K ) )
In one study, conducted on klttens,f't*waS»demonstrated

_of extlrpated trachea-‘wlth a cotton swab causes complete'yf
. a 4

hours.

In cllnlcal practlce trauma would be exoected to" be

,v.--- ...,‘ “

lfor perlods

S :
Sl




3 Ch ' o ’
'qatheﬁefs,\ 6f .diﬁférent 'desfén, Jung'aﬁd Gottlieb (197%)
concluded that "hucosal trauma'with suctioning‘proceaures is
more llkely due” to repetltlon vigor, and amount of suction
applied, regardless of which type of catheter is usegd” (pf
179). | |
B. Suction Proéédure Variables

Several factors have been . thought to.-influence the

namely: _

1. . the duration  of applled suction (Bougros, 1970;
WOoabu;he & Powaser, 1980) T

2. the magﬁitude of suction preséure and flow (Kuienski,
“}978; Rosen & Hillard, 1960,‘1962;'Ru; & Powasér, 1975;
Thambiran & Ripley, 1966); |

3. the ratio oflsucrioh'Catheter size to endotracheal tube

size (Demers & Saklad, 1973;: Rosen & Hillard, 1960,

1862);

4. the design of the suction catheter (Jung & Gottlieb,

1976; Lénda, Chapman & Sackner, 1980; Link, Spaeth,
.Wahle, Penny & pquer,'}976; Sackner, Landéﬁ Greeneltch

& Robinson, 1973); : . |
5.' continuous versus intermittent suction (Deeren &

Powasef, 197Q)~

._‘suathou;ng w1th contlnuous Oxygen 1nsuf£latlon (Belling,

-

Kelly 8, Samon« P978“ Bérman & Stahl T968‘?Boda4h 1962

r

Pur - or .~ s
o~ . ., e p

o
How e

14

degrée of -hypoxemia induced by endotracheal sdctiohing,1

g Boba, Clncotta, Elazzawﬁi?ndmesser, 1959 Fell & Cheney,'

e
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‘“T971fyjung & Newman, 1982; Lahgrehf, Washburn &'Guthrie,

1981; Powaser, Langrehr & -Cambell, 1979; Urban &

Weifzner, 1969) .

suctioning with high frggugnqy jet Qeqtiyatipn (Keszler,
T986}5§poerel & Chan, 1§§6):' t U
oxygenation of the.pétieﬁt prior to suctioning (Adlkofer
& Powaser, 1978; Boutros, 13970; Naigow & Psﬁase:, 18977;
Weitzner, King & lkezeno, 1959).

Based on the findings and recommendations of the above
., . :

research, a suctidn procedure should include; (1) Increasing

the F10, several minutes prior to suctioning (100% -0, is

often suggesféd). (2) Using aseptic technique throughout

the procedure (sterile gloves, mask and suction catheter).

(3)

Choosing ‘a  transparent suction catheter with multiple

side holes and an external diameter no more than half the

“internal diameter .of the endotracheal-tube. . (4} Suctioning

for fifteen seconds or less. (5) Avoidance of high negative

pressures by wusing the minimum amount of suction pressure

that will clear the airway. (6) Hyperinflation of.;he.lungsﬂv_

prior to and/or after suctlonlng

or

(?) Allow1ng the patlent

v e
»
- R [T a— - .

.. to. catch hlS breath between consecutive suctaon passes (bag"

R

reconnect patlent to the ventilator). (8)- Insertion-of

t he catheterv(dith'tﬁé side bore open) qntil~'res§s£ance ‘is

met

then withdrawing the catheter slightly before applfing

intermittent suction. (9) Suctioning .no more ~ften than is

necessary.
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Hyperinflation

It is ev1dent from- the llterature that ~hyperinflations:

are an 1mportant ad]unct to the suction procedure It has

- been shown that preoxygenatlon w1th an increased FI10, . and
lung hyperfnflatlon, w1ll prevent or at least minimize the
fall in Pal, assoc1ated with SUCthﬂlng (Demers “ Saklad

18737 Downes, wilson..& Goodson,_ 1961). Fell .and Cheney

(1971)'studied pétients with varying degrees of respiratory

‘failure and found that hyperinflations with 100% oxygen for

‘one mlnute prlor to suction resulted in only 5% of the

subjects "having a PaO; less than 65 mm Hg immediately after

suctioning. Repeating  the experiment without the
'hyperlnflatlons and oxygen, 39% of the same subjects'hed'a

drop in Reoz below. 65 mm Hg followxng the procedure. The

procedure used to deliver hyperlnflatlons,was not described

in this study.

Skelley; Deeken and.Powaser (1980) reported that eleven

>

. . oL T S L
cardlac patients - suctloned ‘ wlthout o preogygenat1on

experlenced a maximum: fall in PaO2 of 33 mm Hg (mean) thlrty‘“‘

'seconds ' post suct:onlng o However < -pne:  ‘or- - ‘three

- hyperlnflatlons. w1th 100% oxygen admlnlstered to these same
pattents- hefo'e, SUCthﬂlng either m1n1mlzed or totally
,vprevented the short term fall 1n.Paoz. A hyperinflation in

:thls study was. deflned as 1.5 x VT.

A study using two dogs revealed that three m1nutes of"

hyperinflations with 100% oxygen prlor.tOn.sch;on dld' ‘not «

make a significant difference regarding PaO; when compared

[
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to three minutes of oxygen (:100%) delivened Qia,normal tidal

volumes (Naigow & Powaser, 1977). Here hyperinflations were

.defined as 10 breaths/minute at volumes of 300 to 400

ml/breath. The, findings from a similar study indicahed'thaf
three h&perihflaxions with room éiﬁ”séfé}é suc:.t;1Wo.h“i.h”g”'.~1.‘“a;'1.j-.”e(jiw~
to prevent a sustained'fallvin Paozdf(WOodoufneg & ?owaser;
1980{.' In this study the term hyperinflation wa: not
operationallyvdefinedfl ! | ‘ |

Brandstatef. and Mualleh'(1969) showed that a oollapsed
lung (due to suotioning) wili remain collepsed unless high'
pressure_or volumes are used for inflation after suctioning.
Boutfos é1970)»studied twehty?two enesthetiéed patienes with‘
no ..pulmonary‘ disease and - found that hyﬁeriﬁfiétione

..sustained for ‘ten seconds immediately after suctioning”

.:esulted in - significantly .smaller. deoreases in PaO, than

»

when' no hyperlnflatlons, were giVen Agaln -no clear

deflnltlon of the hyperlnflatlon prdcedure was. prov1ded

,‘454 In the Na1gow and Powaser ‘study” (w1th dogs as subjects)

3hyper1nflatxons dellvered QOSt*SUCtlinngx_iF102-*Of 0;21)
S f~restored PaOz .values aboye the control leVels qU1ck1 &S When,f“,mﬂjj",

~va Az T

hyperlnflatlons (FIOZ of 1.0 were dellvered throughout the

suctxon procedure a Paozi 51gn1f1cantly “above the oontrole

values was malnpalned.
The literature reveals three main problem areas in
evaluating,the effects of hyperinflations on suction-induced

hypoxemia. First “of’ the handful of.- studles done only - two

. on o .
e

h"‘a“v‘e"”,"be'ern.~ onducted on 1ntubated patlents w1th respiiftoryj
v




“ ‘ . : h - s ' ‘ o 18 .

disorders. Second many of the studies do i clude a -,
definition of the ‘term "hyperinflation and those. thét‘*do
differ . in . their interpretation and operatlonallzatlon of:

this term. Third, the research to date has 'ndt4 separated‘

_the effect of oxygen from that of the hyperlnflatlons that

. /
1s, hyperlnflatlonf are often dellvered w1th 100% oxygen

In short, the validity of conventlonal" suctlon procedures
incorporatlngchyperlnflat1ons has not been_establlshed.

