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s 20l e HIERE A
2 3 2
kl 2 Baum, 1983; Stoner, Harried & Baun, 1982; Powaser &
Converse, 1980; Fell & Cheney, 1971; Langrehr et al., 1981;
0i310] QM Stephens & Guthrie, 1983), TA #FH= A7l ket Gge
o rE yepdth & Z13g SQ2E QF oprlEe ALt

713 Bl AxE 3F7|Y MRS FASHA Keke £ sty Y3l ohekst FA dEkse] A . AL
s AYS HES] 3l BFAA FAog FAl on, 7 Il HEHOE AAEH O dAFEe] ME O
ot e TS fUshe AlEol7IE dtrhBames & € Z2A4E Bugo2H JPEARl AFENE Ul HE3)
Kirchhoff, 1986; Riegel & Forshee, 1985; Wainwright & v AL b9 oygE AR FAHgck  Egt gL AT S
Gould, 1996). 713l &3 #Aste] E3] WHyste ¢HS AA A7 S AAE TF7 FAE 7 #A4=E
o72F 7Y, £FEE, A, oA FUE, a8a Ak VRO 5E 2dS AMESE A9l Wol olEe AT At
5 58 E 7 8tk o] T AdaFE 71T A uido] & A 2dE AE3]E oEE AR AHGI
HE fEo] A4 W&golv £& SRR At Alw a8y AT FA AN %L 59 diAE st d
71522 Qd AFS AHYE T W @AY o5 F 2 FY37I7E o] uliel Fds FAle] s wHEA
st GES u)X= FFolnt & 4 vk wEbA Z1Ey o2 FYPE A7 dHReg HeLEHE F8 T8 ¢
o7 Ay wAes AiArFE dwshr] dd B2 F A AR Agsks Zo] nry gAAdoly gadk 7Y A
Agol e, FLEH S F AAHE

