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Evaluation of Parameters of Gas Exchange During Partial
Liquid Ventilation in Normal Rabbit Lung
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Background : The opitmal ventilator setting during partial liquid ventilation(PLV ) is controversial. This study
investigated the effects of various gas exchange parameters during PLV in normal rabbit lungs in order to aid
in the development of an optimal ventilator setting during PLV.

Methods : Seven New-Zealand white rabbits were ventilated in pressure-controlled mode with the following
settings ; tida! volume(V+) 8 mL/kg, positive end-expiratory pressure(PEEP) 4 cmH 0, inspiratory-to-expir-
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atory ratio(I'E ratio) 1:2, fraction of inspired oxygen(F,0,) 1.0. The respiration rate(RR) was adjusted to
keep PaCO, between 35~45 mmHg. The ventilator settings were changed every 30 min in the following se-
quence : (1) Baseline, as the basal ventilator setting, (2) Inverse ratio, I:E ratio 2:1, (3) high PEEP, adjust PEEP
to achieve the same mean inspiratory pressure (MIP) as in the inverse ratio, (4) High V¢, V+ 15 mL/kg, (5)
high RR, the same minute ventilation(MV ) as in the High V1. Subsequently, the same protocol was repeated
after instilling 18 mL/kg of perfluorodecalin for PLV. The parameters of gas exchange, lung mechanics, and
hemodynamics were examined,

Results : (1) The gas ventilation(GV) group showed no significant changes in the Pa0, at all phases. The
PaCO, was lower and the pH was higher at the high V+ and high RR phases(p<0.05). No significant changes
in the lung mechanics and hemodynamics parameters were observed. (2) The baseline PaQ, for the PLV was
312+£113 mmHg. This was significantly lower when decreased compared to the baseline PaO, for GV which
was 504 £81 mmHg(p=0.001). During PLV, the PaO, was significantly higher at the high PEEP (452 +38
mmHg) and high V (461 +53 runHg) phases compared with the baseline phase. However, it did not change
significantly during the inverse I:E ratio or the high RR phases. (3) The PaCO, was significantly lower at high
Vrand RR phases for both the GV and PLV. During the PLV, PaCO, were significantly higher compared to
the GV (p<0.05). (4) There were no important or significant changes in of baseline and high RR phases lung
mechanics and hemodynamics parameters during the PLV.

Conclusion : During PLV in the normal lung, adequate V1 and PEEP are important for optimal oxygenation.
(Tuberauiosis and Respiratory Diseases 2002, 52 : 14-23)
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V. 2 g 238 78 FdsA A8



— Evaluation of parameters of gas exchange during partial —

Table 1. Protocol

Phase Vi (mL/Kg) I E ratio PEEP (cmH:0) RR (breaths/min)
I. Basal 8 1:2 4
II. Inverse I . E ratio 8 21 4
. High PEEP 8 1:2

Adjust PEEP to

achieve same MIP

as in Phase II
V. High V. 15 1:2 4
V. High RR 8 1:2 4 Same MV as in

Phase V

Vr, tidal volume ;I:E ratio, inspiration : expiration ratio ; PEEP, peak end-expiratory
pressure ; RR, respiration rate ; MIP, mean inspiratory pressure ; MV, minute ventilation

Table 2. Parameters of Arterial Blood Gas at Gas Ventilation versus Partial Liquid Ventila-

tion
Phase Gas ventilation Partial liquid ventilation
oH Pa0, PaCO, pH Pa0, PaCoO,
(mmHg) (mmHg) (mmHg) (mmHg)
I. Basal 747£0.03 504%81 4141 7.28£0.12"  312+113' 60+14'
II. Inverse 1:E ratio 7441007 517+79 42+3 7.34+0.08 330+£38"  B3%7
II. High PEEP 741007 500+66 4143 7.37+0.10 4521£38* 4949
N. HighV 756+0.07 510+56 28 £4* 747+£0.10* 461 +53* 31 £4*
V. High RR 756£0.08 540+55 28 +5* 7.39+0.09"  251+127'  43+6*

Data are shown as mean +SD.

