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Changes in Oxygen Saturation and End-tidal Carbon Dioxide Pressure
Following Hyperoxygenation and Hyperinflation before Closed
Endotracheal Suction

Jang, Keun Hwa" - Park, Soonjoo?

DCharge Nurse, Daejeon Eulji University Hospital, Medical Intensive Care Unit, Daejeon, Korea
Y Associate Professor, College of Nursing, Konyang University, Daejeon, Korea

Purpose: The purpose of this study was to evaluate changes in oxygen saturation (SPO.) and end-tidal carbon dioxide
pressure (PEtCO,) following application of hyperoxygenation and hyperinflation before closed endotracheal suction in
patients on mechanical ventilation in intensive care units (ICUs). Methods: This study adopted a cross-over repeated
design; 30 neurosurgical patients admitted to the ICU were provided with hyperoxygenation and hyperinflation before
closed endotracheal suction, and SPO, and PEtCO, were measured. The collected data were analyzed by Repeated
Measures ANOVA and t-test. Results: The SPO, was maintained within the normal range without significant change
following application of hyperoxygenation and hyperinflation before closed endotracheal suction. Although there was a
statistically significant difference in the PEtCO, over time, there were no significant differences between groups or
between groups over time. When hyperoxygenation was provided, SPO, was well maintained for a certain period of time
after closed endotracheal suction. Conclusion: Our findings suggest that pre-suction oxygenation may be essential for
hypoxia prevention in stable patients, but further research is needed to establish reference values for using PEtCO, as
a hypoxia monitoring tool.

Key Words: Hypoxia; Suction; Oxygen; Carbon dioxide; Intensive care units
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of mE MAZSIEQL S7|2 O ASHE

7FgE = ol o] ou A5 A AR oju 2 A ARl g
S T Aol Atk B AT ol A Aba E32 3}
77V Az AR, FB HH)E, Beolut Aluk v,
UG A5, AE ol EuEa itk (Blakeman, Scott,
Yoder, Capellari, & Strickland, 2022; Dexter & Scott,
2019; Maggiore et al., 2013; Pedersen, Rosendahl-Nielsen,
Hjermind, & Egerod, 2009). 0] & At4 EESH= 7|44 £7]
£ e 55 A9 ool AEe G2 A3 (Dexter &
Scott, 2019; Maggiore et al., 2013; Oh, 2003), & o|Aks}
SAENS FAUY R HEF A BAE Jlems
(Coéfic et al, 2024) o] o] T3t 2| &2 Q) HU B P &Al F<l
T 59 A AbAstof Bt BE)7E 2 st
U e TF B AEFT EYEH S T2
278 £ o] F0 |21 Qlth(Maggiore et al., 2013; Oh, 2003).
AP AT A AAESE = FulE 7pAR A of 9§t Arterial
Partial Pressure of Oxygen (PaO,) & Arterial Oxygen Satu-
ration (Sa0;) (Oh, 2003)¢} WutAbAZA 7] of 9J3} Satura-
tion of Partial Pressure Oxygen (SpO,) (Maggiore et al.,
2013)2 SIS oS W Fhet] BuE AR e 3
£Holm 2 241l RUEHPL gkt Agto] o]
%291 A 3HE Hrlo} AAAZ 1A S glof Wupatas
A717F 2 AFE L QITH(Kim et al.,, 2014; Ko, Na, Bae,
Wee, & Lee, 2016). WEFALAZH 7] o] 2]t AL XS == 0]
£ 3l AltaSS TAT 5 AR D 27]of S
A=Y= A9 Aol &, AitaFo] WARE HE oA}
oA HI7EA Shetaf o] WA yepht A4k
&2 A& w2 e 23K (Kimetal., 2010)5 =
o Wik EARte 2 TF W 24|19 7] EH o] S-&st
Al e & ek 271 oitsleka o (End-tidal Car-
bon Dioxide Pressure, PEtCO,)2 317] ¢} £3H2 |42 0 2
EUEHSL AtaT, FE2ES, 71 =S AAsh=dl
231 A 0 2 YrlE X1 (Vianna, Pires Di Lorenzo, Simdes,
& Jamami, 2017), YA A FQlA] AAt4aZ ZUEY
ube 0 2 7o) ALEE| T 91X gow, ]9} B E g B