713 BQleR <& op|He AatiFs AdE 4+ 3l J2EE 2 AFMe {1 #¥E AidAFTE odst
T SAEL A7l uet oSt o] Wos AwEg] 71 A% FAEY 29E A 1A d7EATEE AERE
ov F A AkAFH(preoxygenation), % (hyperinflation), sto] wEREA S FHstloy TAlAA A7 5T oE
A2 3K hyperoxygenation), 57]¥(insufflation), }%+7)(hyper- I Aok 1 713 FAoE of" AiAFE «dWsh] ¢
ventilation) §°] T2 Wo| AMEHE FAER] o By s TAEL H avarigE AEste] 1 glo] BAYeE
2 THBarnes & Kirchhoff, 1986; Wainwright & Gould, 1996). FAe7re HAAst 2) FAZE AFE Al wep FAA
ojFst EAE F E3] od 243 HHo] AAAREES o AF43H(Pre-oxygenation), S¢15He] AbA3HInsufflation), <)
shedl adA e AAste ATl Bel FAFHAEH & AbA3KPost-oxygenation) 2.2 FEBF] 7b Zho] 5HF
(Baun, 1981; Gozalez, Erchowsky & Ahmed, 1983; Nuno & 02 AFHAE A, T2 F M EE A 7 HEE
0| : EQ, MaAS, MaasE, Maas HEE
* B AT 20014E Qletdigty wul ATn] A Qe <3 FBEHAS (INHA-22073)
D stdgn sty Buse
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Ag A B B A7E AEstel 1 f94E AR Az A diy
o3 S AARE AT iyl wer #adas
(hyperoxygenation), Z+83(hyperinflation), }27](hyperventilation) $4 7t AT nEF AART 9 FAEY &9 2
Fog FRem 7 7 EPHoR AFHAS A, F& F NE $HF (1998)2] wEREY ZEIRe o) fste] AEe}
HA EE AZEA] o]l BEEHNE A9 Bd a3 k. oy AFERE AAE FALAE HHEstA & o
2 AEST O frdE AT 4) LR AdAT oW v #2 AEE AFY JoUt el asarle oEw &
2 % BA W, B W, AR 3 AS ‘;»l =% Ao FgEE Axg & 4 vk
Wk A7) B FAEYS BEE Besed o Jled § 2 dFexe a#ar)e] duis mEstd Ho AolE
ARE ARE ANFoER VB FAoR A ANLF Julstel ol Cohen(1965, 1977)¢} olel @& Zlojv. &
Aol ool e #AES AT AT A& 7o #azlg AEsted ol 71E Asrt He FAFS 7
Stara} g # B2F AUA del= t g p %;E F 3k JtelAlE g 5ol
BE F F gloy # dFelXE FE p gto] EuH 9
o Uity £ Abgsiginh aela A $ARE HuskA oy
tharzto] ohdt 9 AE(raw data)r Badk A9s SAEA
o M| £ st FR = HE FARE Tkl ARgatler, & et
A9 RAe| BYguA e FARS Hud o%—t— AA
B Q7= y)7h) 3oz A of7|HE AALAES o ¥ 4 ARE EdE & A7 BAdA ez He B
W) sl A48 oekd A WEd g 53E 34 g AbEatol Bajel] 23egl
12 AT ABHES wELEAS Aot AEY A sAAE AR BAE 2oz AN
¥ A Wit FF 1775 AEse wek s
o3 At A gL Aoz AWyt Y A9 BAY =RES
s aEste] oW ATt A FAAN dFE FEIE
1 BoloE oldk AAAZS ously] 93 =A] A ZALste] Bolghg Ze AT ALdE AdedA WEe Al
#zo 5iE A4 d+ES 55L& MEDLINE Searcht} Tatitk Eot ¥EE anary A4 frdde AAsI
ZA9 #BEd R ZuEF 22 At A 3 A 95% A FIHE AESFF oM 95% Al HEE
ATEA ] B ATE5L ML 24 9jd) AF 273719 A4 FA4E AT B8 FAED 294
A =Y 71FES 1) 1970 ol Y AT 2) J1E 719 Bl - B % ALty 1 9 diakabel did dnt
39lo] e B BAS IOR # ATNEFEL gow A B4, BE A7), A P, 39 s AL aela F
T ATE AD) 3) 174 ol AaaE i ZA)50] A Az FHE W Foll g 71EA FAEH ] FHHYT
29 dF Folglon ofd /&) F¥E = 30Ho] ¥
Jeo] ¥ 9T} o3 AN}
&2y T3P B Ao B4L 98 nEE =FE F 3080 gigat
o) b B4, FA AR WY, 54 8 AV
delAg fsl 12k AFERTH S4E AsE A, WE o9l 7)E B s didt 7led SAEME FEA
1A A%, o g ", 32 37, kst A, A T 308 =Re] BF xFEHF oY deEAcds uzd
3o, Q) B, Axkage) SRET, A3 wE 534 EEE 7R 153(50%)0] ALdHST AlfE =E T 5 #H
7, 183 BAF Folglow uek 8 AR WFE =437 & obFd BARE AAEA i vhub “Hapagol g
Al 2] ol BAETE AR Aew vlas A% F 37} foekx £ o et AFstel E4e) E3E 5
34& Fol7l 98 g ATEelA AEE NETL £ & dgiem ymz 1099 =% A7 e dig anel #
9 278 AUtk =3 & ATl olal FAe] g A& BAGE AASA I “p<05; peol; p<02; p<.001
g SAlO HAS A 24 A dg AHE 599 Fro2gt Huste] HEHEAC T S gtk A
ATz 74Z=3to] Ao LIAZTH T 158 = 5 8¥26.7%)> A FAHE L1

of T2 wWeHEMo] sbEatalon veA] 73H(23.3%) 9]
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3t A A= (raw

TeAE @kod BE F oAb #AHaShyperoxygenation),

3 % hyperinflation),  I}3+7]