L'E ratio, inspiration : expiration ratio ; PEEP, peak end-expiratory pressure ; V1, tidal vol-

ume ; RR, respiration rate.

AA Ve 15 mL/kgg HE3IQoM, sHRE 1
RR W2 3 vV widleh zhe 89 87)2 (minute
volume ; o]t MVEZ 9h & §x31= Ara v,
& 71A845 BYslA sEA RR& Z7HAA A4
e 4=

TUE E7GA 94 GVA] ] Z2eg] gA
A AR W8 Agslgden), 11 & PFCY
perfluorodecalin(Fluka, Swiss) 18 mL/kg& 7|7l
B71719] circuit® AZ¥ closed suction F}E|E}
(Trach Care® Ballard Medical Products, USA )

*p<0.05 versus basal, p<0.05 versus gas ventilation

2} side portE 53 1587t 1/3& eeloAl 1/3
& 742} 29 Zo9lolA] F9J8I4t. PFC] 29)0)
45E F ) oAl SAle) JAIEY) Moz 2
HE GV} 5UslA @718 Agsint.

4. BA B
EE 3P4 ¥ £ E2UE B shas

719t PLV Zho] @AY xjoli= Qgdufx] Bahm
(one-way ANOVA)S] Tukey T}F t44< ola
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Fig. 1. Changes in PaO, with Varying the Ventilator Settings during GV and PLV

(GV, gas ventilation ; PLV, partial liquid ventilation ; *p<0.05 versus basal ; p<0.05

versus gas ventilation)

sl viwmElE T zh 7] ¥ e signed Wilcoxon
rank sum test2 A3t A= SPSS 9.0 F
Azzagoz Agsen pgrel 0.05 vl 73
5 BAA fre)del e Aoz M43t

<

1. 2 SAHlollA Pa0.2| Ha

GV A 7]A4dAM PaO,= 504+81 mmHg% o
o oAl 9AE Ae U 2v] s AelF Kol
2] gskch(Table 2). PLV Al 7|AAA A9
PaO.= 312+113 mmHgow Hu|&r] A
I RR @lelA = 715434 A ¢} vlmsle] Pa0,
o] ou Qe Alole VAEZA ¥t vE 1
PEEP2ZA¢} 3L V, Aol = PaO.7t &2t 452
+38 mmHg2} 461 +53 mmHg 2 PLV 2] 7|24
A ARG fold Aol JAEUTH(Pp<0.05).

7144 2A, Hu|gr] G4, RR DAA %
z} GVl 8]8l PLVA] PaO.7F f-2l3tAl @tk (p
<0.05)(Fig. 1).

2. Zt gAollM PaCO.2| Hs}

GV 2] 714 PaCO,= 41+1 mmHgZ %u|37]
@AY 3L PEEP ©@AlelA= & ¥sizt glglont, i
Ve @4, & RREAIOIAE 2844 mmHg, 28+5
mmHg 2 2]v] A 723519 cHp<0.05) (Table 2)
(Fig. 2). PLVdllMe 2e 732 1o 71443
oAle] PaCO. 60+ 14 mmHgollA 3 Vo, ©Alo)A
£t 31+4 mmHgZ, 3 RR 9AYAE 4316
mmHg2 ojn] A Zastdc( 2zt p<0.001).
GVel PLVY zle]l& BE, PLVTe| GVE K
Ayg oz PaCO.7t Eteu, 714 w42} high
RR gAlelA g BASE o2 2|n] 2= 2jo]E K
(A2t p<0.001).
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Fig. 2. Changes in PaCO. with Varying the Ventilator Settings during GV and PLV
(GV, gas ventilation ; PLV, partial liquid ventilation ; *p<0.05 versus basal, p<0.05 ver-

sus gas ventilation)