: . e , §

In this study it is hypothesized that hYperfnflations,

included in the .-suction procedure, : wili‘A;minimize‘

suctlon 1nduced hypoxemla . More speC1f1c detalls of thls

hypothe51s w111 be provxded after ,thé study procedure is

‘~presented



I11. Methodsy . = - S

A. Design o

A two-way within subjects experimental,designfnasi used

for thiS' 1nvestlgatlon.‘ Each subject was'tested on four

separate occa51ons and on each occasion a dlfferent suction
protocol was evaluated. In addition, durlng.each protocol
~physiologic parameters were recorded several tlmes-for each

subject Hence the two repeated factors in this study were -

- . L. R

suctlon protocol and tlme.
The sequence of the protocbls tested was cont:olled
through use of .an incomplete counterbalancing technique.

Incomplete counterbalancing ‘derives . its name from

the fact that all pogsible sequences of treatment
conditions' are not enumerated. The criterion that
~incomplete counterbalancing must meet is that, for

the sequences enumerated, each treatment condltlon
must appear an equal number of times in each ordinal
position.  Also each. treatment condition ‘must
precede_ and be followed by every other condltlon' an’
equal number of times. o
(Christenson, 1980, p. 138)
k .o %

'Since there were four treatment conditions to be'

evaluated in this study the total ,number of subjects

required would ~be" SOhe multipie of iour.‘ Tt was déCTﬁEﬂ—_‘__‘- 
that a minimum of‘é4 subjects were necessary to,.satlsfy |
‘requitements 'fcr ’adequate statistical power . :Table 1

summarizes the.sequence of suction bprotoccls for’ the- 24 <::j

participants. ‘ : e
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Table 1. Random a551gnment of suctlon protocol sequences

for the 24 study SUb]ECts :”f‘““-“*-lv,

"Subject Number' - T .. ... .- . ‘Protocol Sequence -

IR S e S S SO LTS LRI I U S
¢ . oW S e R RO IR A o .

37 11 15 19 23....0 A i T Ty e e
&8 12 16 20 24 ceeat RS e 2:3 1 4 :

B : LI e
R O P - T S R R
. R T A
: . e e
g
v . «
N

o -

Sample ‘ o
This study was conducted in the eleten‘bed'Multi4SYStem
Fellure 1.C.U. at the_ Unlver51ty of “nlberte'v Hosbltal
(Edmonton, Alberta).:‘ The . patlents ~admitted .to this qnit B
were critically ill and their illnesses: usuelly inyolved”.
more than one‘body'sfstem,/ Nursing'cere was_given.on‘a one'
"to one ‘basis- as the majorlty of - pat1ents h were  on o
respirators Datav‘werea collected over a nine week perlod
oetween 0700 to 2400 hours and” - subjects who consented “to .
part1c1pate were studied over a 12 .to 24 hour per1od
The first 24 patlents on the unit meetlng the <criterie
for selection and agreeing to participate were chosen,for
the saﬁple; All subjects-selected for this studyl’met»‘the.

following criteria:

RS 16 years of age or older '_A. FE A s -
. “:' '.‘“,'_‘; _2 fluent ln Engllsh -—91 - '»‘..‘ v._" - . \ .‘,-..e e s
...... e ‘:E-.;:.g.},a-.n. e e DT -‘-=3¢:»L:3;;'551f;' R AR PP ‘
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3. consc1ous and in stable condltlon- no‘ active bleeding,
”-no .selzures, no, hemod1a1y51s, hemoglobin'2'10 gm/dl. e

blood pressure 2. 100/60 mm Hg,

sw,:;_;, “Ar; attached to a cardlac monltor and also had "an | arterialf

o catheter,'

'—fS:iilhtubated '(bfai“ nasaldZtracheostoﬁyogand'ventilated’by

a volume control resplrator, I S o

:‘*67. on an FIOZ % 0. 6 VT_ < T, 000 mE “and 'positiue‘“end':' i

'expirator pressure (PEEP) < 5cm H o,

‘4

e e e 24£fsuctloned on at least three prlor occa51ons‘?' o L 3
crme e el L e Al -¢ LT e i A ST O
. . . e e e, . e e M Pl

R ‘.‘, ; R _\ e e PR T

'”~w,[Eth1£al Consxderations" '
R " -;-.j S . . . .
r,mlndly;dpals meetlng the selectlon cr1ter1a gave thelr
e T - R o
: wrltteﬂg;consent;wprior.nto ‘being 41ncluded ;n 'the study :

SAppendix 1). Tne' pUrpose of the study was explalned to
each patient in the presence of a w1tness- (usually the
patient's nurse) The 'patients were>shown the equ1pment
(ear ox1meter and tcPOz monltor)'and.glven thej,opportunlty
to 'wrlte" down any questlons. It 'uas stressed that
1participation‘was' voluntary and that’ the .patient cou}d'
withdraw from the study at any' time. Onlylone of the
‘patlents approached for consent chose not to part1c1pate.
The procedurE' of the study assured protectlon of the
:subject:f ’Several".blood samples (40 ml)  were ‘drawn
palnlessly from the patlent s arterial line during each : E

‘5f;study 56551on. Suctlonlng was not tofbe done unnecessarlly to -

.- ce e 4

e

525?5575'-?3because of partfcxpatlonlxn thlSwstudy,‘ Data were collected_



o .
4 .

only :when the - patientfs nurse deemed that 5uctloning yas'

<requ1red

D. Procedure !

E Assembl;ng the- Equlpment _ dl;. - e_ f' ~//
The tcPOz- electrode'hq heated to 44 C and then a 2

_polnt gas callbratlon was done The electrode 'waé“ appl1ed

L to j the patlent s chest ' and " readings -were, allowed to -

: . - . -
. : R woe Ll . . i

3stab1112e before the ,actual 'studwacommencedt ThlSJ took

5
: L8
3 e «

Y R R

'_;about twenty m1nutes. The sensdr locatlon was changed every -

'?iﬁnsr houcs to !arewent;-hnrnlng‘ andv’the electrode,a waacuﬂ iijdfﬁ‘
‘;frecallbrated 'at .these tlmes.‘ The ear‘oalmeter took aboot“
Aflvé mlnhtes o Warm up at wh;ch ctime® the defk plece _waa
"zcallbrated"and .subsequently attached to the patlenb/s ear
An~elastlc head‘band was used” to keep the ear piece ln'
-proper oosition. 3 B -

a1l patients were put on Assist-Control vantilation

mode .and removed from. PEEP .one half hour praor to data

'1. . ~
S

'collection, The A551st Control mode guaranteed that each ,flf”“
time the patient’took a breath the ventilator would deliver
a pre-set ‘tidal volume. T1dhl volome , and back up
_respiratory 'rateS"Géfe '1nd1v1dually set and no attempt at
control was made during ‘the present study. None of the - , 7

patients in this study were receiving ventilator sighs.