2= data)E AAER7] WEo] o]F 2 (hyperventilation), 7l A F<(open system suctioning), L
Az EFALNE P50 Faz HE= BARS AES £ Yot #Hd AA F<(closed system suctioning) 5] FZ A}
pisd=g SHE AT FAECINt 99 ATAES & F
Aol st 2&‘—45 AABIAEH o8] AYexE AT
4 CHAIRS] di™ EM F54 AAE AFHA Aot AR ApEs =HA K
o0 A AbA3Kpreoxygenation)= AAAT oS s FA
E1o g It Aakk Ay FAEL adE AR W] di3t gojolrintE FAE AT APE oy
A& Ao T A4 11~20780] 7H Boh42%, (Barns & Kirchoff, 1986)3H= ZU& & 4 Ak
128) F£2 BL 49 & e E ATt FREASE = HAAA FAL B, & FAstel] Az} A
& F UTh Ao FF idRte] Bt AP 504 ~60 THE FAWHE A€ Es gold W, EAA FUL &
Al Alol7b 713 BoK50.4%, 8 W) Hlid =2 d#He it AEet Axsizt AFEHA Fe F2 $HE BT (s
Ago] F2 X B & dslen Aol x3E o gojo|t}. webA Barnes & Kirchhoff(1986)2] £RFi& Aita
A B ’%Eﬁib vhekst A s mest A9t M ZF dY TAES IR X SGeu FAT
Fe HEE BHOH(31.2%, 8 H) I thEo] EF7) FHo Az e i #JA4 Xohe AoR dAHH. ol
2 19.5%(5 1“1)913}. a8 #EEH fIes we #X49 gt Q14 st B AT AMLSTE dWsy] f3 dFE
A FEs 2 AT 15.6%2) 11.7% & °ISith A AR FANES SA AlsE MRS S AlE

?r
& IYE A&t &

=
2 938 AMH-E 712& Bamme & Kirchoff{(1986)2 5 7]
Aol A ARESE FA) AW

oz st AMAFTE W] A FA= kst Hol| gt FAH E-2 <Table 1>7} 2t}
gaog AFHoH Aol met 2l dist ¥R 4
7] 2A AHgEo] d#Fo)A| 30}@“:} ojgfgt AE <l o kasho] AlAel sk £
A3lo] Bams & Kirchoff(1986)= ATENM A5 1 H3H7} ATEIA HE wol Agsted 1 mdE AT s
43d sAES A %"—JQ %—Oii st AEE ARE FAFAS) AtAEl & SV (Insufflation) &2 43.3%
stledl o] AFAEo] A upel| gstd A B (13 ) AF7} olo) PR <Table 2> # AkA3ME
(manual inflation), & AtA3Hpreoxygenation), &7 ](insufflation), A&s A7 40%(12 BE T HAZ ‘?lEﬂ- =g} 2

(Table 1> Definitions and Techniques of the Interventions used to Reduce Suctioning-Induced Hypoxemia

Oxygenation

Time Periods Definitio Technique
* Bagging
Preoxygenaton Administration of oxygen before suctioning only * Changes ventilation
* Mechanical sigh
Insufflation Allows oxygenation to be administered simultaneously with * Double lumen cath.
suctioning * Sidearm of an endotracheal tube adaptor
* Bagging
Postoxygenation Administation of oxygen after suctioning only * Changes ventilation
* Mechanical sigh
Oﬁgfhnoaéfn Definition Technique
Hyperoxygenation {\dmini.st-ration (?f oxygen at an FiO, greater than the patient  * Bagging with suppl'emental. (o))
is receiving or is usually required * Increasing the ventilator FiO;
Lung inflation by means of a resuscitation bag or ventilator;
Hyperinflation may be at a volume equivalent‘to the ventilator set.ting or * Bagging .
as much as one and one half times the preset ventilator * Mechanical sigh
value; does not imply a change in oxygen concentration
An increase in rate of ventilation; does not imply an * Bagging