3. GVE= PLVZolM2| o8t xfo|

GVZ3 PLVE 2544 1 PEEP @Al¢} L Vq

A A Pplat7t 714473 2] 2)0] A 5819
tH(p<0.05)(Table 3). PLV2] 71443 A9
A9 Pu= 140+1.1 ecmH, 002 GV 7|HAA ©t
Al2] 10.6+1.6 cmH,0 Bt} oJu] Q= zlo|& HY
o9 (p<0.05), I RR 94 = PLVA] P,u.c°]
14.9+1.7 cmH 022 GV2] 8.8+0.8 cmH,0 Xt}
PuZb 94 Al =%oH(p<0.001). C.= GVe}
PLVZt 5% W] g4z 9ju] gl zlo)e ¢l
At GV} PLV Alole] f2ld zle)= 7]-44 o
Aol Azt @2 4= AU (p<0.001).

4. GVE3 PLVZoi|M2] EstX Xo|
HR2 7 7 il @Al 254 o] Qe Aol &

AAY = Il (Table 3). MAP:= PLV A
GVZNA B} ot =8 A HYgor}l A Ho

2 o7 A= Ael= fiitH(Table 3).

I &

2 A7e] Fag Anzs 72 A4 o =X
PLV 4] #4H3t PEEP ¥+ Vo] 3& =ojo} GV
Ao} AR Atasle} 3]0 S 71HE = A
= Relth

E dyel s oA @A 2 relA 748718 A
g3l A e 71AEE Hlded, F A
A= 7hamge) lolA [E v]e] gL pakE)r)
flsiA [IERE ZAT GAUR, AHA A=
['Edl& ZAASAY PEEP & 371818 =% 4bas)
o] A3k Bol mAl= HA7|=Ye] F71E F e
B2, 7k=ude] QlojA Hiv|zete] d8e w4 st
3 PEEP9] 938 Hmsly] s ¢lsia Hiz|e
g =4 A BdE fAske A=xt PEEP
& AeAAE SR WA} oA W A=
Vol 98 B dAloldlon, vix|at dAl= vl



— C.H. An,etal —

Table 3. Parameters of Respiratory Mechanics and Hemodynamics at Gas Ventilation versus

Partial Liquid Ventilation

Gas ventilation

Partial liquid ventilation

Phase ‘———-————-—C-—-‘—'—-———'—’ C
P ! MAP Py ! HR MAP
I {roL/emH:0/ , : (ml./emH:0/ _
(cmH0) (beat/min}) (mmHg)  (cmH0) {beat/min) (mmHg)
kg) kg)

1. Basal 106+16 13105 24020 76120 1404117 08%0.2 240448 9625
11. Inverse ['E

Rati 116%15 1.1+03 25120 73120 129415 0.9+02 262+33 91120

atio

1. High PEEP 158+2.1%  1.0+02 250 £35 76422 166+19*  1.0+02 262 +37 92+25
V. High V¢ 159+12% 1301 252132 T5+23 173+1.3* 12102 957+45  88+29
V. HighRR 88+08 1.7+£03 271125 TT+24 149+17 0.8+02 268 +23 95i27#

Data are shown as mean = SD.

P, plateau pressure ; Cy, static compliance ; HR, heart rate ; MAP, mean arterial pressure ;
1 : E ratio, inspiration . expiration ratio ;. PEEP, peak end-expiratory pressure , V1, tidal volume |

RR, respiration rate

A el BREYY oyt MV e F7i o7
AQlx] ohjm V. Z7ld] o3 RAAAE AFP]
) 9 MVE F= A4 RRE 7RI 94
%ok,

22717 PLVA] LLEB|e] &8l taiAle =&l
gy, B A7dA AMgd Axe] we PEEPA
= g7 24 29 J)A @& WA [E W&
z7171" Pa0y7} Badchs Bt e whal
038 ['E u]& Z7M71% Pa0.st 7kt B
2% Qi A4 HE A B AFddlME PLV
A LENE 2771 A& Pa0.dl v g W3
2 7Y FA4 3