A ESIE

oy
H1
il
LD

A Aax3 T o & FAE A Y (Lee, Kim, & Kim, 2004;
Ozden & Gorgiilii, 2015; Seo & Park, 2009) 5 { 7koj] Ak

E3e W3l xFol7} gl Ao 2 B I E Irk(Yildirim, Say-
gili, Stinecli, & Kirakli, 2024). 315k o] S Ao 4] £91 &
AbaxBE ZA7)7F A AE, 59 F30%, 38, 58,15
2, 30E7HA] Atube} theFstar, 4 7hA o 24 o) gl
o] A¥=S dH A o 2 H|wsh=d| §A7} Qth. E7H A A 4]
3121 (Blakeman et al., 2022)of| A &= AJ 21 o) A] H| 4 & oL}
MY Felo] QHAstar anta o= AR-E 4= Qlrke Hat

=
Aoz 23 A Eok o] WolopS Tjeke Bavt et

T 591 A] Abast 3 of o] T Ata e o] Aol S
EX3t AT thoFstA AlA =2 itk (Ferndndez, Piacentini,
Blanch, & Fernandez, 2004; Oh, 2003; Salem, 2015; Shin et
al., 2006; Vianna et al., 2017). HERHEA] 9 1(Oh, 2003)¢f| wh
2 ki) A 5o 4hast SRS AT FAelA
ArtaF WA o] Al S A 2 ko] Hls) Bt 40% F=
W2 Aoz Yeigtth 28y o] Aol A S
SHA] gh L Abast SIS 7o) a7 E AR E

A3t A O] AR 5] AN
A A3t A T AL S =S
Aol A T2 Ei T ALFEA] ofiid] T
o) A B A AAEotEs}obgHo R SR HLHoR
Ul 3l (Lee et al., 2004; Shin et al., 2006) 321 A Ak43} ¢l
ol A&z k=7t 4 e HolA A5 o](Seo & Park,
2009) &1 A Abasto] kA S0l Al 4 UASS
AJAFGHE} (Lee & Kim, 2014). o]oF ##isto] FARH o digt
AF Qlo], L2 Qs Azt YA ez ou] QA
o e FA A AasE Alehs vls 253t
Z] & (American Association for Respiratory Care, [AARC],
2010) 3 A 4 13} obs Bt A Q157 & Fl Ao Ak E
3}t Y3 (Blakeman et al, 2022) & E3 &< A Ak43}
o] g g o] A|A=F 2L Ut} T &L} Tume} Copnell (2015)2]
ATl M= HH T T 5 Abastol gt 0] glth= M-S
A Asteh AA = B FEAE EQ Aol Iiba B 1Y
Z SAE ARESEAL AT, oof| Rt 7|z olut AR oA
3] £=3]tH(Yang & Shin, 2017).

ol A AT A T A48} FA) of 3ok BB
AAEBET BPUS] WolH BESAY ALEHES
EHth= AR AIRE E4 A= A o= FoulRh A}
o] & Kol AFE(Fernandez et al., 2004; Lee et al., 2004;
Shin et al., 2006; Vianna et al., 2017) & o] g1 Ao IAkA
L 237 22 Ak b of theh (/A e o A rh=
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p N |

ST 2

)7} ek T3 FUA| AAtaFS St ATE FEA
L5 31 Q)= Pa0,¢}SaO; (Oh, 2003), SpO, (Maggiore et al.,
2013) 9]0} PEtCO,7} AJAtAZ2] 2132 2| & (Selby, Abramo,
& Hobart-Porter, 2018) 2 7-8-31 X of tfj st JAHH A= 1t
orar st gict.
olof] & Ao A& %

‘J—OE

=

_\2
rﬂ

E

1TSS HE 33
S ooz s 71 ) 8 Ao el a1
B L4552 S A F5 5 Sp0, 9} PECO,0] W

sto] FQIEE o) 7 upd o] 7] oA 8karA} gt

S}
\__

L

B

A A
‘_
o]