N RE S R

Subjects were removed hfrom PEEP because it has - been

suggested that high 1levels of PEEP may serve the same

R



functioh. as hyperinflation‘,QBaisﬁs,_-aneé;'*Man;&{Wells,yl__

- “

_"4"1980) S P TR O
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“In jall' cases-. ‘ size'"H4 French Gentle Flo catheter

-

~{(Amer1can HOSPltal Supply) was used- to do‘ the suctlonlng

. : »
- o e % .,.1,93 5 o .;,‘
-

The external dlameter' “of th1s 'catheter uwaS““A'mm: -For

.'patlents with size 7 mm and . 8 mm_ endotracheal“ _tubes -the’ "~ "~

T ratlo-'0f> ‘the” 1nternal dlameter of the: tube’ toF the external

\

_diameter of the catheter’ was. '-75“1.and 2*4 reSpectlvely A

' sii foot length of transparent connectlng tube (Argyle) was

lhquattached to the wall suction un1t and the Same suctlon gauge.

. e~ -
“ . . e ‘s” .

ke e

v(Medlgas) was used for each pa t = The gauge was. ad]usted‘”
at every testlng to attaln'a peah suction pressure of -180
‘mm” Hg' ‘after . 5. seconds of. occl d1ng the: connectlng-tube;ﬁ?;:
distal to the gauge. The suctipn onw.rate at -180  mm Hg
was 25.iiters/minute.“ e | | o h
, e v )
Training oi-Assistants

'Oncev the equlpment was prepared, assistants were

rtralned to help in data collectlon. There _Were two ‘Staff

'~-».-<rn m.'x.r,

' 1memberswm1nvolved in each data collect;on sessron.'“One w 51

S el

"Jresponslble”fgr,_suctronrng ithe patlent 'wh11e_dthe ch

 ~recorded the-_various phy51olog1c: parameters (heart rate,‘
transcutaneous partlal pressure of oxygen (tcPO ) .and Saof
fromt'the_ ear ox1meter). The researcher drew the ABGs,
changed yentilator settings (VT,:FIOZX and supervised the

whole procedure.
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Q'_ sett1ng the same staff‘«membe;ss-yere often _not~ able

patlent PrLor to-each testlng the researcher rev1ewed “the

P Y S AR
Lu e w. Ve L ome .. R

- AyaiIable quallfled 1.C.U. staff neﬁbers nerefselected"

,

‘to do the suct1on1ng (nurses, resplratory technologlsts.yandf'

N

phy51otheraplsts)  Note that ‘due ‘to'~the’ cr1t1cal care

R -
- e R R i : —

part1c1pate 1n all data collectlon se551ons fof a partlcular

- f . o

&,
e e b

e ..

»i;smcfioﬁ technique to be employed w1th the a551sgants. They

“were' 1nstructed to" 1nsert the éftheter unt11 re51stance'7was

esu 1on The catheter was to be rotated; Qhrough 3699 whhle;