ALI %2 24 PLV A PEEPo| 41439
shado] 7] @R e Bol el Apdorpe
A old ATEe W¥e &4 HAMe
PEEP A} 7} Abadlel] 3429 43 7] dd
PEEPo] PLV7lAnge) vlxs dgihe s
J7b 47 gy zed A4 Heixe]l PLVA
PEEP9] H38 B Q7= Bx ¥’’’ Hernan
=2 oA PEEPS 6cmH 0014 14cmH07H]
ZANALE Pa0,9] e BAEA AT Bl

*p<0.05 versus basal, < 0.05 versus gas ventilation

S9TH. FerreyraSe 71= ¢dA8 S 2A= 4
A Fol] A 10 emH 0 0]73¢] PEEPo] 2jofo} 7k A
o] A8 o)Fold 4 Anha ALt o A7
M Ftamee 2AsEA] FAATH?. B ATIA
= PEEP< 4 cmH 004 #¥ 8 cmH.0 22 T
ANAS W Azstel du e 7L BES
Hernanse) d7els ti=t} oA Aol Hernan
°] ] PEEP< 6 cmH.02 £ 479 4 cmHLOR
o} =9rd o] b2, Hernan 59 A7% FO=
1002 A3 do] el & APE 0758 AR
g4 ¢ 7FsAol Atk A PEEPIIME &7
T agz g AYA JE Audrt Bed old
H ko) = 84t (diffusion) ol I8 7ham o] o] Fof
A 7psAdo)l B7] Wi, ol HYHelA dashe
FolAba pro] 9Ee wol W Alo|7] wEelth
PLV A PEEP 9] 4taste] 7lofd] disiAe 2 7
7Hsg 71"e) drt. A, PLV A} PEEP2 PFC
7l Q7122 ol FEe] ot = A% F71 AlF Al
WAk grE “gpike” & Folre 9EE #FLY
%7] Ad)E PFCO di7leze] ol%g& HHolEw
ujg}A] PEEP ) 28] PFC7L th71 =29 o] Fo] #of



— Evaluation of parameters of gas exchange during partial —

A3l PFCe £¥7} #53 51 W% #55H)
%o} bubble oxygenationo] & o] Xisle] it
°] & F Sl& Zojt}. 4, PEEP L #3150l )
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Ao BN Al FAHH 98 ¥ 4 Ue A
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< T A& F°]3 o|& PEEPo] FolZoam Ats
3o ] 7190E 7RSS AR 7)o sl A
= A7/ € uivt glok. o} PLVA] 243 PEEP
o] o= F=AAE HYo] <k Aejelm, Lower
inflection point(¢}3} LIPE <Fh)d Z3l=
PEEPo] €g3lths 4% 9a'° 10 emH0 A%
o] PEEPolY ZEsithe A% Qui4s paco,
% 714447 vis] 1 PEEPFollA 7Asts Ag
& Hol7l ot fo)3t alo)= AR g}

B A7e Veol 3718 Atastel 34 98
& Fohe A& A FPSHTS B o) 1
Vool o8 abasle] ke MV ol Zvid) 93t Ao)
ot A Vg FHA ZFFE SEW A4
o] e VAR G5k Yot n Vg A
" 2 7543 (driving pressure) 2 PEEPS] &
e} vl 2 F2 F8e W 59 (dependent)
Fel AH 2 4AE Y7 A 7AE Ho
YoFo 2N Aazle] G4L JMHL 4 UG Ao
o7 gy el VILIY Ade Azerw
PLVA] Abasle] 4g siM Vo8 28 ye
HAE&GE 7121 5 omg AEE sjof & A
o2 Az,

PLV A7} GV A|BG 7)A4AA Pplats o
FUIL Cste U] Wit} o) e d7Egs gy
2 A ZAEelA AlRlE ATFolr] Wi PLV
Al PFC7} #loll Al domy Fo] femrt 938
A3 wolgla Az