1,}
= mjo

%
“Lr"t—‘

2. A7 =H

2 A7 BH2 FRAANA AF5E7E A
3 SRS o2 H A F 718 Y 32
A g oj5o] wet Sp0,9} PELCO,2] ¥ 3l
+ Aol

AH 2
(3

3. d+47t4

Fﬂl-‘;

Zol &8 A%, 30%

PEtCO,f 2}o]7} 91*

4. 801 Hel

1) AT5E) 18 81

b

df

=

A X
L

2) 43 712 59
4 712 W F91e B Z1e o Ak &
= AE

o
FiA

ol

ol

i

3o0)
=

Of

55718 BeA7|A) g 7| HulES BAshe W
et al., 2004)2 2 E Ao | T ZH 53
(AARC, 2010)0] w2} 5219182 120 mmHg = A4
o1-8 w4 % &< 71 ] (Kimberly-Clark, USA)E 7]
o AFet - 15% oo Flsh= Aot

ﬂd
>
Moox

J3]
¢r
-

&
z

W2 9180 B Ao H2: 302
(AARC 2010) 2.2 B oI 7LojlA]
338 7](Servo-i ventilator V7.0, Sweden) O,

FOH100% A FFoHE ol

rO

4) 8%
Yo ol L Z |} o2 Hg
L Z(Lee, 2012) 0.2 2 QoA

(Servo-i ventilator V7.0, Sweden) start breath HES =7

=]
By

e 2 PAFA]F]
F9l Ao QL5 E7

A A A3 8]9S 18 5538 FE Aol
e
1. el
B AT AT EEY)E 48T A4 93 B4 HH Y
713 ) §9 A Fakieh AR B4 offo] uet SpO.2h
PEICO, |33 ol mtotal] Sigh mah whe 2y
AQAA Itk WA WHEE Y APLAL Sus) BAS

Ao, AE2 EHaAAHE ARE-ste] HHES7gof whE o]

B AT AFEFT) 4§ BAE AU EFL Y LRI AP WASHATE AT A S0l et
S ARA B0 A9 Y 4Be S IBEF] WSS Rold F ELVL THIAS, e e Ak
(Servo-i ventilator V7.0, Sweden)E 83t 2] 14 o4 & 3} A2 WA AFst S215tE T FA = Q18 o] Y & 3l]
xfolrt. HAIE sl 24 SA 7 1A 471 ol eH(Figure 1).
Order Baseline = Treatment  After suction = Wash-out period Baseline Treatment After suction
Group A O HO O, 03, 04, Os, 1 Hour 010 HI O11, O12, O13, O,
Os, O, Og, O9 O15, 016, O17, O1s
Group B O HI Oy, 03,04, O5, 1 Hour 010 HO O11, O1p, O13, O,
Os, Oy, Og, Og Oi5, O16, O17, Oss

HI=Hyperinflation; HO=Hyperoxygenation; O, Oyg=Baseline; O,, O;;=Immediately after; Os, O1,=30 seconds after; O,, O13=1 minute after;
Os, O14=2 minute after; Os, O15=3 minute after; O;, O1=5 minute after; Oz, O7=10 minute after; O, O15=15 minute after.

Figure 1. Research design.
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2. ALY

A= DAJol| A3t Erfjshar g Sk ol o<
TFAB T A F7E W AT T ATESIE AT &
Aot oA A1 7152 1) T 204 01, 2) 71 W FE W
70] 7.0~8.0 Fr., 3) Q1 Z55 7] -85t x| 1Y 0|4k, 4) 1A|7+
Foz FolWa, 5) AR DAL, W Aol g

6) QA AT, 7) BB A7} Folgk H$-olch qwx}
A 9)712-2 1) A7717E B2 Q1E 557 mode?] W3} 9l
£,2)SPO,90% ©]3}, 3) 1A]7k o] of] Z¢lo] of & H B Q, 4)
A7 B YA JFL v|A = BRI Q= 7
95171} At = G*Power Z2I7E 0§31 HHESA

AHE Ao A A A1 (Oh, 2003) 5 A2 F7taT 37191
25, 478 .80, 9% .05, A1 93], SR 270, Al 7
AT 019 of 24 hARRs 26 0] Qick. BB (15%) S
23] 3098S AL, HFEA A F 308 &
29t

3. a7+
1) tjAFARe] Yutz £ 9 A

% 2
dhabAo] Qb B A Tl B4 ARl Ry 8 A
30

olg3te] ARHGIT) 2uhy B4

=48 ofsta] Agt, AR, 7| %, A3 537
A4 AR, BREUL, A, A2 2kt
2) AL E3IE

AFRETHE(SPO)E thAbAFe] A A& 7here] UB)g A
£ F2H & Philips patient monitor (MX800 M3015A, Ger-
many)2] SPO, §2A| o &ol A&ste] At U E o Lpehd
S5 W, FAH Q= 97~100% ©]th(Ko et al, 2016).