Hyperventilation

increase in volume or oxygen concentration

*

Increasing ventilator
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o)

o
A B Ak
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A2sE ATE PHS Bbas, $9F aw 38y
Folen 7 74t E¥dos ALIE sgou F A
& A 7H e BAC ASE FEE A E<Table

> 3 Aol o ZhA S FAl

(2078} <A77t olel sigsilor ol

AAsE A7t 9}

kel g0l 100%7F 9eh ¢4 b B weg 3
28 e Habaslel HAAS FAl 483 Ho= 78%

2SS A8

T B 39%(107)), 22 HBFE AR ATE R

31.2%0] % Th<Table 2>.

WirAg S Ageted ol Mg &3] AME 0,9
H&-E FiO, 1.0 ©|3187%, 2%8) 1 & 1 #Y ATelA
80% OF Z-&atgion] umx F dAfoa dA FFHE
FERY 20% =& H&9 0,8 50% F2 vl 0,8 &
Zh Agslvi<Table 3> 18|31 4SS AFsh] A3
AFZTENE AHET ASTE 158%(15H)E thE AAEHY
oo S AFEE AR 40%OB)OIAHE ATlM &
7Aool WS Agste] AR EerF o] FAkE v
#0] 100%E @) g A AHE 2719 & 150%
tidal volume©] 7F& W3kO1(40%, 8%) 200% tidal volume
AMEEE -9 &4 AF(Lean body weight) .8 AHE3SH 37]
9 F& AHEE ATt 7 7} 20%@E)E A NEE B
At <Table 3> 339 3F oz HAFE FLah= W2o]
Vg E8] AREEAEE 36%9F)7E olodl dlFElon 4~6
3 3Eor AL FU) 28%(7H), 1YL 138D A

{Table 2> Descriptive Statistics for Oxygenation Time Periods and Methods

Oxygenation Time Period N(30) % Oxygenation Methods N(26) %
Preoxygenation only 12 40.0 Hyperoxygenation only 10 39
Postoxygenation only 1 33 Hyperinflation only 8 31.2
Insufflation only 13 433 Hyperoxygention+Hyperinflation 20 78
Pre+Post 11 36.6 Else ! 1 39
Pre+Insufflation 8 26.6
Pre+Insufflation+Post 5 16.7

1: Hyperventilation+hyperinflation

* More than one oxygenation time periods or methods might be examined in a single study

{(Table 3> Descriptive Statistics for Methods, Volumes, and Devices of Hyperoxygenation, Hyperinfiation, and Insufflation

% of Oz for N % Hyperinflation N % Hyperinflation N %
Hyperoxygenation (23) 3 volume (20) ) methods (25) )
. tidal volume 3 15.0 3 respirations 9 36.0
FiO, 1.0 20 87.0 or pre-set volume
150% tidal volume 8 40.0 4~6 respirations 7 28.0
80% O 1 4.4 200% tidal volume 4 20.0 1~3 min 5 20.0
20% above ' 1 4.4 LBW * 4 20.0 Else * 4 16.0
50% above ? ) 44 10 L/min 3 15.0
) 15 L/min 1 5.0
Hyperoxygenation N % Hyperinflation N % Insufflation N %
devices (24) 3 devices 21 i methods and devices  (19) i
Bagging * 9 40.8 Bagging 13 59.1 CSs’7 5 26.3
Adaptor * 7 37.1
Ventilator ° 15 75.8 Mechanical Sigh 14 60.9 Double lumen ° 3 15.9
Else " 4 21.2
1: 20% above maintenance level 2: 50% above maintenance level 3: volume calculated with lean body weight
4: 1~3 respirations(2, 8%), 3 ~5 respirations(1, 4%), and 3~6 respirations(l, 4%) 5: bagging with supplemental O
6: Increasing the ventilator FIO, 7: Closed Suction System 8: Swivel adaptor, Adaptor, etc.
9. Double lumen catheter, Jinotti double lumen catheter, etc.
10. In-line suction catheter(1, 5.3%), constant flow insufflation(CFI)(1, 5.3%), high flow jet ventilation(HFJV)(1, 5.3%), and Valve system(},
5.3%)