Fa

s

'met and then draw back one -inch- before applylng contlnuous

~~~~~~

PRERNS

P,
oW

y

. e s

The 1nstruct10ns for each suctlon protocol were put “on

. separate' magnetlc cassettes.' Each ‘phase” of the procedure
was t imed and verbal countdowns on the tapes 1nd1cated when

~an actlon was 'to commence and flnlsh The same portable

tape recorder was used at. every testlng ‘The use of tape

A,

recordlngs ensured that suctlon%was con51stently applled and

O

that the patlents were ‘.f the ,Nentxlator ﬁorﬂpthe;\sa@e"

31ength‘of t1me durlng each protocol

YW ..' _.‘\v.,'..‘> A
The 1n3truct18ns heard ~~the tape‘ recordingﬁ wete

- ke

+

- _explalned to_.both ass;stants prlor to each data collectlon

se551on The staff person respon51ble 'for.,recordlng the

R

varlous. parameters - Was 1nstructed to copy the approprlate
S g <

‘data each time a blood gas sample was drawn- Dlrect

~

»supervision .of  the recorder and the suctloner durlng data

e

collection- was done by-the“researcher,

Ce
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~ Protocols .

procedutel_ﬁor suctlon1ng 1ncluded (1) anreasipgrtheiElozn.)

- S '-"*4

- Four: suctlon protocols. wvere evaluated in this

oooooo

sugtlonlng, (2) us;ng sterlle. tee

— -
e . ,n‘...

(stertle,gloves,-nask—and catheter) (3) applylng cont

?_suctlon whlle w1thdraw1ng the catheter, and‘;(4)_zret

”thé patlent to - the ‘vent;lator" after ”the cathete

w1thdrawn..

. P - " T . - -
e e B e T - R N ) <= -
R s p . . -

"‘,-.3:.,,,~ ’;._v Wow e e A Lo

time 11m1t was puti-qn' each phase of the s

v

":(,A

before basellne measurements were.made allowing the

,gases to equ111brate at the new oxygen concentratlon

”testlng, began; In a. study conducted on 92 cr1t1cal

»

‘ ventllator.. In all the patlent was of £ the ventllator formrq.

P

'patients it was_ found that Paoz (reached 95% : f

.

egu111br1um Value two m1nutes after the FIOZ was K

Toaw B = .
- o,

- Sevep :seconds were allotted for d1sconnect1n
pat1ent from the_ ventllator and 1nsert1ng "-~cat

Contlnuous suctlon Jwas applled» for 5 secpnds and

Seconds were allowed for reconnect1ng ‘th pat1ent t

: L tn -'.v#
e

15 seconds_ ‘but only suctloned for. flve.‘ mDur1ng

N . N . i u. ( N . . . \ .
protocol the patient was suctloned three itimes
seconds of mechanical ventilationgwas'provided\lbetwee

. three suction passés.

~{Tremgef: &.Shoemaker‘“1981)""“¢W2'ﬂf'i7" 5t;ff$_*if534

study.

hnigue

anOUS ,“‘

urnlng

r was
1)

A R

uctlon

blood
hefore
ly 111

;ts

.....

. th.e.,v :

heter.‘;:f

then 3

'rprocedure.- The F‘IO2 was 1ncreased by 0 2 fourteenf:mlnutes'

Pﬂotocol I, based on the Unlvers ty of Alhertai Hospltal‘s o

-

hanged o

PR

U g A e Lt

o the

each

and 30

n the

’
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Prlor tog settlng these t1me llmlts several d1fferent:,f P

I C. U.ﬁ nurses were tlmed unbeknown_—to} them, fas they -

Suctloned patlents f'7The ‘timing for each phase of the *

o Lo ST
'suctlon procedure therefore ;reflectS';the- Current‘VSUCtLOO;lelﬁ

practlce in’ the Unlver51ty of Alberta Hospltal 5 I C U

Patlents were not 1nstllled (1n]ect10n of sallne ~into

-

~ the endotracheal tube) durlng suctlonlng or was chest
' ' \..4 A
phy51otherapy g1ven w1th1n ‘one half hour before‘ testlng S as -

bothv og , these : act1v1t1es 4could ‘1nfluence \arterlal,

oxygenat1on -(Connors, Hammon,' Martln & Rogers," 1980).

-~

Dur;ng- each testlng pat1ents were suplne w1th thelr headS’
mldllne | . |

Protocols II,: III and IV were 1dent1ca1 to’ Protocol I"'
'except fdr the addition of hyper1nflablons. Hyperlnflatlons'

- were dellvered for uone- mlnute eror to . suctronlngu ino

;: Protocol I1. and: for one m}nyte aiter»suoelonlnqrun ~Protocok—“‘

R B R AT RS

III _ Protocol IV 1ncorporated one mlnute oi hyper1nflatlons’
Qgigr ‘to and one m1nute of hyperlnflatlons after suctlonlng

,-”5és.;well‘ as: 30vseconds of hyperlnflatlons between the three‘*'f
o«QJ%UCtioﬂipaSSes. Table ) contalns ‘a'Asummarybadfk the four~a;

. . . . - 5 L T . S PR ‘_ . .
- suctlon protocols fﬂ“f‘* R ln-fifff.;fh-'*jﬁﬁfj;;f';fvﬂl-"ﬁ

v s > -~

In order to establlsh'that changes made hlnﬂ,yentlletorhjw.
'“isettlngs (durlng heﬂ SUCtlon‘ protocols) were- actually\
executed properly two standard pleces .orf’l C. U.x eqbiﬁment»

: ggre futrl1zed, An Instrumentatlon Laborator1es 0. Monltor

‘404.wes:attached to all the vent;lators_used.
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This monitor |verified that the FIO, was increased by 0.2

fifteen minute$ prior to each suction protocol and that it

remained at the ,proper "level throughout the suction

9

‘proéedure: A Bournes Adult Ventilation ‘Monitor LS-B0 was

! X - . . . . . 3
used to measure the patient's expired VT. This confirmed

that hyperinflations were delivered and provided a measure

bf "the actual degree: of hypérinflation.

3.

In this study a hyperinflation - was defined ~ as
mechanical ventilation (via a boluqé1 ventilator).at 1.5
times the ventilator setting for tidal volume. If the
patient'wasﬂzecéiving a VT of 1,000 ml then a hyperinflation
would be a 1,500 ml breath deliverea by & volume contfol
ventilator. ThiS méthod was preferred' overh‘ﬁénual

hyperinfldtions because of the consistency of reprngang

the hyperinflation tidal vodume deliQeféd to the patient,

Time ' L o

At specific times during each protocol testina, data on

the dependent variables were gecérded (Table 1), For all

protocolé data were rcollected before the FI10O, was increased
/t ’
(pre-baseline), after fourteen minutes ~f an increased FT10,

(baseline’, and 0 _sec., 60 sec.. 120 sec.. 180 sec. after

the thirA euctinn pass. Protorols 7] and . TV ‘infrlude" ane

additional time interval, that is, measures were taken after
one minute of hyperinflations prior. to the first . suction
\ - ¥

>

s “ ,,,& -
Q 'S ’4

pass (post-baseline).

£
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Dependent Variables

It was not clear what dependent measures would be

sensitive to Protocol variations therefore a decision was

made to use several measures of hypoxemia. The dependent

¢

" variables included PaO,, calclatéd 8aD,,  ear oximeter” SaQ,,

tcPO, and heart rate.

1.

-~

PaO,, the pa;Fial‘pressure of ogygén in arterial blood,

was recorded Dby machine analyéis of arggrfal. blood

‘'samples using a Corning  178/pH Blood Gas Analyzer.

Arterial blood was taken from the " patient's arterial

catheter 1into heparinized'plastic/syringes. One ml was-

withdrawn §;QT thg catheter and iscardea prior -to th;
0.5 ml 5355121' Once dfawn, a needle was"placed on the
syringe-and the needle was sealed with a rubser stépper.