3) 271% o)itsfeta et

7% of4tekehAEH(PELCO,) 2o
2 EtCO, Filter LineS: Q15557 ¢} 7|3 3 Alolof A2
S} Philips patient monitor (MX800 M3015A, Germany)
9] Microstream CO, connectoro]] Z£-& & 3~53] 12 7} X]
U7k b E 5 vebg glolch A4 A1 91elA B o)k}
ek 8911 o} 3.0 mmHg7}F Wk (Marino, 2013).

Microstream H}4]©

4, A7

02

AT AL 0F ZRAE A A, B, FHH 9A=R
A=k
13 3%

R 712 AT BAE YA AR B
o Ao 2 W gehT, Fol A ohgArel A4 vlelg 30

S AHNA A 5 AFH %
AE A7) A AFeg7le A HA S Alst

e 27 oha QHA AT

= %‘ f83

I Al A A2 e atazotE e}t ST oAbt
of Bu g F2 5l S AEE elsiT

2) kst FA ok F2

2l %j A2t 2R APAT(Lee & Kim, 2014; Oh,

£ 7|9to 2 mpikaof It i
A]—-Q-o]-gil:]- .L]‘/\]'/\:r" ol 731 Ol F¥ 55 7]9 O, breaths HE
ot T2 ¢
% % H start breath ‘ﬂ%% = Ao A A H Y3
7| 147 5 53] Fgskth 183 39719 gES
120 mmHgi 5’%%—1 HHF F2A 7HHEHE SV A2
Aok ZE w713 i S92 ST 109 2FEHF ol
U= AR A Al 7HE B E 713 ke Zogt
244 T B e E87b 152 o] o] 120 mmHg2)] ¢t
Lz FHlEE Felsklth

ml
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°F1
o ¢
—_
o
S
o\o
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l-J

[‘_04

e
-
T T 158 S IAE A EH = FAEH o w2
Fw 24 QoI FU Y A Eo w0} 579 o hgEka
% 01—",Ly_7~x}7} 3Zol A]
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Zi
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El
ﬂcrL
2 0{
m{o\v
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g«{u:
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e
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g«{u:

= 475 Alsh7] A Edistarg o 71 88 852 9 e 2l
(International Review Board, IRB)2] 4 2]of| A Q1S BEL
(EMC 2017-06-004-004) 7t5 8, Z3EA4A AAa} atEZL
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ST 2

oBE P BEA B YN oA ATAE 73
FATEAY 3P, W & AP A7l R o
2 BOSHE AolA AuECIE Wkt old) 4318 A
Q752 0 2k AHgH 1, YR A K| Hol et 1
£ Bofsto] olualElm, ofHat v 7L SIFol 9T, o
AEA] A771S AT 5 9100 FolZTo] U2 Fol]
Qo2 st wat e sk AR wgstn A7}
/gtﬂ

S5 FIRBOIA A A 717 B2t Be 5 3712 RS
stk

o]

|

6. AI2EN

b

A X
2z

S8 b3k PR A 2 TR TR A1 700 2
2| A F&H4 o] FATA| S ttest2 B8 tHWellek &
Blettner, 2012). Repeated measures ANOVAE 0]-8-3}o] 3}
AbaZ st A 2r] § A - F AR EohES} 575 o]
Abshera B ko] Agbe] TR WSS EA5HT Repeated

measures ANOVAOA] L&A AAL TtE51R] &S 4%

b A% 2] Wilkis' LambdaZ £4}5}3t}.