#* More than one % of O,, hyperinflation volumes, methods, and devices might be examined in a single study
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B 2 ¥ %
oz AL A7t 20%GBOINUTE GRME Aol e 9y A8 wESA AY AAE Agssied FA4
IS AT A(59.1%, 1388 AF TEFVE ALES 7F 7488 308 ~2A]7ko|gdTh
o] HEE(60.9%, 141) AIE7L 719 34 Aoz ¥4 2 ,

o AN ATHE ATl & 7HA o)l WHE FAlel A MAAS S of9stz] et S0 e HIEREA
fato] A A7t wop FArE v]Eol 100%% 3.
%71111011& AHEE JTER A BS NES AXH A AAT AW FASS AFD Aol el #ASl]
Swivel 3719} & =% adaptorS -3 0}04 g st FAHORE SR Fo] HEeRRAS AH F 2109 A7E

Bolgien 37.1%(7)lM olF ARSIt 1 9]
gt Aol qlo] HAMAA Flolgtr Bud B¢t 26.3%
H)el o9 1 9 double lumen 7]-E1]E1(1'5.9%, 3H), Valve
system 5 AREEHSGII CFI(Constaﬁt
HFJV(High Flow Jet Ventilation) 52 WHE &L WXo]V]
T o AREE Ao® B Hv

< (e

Flow Insufflation),

AEoA E.Ti?l' B9l AIZFE 15 Z7F A WIET) =9k
©(72%, 18), 16%(4 Hgsiitn Hashch
<Table 4> A48 &2 -60~-200 mmHg AFo]Q12.
TE9I art

l‘_‘\[‘:&}m
2] rlr -

FRE ofF

A3 A= Pa0,, Sa0,, PaOyFi0, 181
Svo, Fo|%=t<Table 4> o] & PaOz7P THE o]F3ler
(69%, 209) Th&o2 ol AL ZHA¢ = 0,019t
(20%, 6%). FA7F & F2 A4rLFTo| 1%]% anE
gt Sfsh AAAFel gt AEE 54 AHowEE
3 Hapt Bd AERE 3
Fol 62.1%(18 H)7} ool a3t
7F o FA e AR

a2 = ]

%

<Table 4> Descriptive Statistics for Suctioning and Hypoxemia Measurement

=i she] =RoFRE 1) oldel AxAn
7b AEE A9 ADHERE AEE a7 7180l AR F
AakA ke Aow Y i 37158 IUE HEE 5
GAek olel) WE AR EH AV AUAA ZAY e
5ol AFAHE ALAHTE WA 16718 AT ATE A
2 FAstel Yugks AzaEgied B Foasn vt
862 % Cohen(1972)%} 715 &k % e E VAL I
Qom EAZ R 934 tHU=54.09, p=.0000)<Table 5>.

Axeg oG FAES ATH ARER BRIt B
a3 A71F AEst] At BAFHE fowrkE AAst

AR e B¢ aRANES lﬂé}
otk AAZME AT F 8 ATES &
ZARE AR A7 T gk Bo
o] AFE A YA s AFERES F
o] Byt ERAZ|E AESich B 2 B8R FI
a3 aziel sigstsler FAHCRE folairhu=6.13,
p=01). & Felvt A4S AFs H9E 10 AT
2ste] dElEAelN AT FA T A4S
Az &7 FA A BES AoE JERKQ=1.99,
p=57) 578 AFAxEe6 ATE F s FAIFIHY
H A A5 4SS d -1.592 BAFo g F98
o H(U=30.64, p=.0000) FAE A A$7t 1¥A o2
el vis] AakaFol o HshAl vehd o= XMEP*
oh AR EQIF AAsE AFe s A A7Ez