The syringe was subsequently placed on ice and taken to

the Blood Gas LaBbratory for analysis within one hour of

sampling.

Sa0,; " (calculated), the percentage of oxygen bound to

hemoglobin in arterial biood, was calculated from the
(4 . T

measured Pa0O, and pH of arterial blood samples using a

Corning 178/pH Blood Gas Analyzer. \\N

Ear Oximeter 'Sa0Q;., the percentage of O, bound to

Hemoglobin in ear capillary blood, was measured by a
Hewlett-Packard Ear:- Oximeter. (Model. 47201A). This
measure was obﬁaihed by clipping the.ear piece of the

-

oximeter to the pinna of the patient's ear. Light from

the ear piece was passed through the ear via fiber optic

S



buhdies 'ahd.'thé bximéter, by comparing the relative

absorbance of light at several wayelenéths, _calculated'

the Sa0, of the ear capillary blood (Kim, Zolandz &

Lerner, 1978).

.. 4. -TcPO;, an -ndirectk estimate- of PaO,, was-recorded by a-

A

Novametrix tcPO,; Monitor = using a heated sprface

electrode (44 °c) secured to the patient's ~upper right

" chest 'below the clavicle. The hyperthermia results in:

(1) changes. in Ehef structure of ‘the stratum corheum

which is thought to allow O, to diffuse fasﬁer, (27 a

shift in the oxyhemoglobin dissociation curve (3) local

vasodilatation of dermal capillaries which increases the

’ .

0, is similar to PaO, (Tremper &'Shoémake:h']979).

5. Heart rate was recqrded by a Hewlett-Péckard bedside

cardiac monitor (Model 78342A/78203A) which displayed
the mean apical.rate and the electrocardiogram. |

)

E. Research Hypotheses ’

1. Without regard for Time, Protocol IV‘wiLL,resultnin
significantly greater PaO, and Sa0; than.Pfotocols 1,'II
and TI1. '

2. Without regard for Protocol there will be significant
fluctuations in Padz, Sa0, énd heart rate over Time.

3. There will be a significant interaction between‘Time and

Protocol regarding PaO,, SaO: and heart rate.

capillary blood flow so that cutaneous 4capillary blood
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4, There will be -a 51gn1fncant increase “in- PaOz oVer all

four protocols from pre- baseline to baseline as a result

'

of the increased FIO,.

5. ,Thereﬂwill be a 51gn1f1cant increaser_jn pao,. from

. »,baseline- post baseblner 1nsProtooo&S<JL and IV‘asaa a-ﬂ

—a e L e e = To.rw pm S erY Lt e 9l wie 0%,

result of one mlnute of hyperlnflatlons..
6. In each of the four suctlon protocols" Pa0, will be

hlghly correlated w1th tcPO, over tlme. rhx;‘~..f

7. 1In each of the four suctipn protocols SaOz w1ll be

.hlghly correlated with ear ox1meter readlngs over tlme.,

-~

v

F Data Ana1y51s

ke

N 6

To asses hypotheses one through five, the /data were

analyzed by 2-way ANOVAS w1th repeated measure". Hypotheses
six: and ‘seven were addressed u51ng Pearson's " productfmoment

o, ‘
- correlation coefficients (r). The level of significance for

all. statisical tests was set a priori at ps<.
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. .\.- LTV ResuitS

The results presented in thlS chapter are. d1v1ded ,integ

five . sections. Sample characterlstlcs are presented in the'“"

. first section and the outcome mEasures'.(PaO};Q;San}j'heart‘j--

rate, - tcPO, and ear oximeter Sa0O,) are presented in ' the |,
e B e e . e e & - PR RS - . > oo R . 6 - A“;“ i!-.~a..' -

fo'l'lotw-ih‘g"fouf"Séét-ié.h-s*.z‘. w %% e @ s e T L e, Chemt w ety letew - us‘.‘,‘ .

.

A Sample Character1st1cs

The study populatlon gonsistéd Gf 19 ‘mafes?-éhdf 5- o -
females rang1ng in age from"18'1£q 87 yearsf(mean=54

$.D.=20). . Table 4. contalns a . summary ‘f selected sample

s &

"'charaCteristlcs "includingi - type® of ventllator, ~t-idal volume S

(v, baCkup'réspiratery 'frequency,“mode of Ventilatioh;
’EIOQ,‘FSize -of . endotracheal tube (ETT),‘level of 'PEEP, and
diagnosis. | S o SESETE £

5 o ‘
' P |
B. Partiail Pressurg.Qngrte:ia&ﬁOxygep\H .
\ An”ihcreasedJFIdz”at, the’ beginningﬁi each suction

protocol " resulted in a 51gn1f1cant increase, (p= 0 001) in

PaO, from pre-baseline 88.02 + 23.84(S.D.) to basellnew
136.09 + 43.44(S.D.). One minute of hyperinflations given

prior to the first suction pass - (Protocols 11 and 1V)
resulted in a significant increase (p=0.005)in PaO, from -

baseline 137.71 * 43.91(5.D.) -to post-baseline . 143.02" % -

45.00(S.D.).

33
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determined that there . were . significant main effects,  as .

wwyo way navzww vano
. o

P ,v N B T ’ . : o -""‘ . ‘ ' y
“hypothesized, for Protbcol”and-Trme“as,well as-a significant ..

Protocol x Time interaction -(Tables 5 and 6). Pre-baseline

‘and »poSt—béSeline ~PaO, values were pot included.in this

aﬁalyéis. : {
‘ »
_Table 5.  Summary table: Repeated measures
IR 2-way ANOVA for*Pa®, . '-
| .
//)
Soufée . Sum of Degrees of - Mean F Prob-
Squares 'Freedom Square Ratio ability
N Protocol ‘ ' . ' .
" Main Effect . 10084.50 3 3361.50 3.29 0.026
Error 70538.00 ° 69 1022.29
Time N : _ -
- Main Effect = 35260.50 4 - 8815.13 21.77  0.001
Ertor © =~ 37258.00 .92 404.98
Time x Protocol - 1888.50 12 157.38 - 2,02 0.023
Error 21535.00 276 78.03

g
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© rable 6.\ Cell means and standard deviations - . uin e
e eee et 0 fOF 'PEC, (M HgJ, time x protoeol (n=24).% - et

P

T e

LV e s

Yo,

Baseline

 TIME

60 sec. 120 sec. 180 sec.

, 0. sec., , Row
~ - Mean Mean Mean Mean . Mean Mean
PROTOCOL (S.D.) (s.n.) {s.D.)  (s.D.)7~  (S8.D.) (S.D.)
1 135.46  115.25 129.00 . 136.38 139.67 . 131.15
(41.61)  (43.35) (46.98) (47.92) (47.02)  (45.38)
1T 135.17 .114.83 128.58  136.04 -*139.75 @  130.88
(44.33)  (44.19) (44.42)° (45.35) (45.36)  (44.73)
111 133.50 114.54 135.96  138.08 139.50 = 132.32
(45.98) (41.63) (43.57) (42.92) (43.83)  (43.59)
, ¢ N >
IV 140.25 125.83 147,50 147.42 148.79 141.96
' (43.85) (41.87) (42.05) (41.10) (40.36)  (41.85)
Column 136.08  117.62 135.26' 139.48 141.93  134.08
Mean - ,
(S.D.) .(43.44) (42.76) (44.26) '(44.3$) (44.14) (43.89)
, t ‘
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Slnce the Bain. . eﬁfects " for Time- ‘an p‘Protoéol werel |

'\"'

) 51gn1f1cant ) post hoc ‘Tukey fests - (Ferg son, i9871) were7h".'

« »conducted-for-each pf lﬁhev-variables tO' compare palrwlse'.
' differenoes Protocol IV 'Pal; wa's 51gn1£1cantly hlgher than'

the other protocols (Table 7) At.-O“'set;”” he ” Pa0; ~Qas

s1gn1f1cantly iower than the other tims_interyals'&Table*B)if'"‘“

v }
-«

Table 7. S1gn1f1cant post- hoc Tukey comparlsons of

: row mean PaOz values ‘for protocol
’ zuComparlson g Ratio (af) Prokgab:ilig:y\.‘..1..~ -

. - . . - e o s I

Protocol I vs IV - 10.81  (&,89)/ . 0.05"

” "% I vs IV 11.08  (4,69) . . .0.05.