AR AL SPSS/WIN 240 ZRIHE ol §tsieh iy chAbAe] Qb B0l Agat 4 BEL ka2 3
Apo] bl 9 Ay ol B L VIS EAR BASh 2 BAZ o) SAOE o3 Aol gl kWY Bl
7H) AFAZ A2 X2 test, Fisher's exact test Y Independent EA9] o3+A At 7)1 o] YA, el3gsEr] A AH,
t-test A ASIGT, AXof w2 S ollsh] W Bl AUk, A, 718N H 0 AAEShEe} 572 o]
Table 1. Homogeneity Test for General and Disease Related Characteristics (N=30)

Hyperoxygenation Hyperinflation
Characteristics Categories YPETOS P Xort(p)
n (%) or M+SD n (%) or M£SD
Gender Male 10 (66.7) 10 (66.7) 0.00 (1.000™)
Female 5(33.3) 5(33.3)
Age (year) 52.9+19.3 58.7£16.9 -0.86 (.395)
Diagnosis Subdural hematoma 11 (73.3) 10 (66.7) 4.38 (.357)
Epidural hematoma 0(0.0) 2(13.3)
Spinal cord injury 2(13.3) 0(0.0)
Intracerebral hemorrhage 1(6.7) 2(13.3)
Subarachnoid hemorrhage 1(6.7) 1(6.7)
Sedation Yes 8 (53.3) 10 (66.7) 0.56 (.710")
No 7 (46.7) 5(33.3)
Endotracheal tube diameter 7.0 3(20.0) 3 (20.0) 0.00 (1.000T)
(Fr) 7.5 12 (80.0) 12 (80.0)
Ventilator mode CMV 7 (46.6) 5(33.3) 1.29 (.524)
ACMV 4(26.7) 3 (20.0)
SIMV 4(26.7) 7 (46.7)
Mean blood pressure (mmHg) 87.80+11.97 85.801+15.68 0.39 (.698)
Heart rate (beats/min) 82.27+25.63 84.20+23.16 -0.22 (.830)
Body temperature (C, Tympanic) 36.8410.43 36.93+0.34 -0.61 (.546)
Saturation of percutaneous oxygen 99.80+0.56 99.73+0.80 0.26 (.793)
End-tidal carbon dioxide partial pressure 27.931+3.84 31.13+6.47 -1.65 (.111)

T Fisher's exact test; ACMV=Assist control mechanical ventilation; CMV=Control mechanical ventilation; M=Mean; SD=Standard deviation;

SIMV=Synchronized intermittent mandatory ventilation.
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HCT S

AR AT A 7h]| mhE 7<}<>l(p 356)2]»
k XM% Q.om (p=347) 23} AlZbo] W12 BB AG
Zpo) 7k 9lol(p=.804) 7+ 12 7] Z}=] i th(Table 3). Tpit
3 FPE 7 A2 712 F A - 5 Sp0ye) sty
- Figure 29} 2t} 274 A3 of] w2 SpO,= Bk 7

AQ

2. XX[e] o| &}t HHA

vl VI S
™

TAAA o 2 0| Y ETE BIT AT Ao E o} 5
7)4k o) AtsletA RS B E o] Y AT ¢l 9itH(Table 2).

o

2 591 Ao Hat 99.77+0.68 % F 1L, T 252} 302714 H
3. 7t AA™ 100%7F A= o, Sl T 1E(H 99.90+0.40%) F- €
501 158 (o 99.8710.43%)7FK] 99% o]A+e] B Qjof &
1)7Hd1 EZ3tE . BT SpO,= &2l Aof| Ha 99.73+0.64%
Tt AR AN 71 S FAF G, F AFA 0L B2 9571043% 8 AP}
223,302, 18, 28, 38, 55, 108, 158 39 SpO,0]| 2] &2l & 185(99.77£0.50%) € g9 & 158(99.77+0.50%)
7} 91 Aol 7] 99% o|Ake] W$lel A BESLt
Table 2. Carry-over Effect Test from Hyperoxygenation and Hyperinflation (N=30)
e Hyperoxygenation Hyperinflation Carry-over effect
M+SD M+SD t(p)
SpO, 99.97+£0.13 99.90+0.28 0.84 (.410)
PEtCO, 26.27+3.59 29.47+5.95 -1.78 (.085)

M=Mean; PEtCO,=End-tidal carbon dioxide partial pressure; SD=Standard deviation; SPO,:=Saturation of percutaneous oxygen.