1nf

[

i

Suctioning N % Suctioning N % Suctioning N %
duration (25) ? pressure (7 ° flow rate (13) i
10 sec 4 16 -60 (mm Hg) 1 59 10~13 L/min 2 15.4
15 sec 18 72 -80~-120 9 53.1 15~22 L/min 9 69.3
Else 3 12 -140~-200 7 413 23~27 L/min 2 15.4

Measurement N Measurement N N
parameters (29) % times (29) % Intervals © (15) %

Pa0, 20 69 Just after ° 18 62.1 1 hour 5 33.3
Sa0, 6 20 15-30 sec after 4 13.8 2 hours 4 26.7
PaO2/FiO, 2 6.7 from 1 min after 4 13.8 30 min 4 26.7
Svo, ? 1 33 Else * 3 103 Else * 2 13.4

1: dsec(l; 4%) and 10~15sec(2; 8%)
4: lowest valie of the day or lowest one- among affer values
5: Intervals between protocols

46

. 2: Mixed venous oxygen saturation

3: immediately after finishing procedure

1% 6: 5 minutes(l, 7%) and 10 minutes(l, 6.7)%
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(Table 5> The Results of the Meta-Analyses for Interventions Used to Reduce Suctioning-Induced Hypoxemia

‘ # of summed _ _ 95% confidence * S|gn|fxca}1nce Homoge?etty
Intervention . sample D' R? test test
studies )

size jower upper U p Q p

overall 16 332 .86 40 .63 1.09 54.09 .0000 23.99 .07
Pre only ’ 5 65 .68 32 14 1.21 6.13 01 66 A
Insuff only ® 5 65 -1.59 -.62 -2.15 -1.03 30.64 .0000 1.99 57
Pre + Post ° 5 136 111 49 75 1.47 36.04 .0000 3.27 51
Hyperoxy only " 5 106 62 30 23 1.01 9.70 .002 2.45 .65
Hyperoxy+Hyperinf " 7 116 1.33 .55 .92 1.73 41.27 .0000 2.79 .83

combined effect size of d

l:
3: 95% confidence interval of D

5: Homogeneity test for the ds or rs
7: Preoxygenation only

9. Preoxygenation + Postoxygenation 10: Hyperoxygenation only
11: Hyperoxygenation + Hyperinflation

8: Insufflation only

oyetzrEsta X 33(1), 20034 28

2: combined effect size of r

4: Significance test for D or R
6: meta-analysis was performed by including all of the studies
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Meta-Analysis on the Effectiveness of Interventions Applied to

Preventing Endotracheal Suction-Induced Hypoxemia
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Oh, Hyun-Soo"

1) Associate Professor, Department of Nursing, Inha University

Purpose: This study was conducted to investigate the effects of the suction-induced hypoxemia interventions.
Method: 30 suction-induced hypoxemia interventions were reviewed for the purpose of meta-analysis. Result: The
study showed that both preoxygenation and insufflation were the most frequently examined oxygenation time
periods, and hyperoxygenation combined with hyperinflation was the most commonly applied oxygenation method
in order to prevent suction-induced hypoxemia. The greatest effect was obtained by providing oxygenation before
and after suctioning, whereas negative effect(the contrary results from the study hypotheses) was frequently
obtained by applying insufflation only. Applying hyperoxygenation combined with hyperinflation had the greatest
effect over that of applying hyperoxygenation only, even though the difference between effect sizes of both
methods were statistically significant. Conclusion: The results of meta-analysis showed that the occurrence rate of
hypoxemia after suctioning was significantly reduced with the overall interventions for hypoxemia (decreasing 40%
of occurrence rate), independent with time periods or methods for providing oxygenation.
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