111 vs IV 9.64  (4,69) - 0.10 j
A
Table 8. Significang post-hociTukéy comparisons of

column mean PaO, values:.for time

ComParﬁbon . .+ g Ratio (af) 'Probability

Time . Baseline vs 0 sec. 18.48 (5,92) 0.05
0 sec. vs 60 sec. 17.65 ~(5,92) -.0.05
0 sec. vs 120 sec. 21.86 ~ (5,92) 0.05

0 sec, vs 180 sec. .24.31 (5,92) 0.05
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The Protocol ~x Time interaCtion is 111ustrated “in
F1gure 2 The Paoz values for the four protocols ‘were not

”51gn1f1cantly dlfferent ét' base11ne(one way ANOVA) At O

"and 60 ,sec., however, Protocol 1V. Pa0; .1ncreased thus -

accountino fvrh the 51gn1f1cant 1nteract1on In addltioh{
Protocols I through III _had very 51m11ar PaOz facross‘ time
’ exceot‘ at :60 Sec.,- when PaOz‘for Protocol III inoreaEed.
:Thré increese‘;wase also,.responsrbleh in part, for 5‘

significant Protocol x Time interaction.

v

T
E
E- 140+
N
O
[\ My
g o
130 -
Protocols
! . ¢ |
1207 o |
: ' A
o o |V .
SUCTION
T T LE 1 — 1 .
Baseline 0 , 60 - 120 180
TIME (sec)

Figure 2. Protocol x time interaction for PaO,



Iﬂ .C. Satﬁrat1on of Oxygen

The repeated measures 2 way ANOVA for SaOz ylelded
- 4

s aet

ﬂ:hypothe51zed .51gn1f1cant ma1n effect Kor T1me “and 'a'H |

519n1f1cant T1me X Protocol 1nteractlon-(Tables 9 _ano:“JO)ﬂ

The hypothe512ed ‘main . effect for Protocol however was not

.suoported. 'Pre baseline and post basellne SaOz values Were

not 1ncluded ih vthlS analy51s ~Since the main effect for 5
Tiﬁe was 51gn1f1cant post-hoc' Tukey» COmparisons‘ were

conduéted The Saoz at O sec. was 51gn1f1cantly lower than'

- at all other t-ime intervals (Table 11)

L5 .
A}

Table 9.. - - Summary table: Repeated measures !
2 way ANOVA for SaOz : S~ /
. ) Rl | ) N .
Source ) - sum of Degrees of - -Mean . F " Prob-.

Squares Freedom Square Ratio ability

Protocol 33,00 '3 . 11.00% 1.49  0.226
Error 511,00 69 S 7.4 | =
. . b . : ) A
Time 118,50 4 .29.63 14.05  0.001
Error - ~194.00 - 92 - 2.1
Interaction  15.00 12 1.25  1.97 . 0.027

Error - 175.00 276 .0563
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Table 10. -.Cell means and standard dev1at10ns A
' - for. SaO (%) “time ¥ protocol (h= 24)

'TIME

‘Baseline 0 sec. 60 sec. 120-sec. 180 sec.
‘Mean = - Mean .. Mean © Mean . Mean -

PROTOCOL (s.p.) (s.p.) (s.D.) (s.p.) .. (s.D.)

Row
Mean

(s.D.)

I 98.46  .96.79 .97.42 . 97.92  .98.13

(1.47) - (3.55) - (3.59)  (2.70)  (2.31) -

.QI ©98.00 96.54'v 97.79 - 98.04 © 98.17

(2.41) (3.71) (2.92)  (2.68)  (2.33)

CIII. - 97.96)  96.71 97.79  97.96 . .98.21

(2.07)  (3.79) (2.78)  (2.51) © (2.17)

IV. - 98.46 -97.63 ©98.58  98.42  98.63 .
©(1.69)  (2.98) (1.82) . (2.10). (1.95)

Column’ 98.22 - 96.92 97,90  98.08  98.28
" Mean . _ . - R
(S.D.) (1.91)  (3.51) (2.78) . (2.50) . (2.19)

97,74

(2.72) .

97 .71

(2.81)

'97.73

(2.66)

9834

(2.10)

97.88
(2.58)
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'TabIe'j11A‘ Slgnlflcant ‘post-hoc Tukey comparlsons
S of Saoz across. t1me

-~

s R
P

Comparisoht i - vq Ratio,wv(dfff“f?robability
:Ti@e,_, Baseiine vs' 0 secg f1;3b ‘ (S,QG)I;‘,O.Oé;"
o 0 sec. vs 60 sec.- 14;98 (5,96) 10.05

0 sec. vs 120 sec. 1.17. (5,96) ~0.05

0 sec. vs. 180 sec. .36 (5,96) 0.05

{

. [
e The Protocol X TLme 1nteractlon for SaOz 1s*iilustratedg

“in Flgure 3. At O and: 60 sec. the Sa0,’ durlng Protocol IV,

1ncreased thus accountlng for the ‘51gn1f1cant 1nteract10n.
In add1t10h Protocols I through III had very similar SaO:
across time except at basellne and 60 sec. -The SaOz for‘
 Protocol I 'waéf hlgher at basellne and lower at 60 sec.>
compared to Protocols 11 and III The decrease 1n mean Saoz

']

at 60 .se ‘for Protocol I was Ilker qlso respon51ble for

the 51gn1f1cant Protocol x Tlme Lnte;actl
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D. Heart Rate

Results from the analysis of heart rate - revealed no
significant Protocol effect and no intefaction éffect\#'
There was howevef, a significant Time effect (p=0.001)J
Table 12 contains the mean heart rates across Time.
Post-hoé‘Tukey comparisons:revealed that;,heart rate at 0
'sec. was significantly higher than at all other times. Also
‘baseline heart rate was sigﬁifiéantly lower than heart rate

‘at §gr5ec.(Tab1e 13).

Table 12. Mean héart rate (beats/min.) over time
Raseline 0 sec. A0 sec. 120 sec. 180 sec.
Mean Mean Mean Mean Mean
(s.D.) (s.D.) (s.p.) (s.D.) ~-(s.D.)
; 94.21  101.44 98.01 95.39 . 94.85

(20.30) (16.90) (19.91) (20.83) (20.43)

Table 13, Significanht post-hoc Tdkey comparisons of
column mean heart rate values for time
Comparison | q Ratio (df) Probability
Timel"' Baseline vs 0 sec. 7.23 (5,96) 0.05

Baseline vs 60 sec. 3.80 (5,96) 0.05
0 ‘sec. vs 60 sec. 3.42 (5,96) 0.05 .
0 sec. vs 120 sec. 6.05 (5,96)  0.05

0. sec. vs 180 sec. 6.58 (5,96) - 0.05




(]

. J | Y

~

E. Transcutaneuos Pressure of Oxygen and Ear Oximetry .

Owing to the malfunctioning'of the tcPO, monitor during
the study tcPO, data was noél available on gwo patients.
Some data ~were also missing from anbther patient becauge
readings from the ear oximeter would noﬁfstabilize possibly
due to a large amount of éar cartiledge. All other data
were ;Qllectea from thege three patients.

": Peérson'prqduct momeént correlaﬁions were;determined/for
'ﬂbaoz ané tEPOz (Table 14) and a;so fér Sa0; and ear oximeter
readings (Tablé- 15).  This analysis was done across Time,
‘one for each of:the four protocols, and the results support
the hypothesis that both sets of correlations would be %igh.

The correlatioﬁs between PaO,; and lcPO; ‘for baseline
thr0ugh 180 _sec. ranéed from..666 to .870 with the majority

around .79. Pre-baseline correlations between Pa0, and

tcPO3 were somewhat lower ranging from ~.089 to .647. The

mean correlation (excluding pre-baselinevalues) between PaO,

n

.and tcPO, was .79 (p=.000).

The corréiations between Sa0, and ear oximeter readings
for pre-baseline through 180 sec. ranged from .684 to .908
with the majority of correlations . around .84. The

pre-baseline c~rrelation for prbtocol 1 was .420. Excluding

this low value the mean correlation between oximeter Sa0,

and blood $a0, was .79 (p-.N00).
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Table 14.  Correlations between tcPO, and PaO,
< over time for each protocols*
TIME
[ .
: Pre- - - Post- 0 60 120 180
PROTOCOL N Baseline Baseline Baseline sec. sec. sec. sec.
1 21 -.089 .824 n/a  .821 .870 .870 .845
o p=.351
11 22 .647 .834 . .807 -.766 .791 .813 .786
111 22 .578  .829 n/a  .796 .799 .792 .820
v 22 .646 723 . 681  .666 .743 763

.764

* p<.002 uUnless otherwise noted

R
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Table 15, Correlations between Sa0O, and ear oximeter