Table 3. Changes in SpO. and PEtCO, before and after Closed Endotracheal Suctioning (N=30)
Hyperoxygenation ~ Hyperinflation .
Variables Treatment time (30 cases) (30 cases) Source F (p) Sphe;‘\}c(gr test
M=SE M=SE
SpO, Baseline 99.77+0.68 99.73+0.64 Time 1.14 (.356) 0.000
Immediately after 100.0040.00 99.87+0.43 Group 0.90 (.347) (<.001)
30 sec after 100.0040.00 99.87+0.43 GT 0.54 (.804)
1 min after 99.90+0.40 99.77+0.50
2 min after 99.87+0.43 99.731+0.58
3 min after 99.87+0.43 99.80+0.48
5 min after 99.87+0.43 99.73+0.52
10 min after 99.83+0.59 99.80+0.48
15 min after 99.87+0.43 99.77+0.50
PEtCO, Baseline 29.53+1.04 29.37+1.04 Time 4.01 (.001) 0.001
Immediately after 27.80+1.02 27.93+1.02 Group 0.02 (.890) (<.001)
30 sec after 28.47+1.01 29.17+1.01 GT 1.41 (.213)
1 min after 29.73+0.99 29.231+0.99
2 min after 30.03£0.96 29.57+0.96
3 min after 29.77+0.95 29.50+0.95
5 min after 29.83+0.91 29.27+0.91
10 min after 29.47+0.90 29.23+0.90
15 min after 29.30+£0.91 29.03+0.91

G*T=Group*Time; M=Mean; min=minute; PEtCO,=End-tidal Carbon dioxide partial pressure; SE=Estimated mean standard error;
sec=seconds; SPO,:=Saturation of Percutaneous Oxygen.
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AATH(p=.001), 2k T+ 2+ 2ko]= Gl 2 (p=.890) w3t A]

27t 3
, 15, 2—‘%‘— 3E 58,108, 155 S0 PEtCO.0] 2} TH(Table 3). TAFATT T3 7 E 7|2 W &

VAT FAF 719 WEA G| 2 Aol = glo](p=213) 7H 2= 7| 24E 9]

% PEtCO,9| ¥3} = Aoid, itaad2 54 %ﬂ Bt

%&gﬂg T NHAS 22A7|A Bote]  2953+1.04 mmHgol A 591 A% P 27.80+1.02 mmHgE

l‘

= A A o] Wilkis’ Lambda® T8} t}. & 93] Hash= A oA &2 18 $(29.73+0.99 mmHg) F
573 PEtCOr 43 23}, A7t what f-2J3t 2kol= Q) A FEo R {AEe P EAry gL

100.05
=8=HO =—8—HI
100.00
99.95
& 99.90
éq
& 99.85
99.80
99.75
99.70
@ 4 A L £ £ i L
‘.Je:\\r\\ L@e, %C@ %\,@, }D\.@- g "D{@I ‘\'@ gg;
o = &~ & = = = & &
R S S SN S
]
&
& Time 1.14 {.356), Group 0.90 (.347), G*T 0.54 (.804)
30.50
==H(O =—e=HI
30.00
= — 29.50
T
£
£ 2000
Q
2
Ll
o 28.50
28.00
27.50
A A ) X L "3 A "y
L A & @ & & e &
ch]e}\ ‘\,59- b«%\‘ Q%\'” Q%"‘ Q%{‘ Q%“ & &
X & ok oy oy oy oy F,.\\\\ _,.\\\\
BE)\%’ ’5‘37 .\(Q q/(r‘\ 0)6\ ¢j<r‘\ '\9\ '\23\
&
& Time4.01 (.001), Group 0.02 (.890), G*T 1.41 (.213)

G*T=Group*Time; HI=Hyperinflation; HO=Hyperoxygenation; min=minute; PEtCO,=End-tidal Carbon
dioxide partial pressure; sec=seconds; SPO,:=Saturation of percutaneous oxygen.

Figure 2. Changes in SpO, and PEtCO, before and after closed endotracheal suctioning.
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