readings. over time for each protocols

46

TIME
, Pre—-,.u - Post- 0° 60 120 ﬁBO
PROTOCOL Baseline Basel?:e Baseline sec. sec. sec. .sec.
D
I .420 .684 'n/a - .778 .819 .798 .749
p=.023
11 T 724 .850 .776 _ .74% .842 .837 .842
111 - .786 .885 n/a_ .887 .908 .904 .876
v 731 e .745° .813 .802 .842 .802

For all protocols n=22
* p=.000 unless otherwise noted
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V. Discussion, Recommendations and Conc}usioh
In this section the results of the study will be
~» discussed and implications for nursing practice will be

outlined. Recommendations for future research—wii&“conclude

this chapter.
B

-

A. Discussion of Results
. ’ ’ -

&

The post-hoc Tukey'tests,revealed that Mtheré ‘'were no
5ignificant“d?ﬁ§enences between Protocols I, iI, énd 111 for
PaQi. 1t made no difference, with.respect to the Protocoi
effect, whe;her Hyperinflations were delivered 'pfior to

;,suétioning (11), after | suctioning (IfI) or omitted
altogether (I). The significant main effect can therefore
be aftributed to Protocol LIV which  included the
administration of hyperinflatiggg-before, between and after
suctidning.

Physioiogically, the administration of hyperinflations
prior to suctioning may increase the lung volume, 'étabilize
alveoli and redistribute surfactant4 therebyv causing an

increase in Pa0O,. In comparing baseline with post-baseline

£

PaO, 1in Protocols II and IV_a-significant.increase in PaO,
was noted (dﬁé to one ﬁinuté of ‘hyperinfrations prior to.
;uctioning). However, this effect, was short 1lived as
evidenced by ‘the lack of a difference in PaO, after
suctioning.(O sec.) between Protocols I (no hyperinflations)

and 11 (hyperinflations prior to suctioning).
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The yaiue éf hyperinflations deli§érea after sucpioning
i§ supported by the significant increase ip PaOz'at.SO' sec.
for Protocol III; This increase is ihportant_clinically for
if a patient is hypdxic(' delivery '~ of post-suction
l,hypefinflafions ‘may. aid in the recovery of PaO, to the
pre-suction level. Hyperinflationé given after: suctioning
“méy 'increése PaO, by reinflating col}apsed alveoli and
.increasing the lung volume. Alsingle hxperinflation sessién

[ .
post-suctioning (Protocol III) was not enough however to

3,

raise PaO, to the same level as Protocol IV.
)

IOQerall, Protocol IV PaO. values were higher than the
-other three protocols'indica;ing'that»suctiéning places the
patient at less risk if this procedure is followed. The
delivery of hyperinflations tﬁfédghout the’suction procedure
appears t§ be the cause of the significantly higher Pa0O. for
Pfotocol fV. | * ~

A comparison of PaO, between Protocols II and IV at 0
.sec. seems to indicate that the higher pSét;suction Pa0, in
Protocol fV is - accouﬁted*J%for by the delivggy  of

@ A - i Y L5
hyperinflations betweern ' each suctioning _‘irghen than
I

A
t

hypéfinflétions given prior to su¢tionings (
Physiologically, 'hyperinflationé between each
suction?ng may serve to keep the alveoli opegwané ré—expand
thellungg to their pre-suctfbn voluﬁe thereby préyenting a
cumulative suction effett and minimizing fhe décteéﬁe‘in

»

PaOz.

~
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Unlike PaO., there was no Protocol effect for | Sa0:.
This lmay“ be dué‘tthhe»fapt that SaO, is é#léss sensitive

i

measure thah Pa0O,, that 1is, as PaO, decreases from 100fwm Hg

(or ﬁore) to 60-mm Hg there will be very little concomitant
change in SaO,. However, the significant 'Time x Protocol

inperactibn for Sa0,; (which was very sihilar in pattern to
+the | Pa0, interaction) subpprts the importance of
hyperinflations in the}suction‘procedure. ) .

" A comparison of Protocols I and II at 0 sec. revealed
once again that hyperinflations given before suctioning (11)
had‘no-effect in minimizi;é the fall in Sa0. post-sddtion.
The higher Sa0O, value fof .Prot0col IV at O sec; may be
‘attributed to the administration'offhyperinflations between
the three sucfion pégses. The iﬁcrease in Sa0O, at 60 sec.
. for Protocol IV may be accounted for by the administration

. of post-suction hype}inflatiéns. .

| ‘d’Thé similar riSeAin,SaOZ at 60 sec. ~for Protqcols' Ii}
and III ié difficult to explain in terms 3f hyperinflations
as the PaO; M;§r Pro£0col IiI? was higher than that. of
Protocol ~ II at this time. Perhaps the explapatidn is that
_Saoé for.grotoéol I at 60 sec. did Aot ri;e as much as the
- bthersf. that, is, ﬁﬁe recovery from sugtioning was delayedﬂ
'due to the absence éﬁ hyperinflations. $
| The literature on endotracheal suction indicates that
the fall in PaO, and Sa0,; post-suctioning is due to a

combination —of factors, namely; (1) the removal of oxygen

from the lungs and the resulting‘decrease in lung volume,
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](2) rhe-flow of room air.into‘the lungs during-‘sucriening,
(3)'ﬂrespiratory reflexes'Ctracheobronchocoastriction),-and
(4) atelectasis cauéed by iarge negat;ye airway pressure.

Urban and Welti@er »(1962§Edpcumented a mean 35 mm Hg

-fall in” PaOz 1mmed1ately after suctlonlng and Skelley,
Deeren and Powaser (1980) reported a mean 33 mm Hg fall in
PaOz thlrtx secgnds after - suct1on»@g,§ﬁ&?he drop ip“ Paoi‘

;mmealately"after suction (0 _sec.) 1n tﬁgs é?ﬁhy was a mean
- . -q:?’ ..

. A _

. v & 2
Perhaps the f#dlowing procedural differences account

of 18 5 mm Hg.- -

for the larger drop iH‘PaOZ reported in the aforemenrionedwv
‘Studies;" (1) Patients . in these - studies were nofig
preoxygenated with an increaeed F10, therefore the fall 1in
Pa0, would be‘grearer than in the current study. (2) These
researchers applied centinuous suction for< fifteen secoﬁds
as opposed to- the thgee; five secona seetionings (Qitﬁ“
thirty seconds of ventilation between each suctioning) used
in this study. .
As_with'PaOZ Ehere was-a significant drop in Sa0O; at 0
'EEQL due' rd&suctioning. This would be expected in view of
‘the d;op-.in éaO} voccurridg at this tihe. -vﬁeart rate
however, increased °© significantly immediately after
suctioning (0 sec.). This ﬁay also be explained’in terms of
the body‘s‘fresponse to “é . decrease in Pa0O,, that is, the
release of epinephrine. | g

In conducting this study it was important to control.

for the effects of oxygen. The findings indicate that
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increasing the FIO., by 0.2 prior to suctioning

(pre-baseline) resulted in a significant increase in PaQ, at

‘baseline. Such an increase was likely beneficial to the
_ was

-

paﬁiénts as it may " have 'haintainéd a higher PaO.

post-suctioning.

- . T ) : i L ‘
The 1increase inHSQOz assoqiqted with the 0.2 increase

"in FIO, will fluctuate however,‘depending‘on the patient's

respiratory status. A patient with healthy iungs-on an FIO;

of 0.3 will likely have a greater increase in Pa0O, when the
. . g‘. .
FI0, 1is .raised by 0.2 than another patient who is in

respiratory failure and on an FIO, of 0.8.

In this study patients were given fourteen minutes of

increased FIO, at the beginning of each. suction protocol.

"It- is not -known whether a shorter or longer period of

' preoxgenation would have .produced a similar baseline
;anease int:PaO;. In a study by Tremper and Sc%gemaker
b . . . . . W

(1§81)‘Pa02 reachéd 95% of its equilibrium value two>&inptes
affer- the FIO, was chghged. This data .suggest that a
&hérter péfiéd of prééxygenation_may have been suffiﬁient.

" -Fipally,~’ the correlation between PaO, and tcPO,;
(Novametrix monitor) w;s .79 Thisi finding  is consistert
witﬁfwﬁhel correlation of .JSAfeported‘by Raffer;y, Séﬁégﬁér
and Barash (1980). The‘correlation between calculatea'“Séd;
and eér oximeter SaO, (Hewlett-Packard)\was aiso .79. Thic
finaing is much lower than the .97 reported. by Saunders,
éqwlés, and Rebuck (1976). The major advantage of theée

monitors is that they provide a noninyvasive, continuout
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means of monitoring ,arteriai ox&genation inAsacutely viL
patients. Use of these devices in I.C.U. may decrease t he
number .of bloo& gas samples necessaty for routine elinicaj
care. | — | i

TS

B. Nurs1ng Imp§1cat10ns

The results of this study clearly demonstrate tpa
hyperlnflatlons dellvered throughout the suction procedur
minid@&ed the fall” in PaO, associated with suctioning

o

Based on these findings it is recommended that routine IC

v

suction . procedures Tixecuted on ventilated patients (VT_
P ‘

,000ml, no PEEP, on ssist-CSntrel' mpde) ‘'be modified t

include’ _the administrat?éh. -of | hyperinflations afte
suctlonlng as well~as between each suction pass. In thi
study hyperinflations prior to suctioning were not shown t
be of value with respect to mlﬂllelng the fall in PaO, o
$a0, post-suctioning.

The findings of this study supbort'the.cd?rent practic
of increasing the‘FIO¢ several mjnutes prior to suction;n
as this appears to protect the patient ftom a disastrousl
low PaO, pdst-suction.

.The;following recommendations tegarding time .weteﬂfno
igvestiéated_ in this study but; emerge from the autﬁor'
experience with the _SUCLfdn procedure. First, patient
should be given time to recover from each suctioning. 1
this study thifty "seconds of mechanical veutilation wa

provided between. the three =uction passes. To the nurse a
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the. bédsidgythis pédse'méy seem interminqble; bOwagef; fhis«

would-appear”tb be a.reaSOnable.time to wéit. 'éééoga,‘ the _

lquth' of time the paitent is- off the Venti;atorf tﬁéF e ¥

i;igduration of actual éUction and the number of sJﬁt;;n -passes  u
should be kept to a minimum as these factofs.wouldvappear‘to
'affect'the change in PaO, associated:with suctiohiﬁg;

. e
C. Recommenéations'for Further Study
 This study was condﬁcfed: (1) on a  small:‘sample of‘
acgtely ill ven;ifégéd adults,'with varying illnesses, who
mgt certain criteria (Flo; < O,é, VT £ 1,000 ml, no PEEP, on

Ass{st—Cont}Oi mode), and (2) using suction protocols which
‘included_ 14 " minutes of préoXygenation and . excluded &_

instilxaiions. These limitatioms prompt the ‘following

'recomméndations for future research. |

1. This study should be conducted in various critical care

settipés to establish the_validity of thgkfindings,

2. Controlled <clinical - studies shoui& be condhﬁted td
| compare the effects of endotracheal suction ~"and
. hyperinflation under theﬁfolloQing conditions:

a. different‘hveﬁtilatory modes (assisﬁ—control versus

intermittent mandatory wventilation), . |

b. Varying’levels of PEEP,

c. varying lengths of prebxfﬁénation;:

d. incorporating ‘an instillation into the procedﬁré;

and

e. specific disease states for instance =pulm9n§;Yf
r. . » S ‘."-



embolus verus pneumonia.

D./ Conclusions

Suctioning is neceséaEY' to’ ciéér' secretions and
ﬁaintain aifway patency ih‘inﬁubéted patients.;\The removal
 of oxygen f;pm the tfacheobrdnchial tree duﬁing sUc#ioning
leads to aiveblar'hypokiaiand hypoxémia post-sué;iohing‘ ana
~an extended',éeribd bf hypoxemia places the-pétient at riék‘.
for fatal Ca;diaé arrhythﬁias; |

In 1this study _préé?ygepgtion for 14 mipuges yi;h an
ihcreasediFIQzlgnd hypéﬁiﬁfiétipns delivefe§  by 'a._vé}ﬁme
ventilator before, between, and after sﬁc;ioningvmihimized
‘ ﬁhe.-decfease in Pabz‘ assbciated wiﬁﬁv‘,gndot;achéal

t

suctioning.
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Research Consent Form

2

‘This.is to certlfy that 1
(relation’'to patient if relatlve signing), have given

‘consent for — + -~ to part1c1pate in a

research project being conducted by Susan MacKinnon-Kesler,

a registered nurse, in the intensive care unit (ICY) . I
understand that Susan MacKinnon-Kesler: (1) is 1nvestlgat1ng
four common suctioning routines to establish which one is
most beneficial to the patient and (2) has seqgured
permission from Dr.. E.G. King, Director of ICU, to conduct
this study. I also undérstand . that:

Y

a. The suctioning routines to be investigated differ in

only one respect from the usual ICU procedure. ‘The
difference is that participants will receive some
"bigger breaths" from their ventilator before,
during and/or after suctioning. -

b. The use of "blgger breaths" is common practice in
intensive care ‘units and does not cause pain or
expose the participant to undue risks.

c. -Participants will be studied during four suctionings

. in a 24 hour period and each time a different :

‘ suctioning routine will be used.

.d. Participants will have about three tablespoéons of
- blood taken from their arterial line during the

. study period. This is a painless way to draw blood.

e. Participants will have two oxygen monitors attached
to them during each of the four study suctionings.
These monitors will cause no discomfort to the
participant as one monitdr will be clipped onto the
ear lobe, like an earring, and the other = a small
round ‘adhesive pad - will be attached“to the chest.

f. The names of the study participants will be kept
confidential and w1ll not appear 1n any research
report.

g. Participants w111 be free to w1thdraw from the stwdy
at any time with no consequences.

h. Participants may not directly benefit from
participating in this project.

b~

"Signature Investigator Date

Witness