B A7) Adde ¢4 4 dAle] A7) 2]
2 o]Foix|A] ofokche |l Utk ZAIEY) ¥R 1

Mol o’ PP oz 7)Ferl FFE 9] njdo)
™, ofd 54 dAo] dd &4 FA A Jds
A3} 24 g il f1g Aol ) B
A T2EF A7) 2949} 3TAE= MIPY) o
e wiAIE] e BUE MIPE 237 5o 99
7] 2 2t A FAYE sp)v) Yedon,
2 T84 HE §des AXBEIYS o Bod &
AL dAE A ggtomz B A AlaE 9
71 AR Aol 48 FUL 7P e Ao
Bzl FA 2 ANPslx] e Ao] B A7 Ay
o 9L FAUE FeAe Hoh & S AL
o3 A2EE Hied FY3le] oW PEEPo| 2gd
29| PEEPQIA], ol| V0] 718 222 52 #
#H] Ralrhe Holtt.

2oz, A4 Ao PLVA A9 slrmg
& 9iA= 4488 PEEPH Vio] 203y gog
PLVA] A% PEEP 3} V5 g A7} x4
oz Pasivin Yzdr},

R o o

2 %

B &

F-EHH #7] (partial liquid ventilation ; PLV) A
A2 7148719 Ao M E o}F =] B
efolth. olell F4 #le] PLV Al shxammsle] Ha
& 2= QREg BANo N, PLV A Ao 7]
AR 43& B]shs tlo o]&sluxl B dFs
Alg) e et

A

New Zealand 4t W4 7] 7nlalE 71418718 A
ot AR ok 24 Ploz dzEY
{(Vr) 8 mL/kg, PEEP 4 cmH.0, F71HZ (T
E ratio) 1:2, FS44EE(FO,) 0.752 8431y
i, 3F5(RR)+= PaCO.7} 35~45 mmHg Al
o FAEREE ZEsRT). o]F 308nit 7)A 8]
719] 4%& protocolell mWe} WAIFIAA 7125
(gas ventilation ; GV)& Alglsid=dl ; (1) 714
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AR 9, (2) 981387 (inverse 1:E ratio) ©AZ
['E ratio 211, (3) i PEEP WA 29It 2&
BFE7IG(MIP) & A8k B=9 PEEP 371
(4) o Vo 9AR V4 15 mL/kg, (5) ZRR AR
45A9} Z& ‘ﬂﬂi’ﬂla(MV)% A AER
RR& Z7M#th. 2L & perfluorodecalin 18 mL/
kg Y & A7) protocold} FUEHA PLVE 31
o} Zzel|A FHEriagAle} HEt g dHEHy
A HEE ZGs
2 o
(1) GV A] Pa0.= tisl WS AXe 5 9v] &
+ ¥3lE wolA] gttt PaCO,= 3L VTAI} 3L
RR @AM o) A AT (p<0.05). GV
Al Hgst 2 deta Axge] on] Sl Mshk= Mol
2] ekskrt. (2) PLV 9] 7|14 PaO,e& 312+113
mmHgZ GV 504 +81 mmHgoll ®l&] 2= 9l
A 2k (p=0.001). PLV Al 98987 @AY 2
RR wldiME 714474 A9 vl Pa0,9]
oju] gl zlo)7} #AEA ko), 1 PEEP ©HA|
(452 +38 mmHg) ¢ T V(461 +53 mmHg)
A= ALY QAR foldt o] wEEA
t}. (3) PaCO,= GVT¥ PLVT BEFA 3L Vo
A9t = RR @AlelA 71484 dA R ou] 9l
A okt PLVEY 7|AMA D¢t 51 RR A
o] PaCO,= GV FHo 9] A 7kt (p<
0.05). (4) PLV A] #9g 9 A3 252 o]
e W3k Holx] ggkrh.
A E:
A4 FellA PLV A #3 9] 72ugkg 9lsiAe 3
A3} PEEP 3 Vo] 588 7o Alg®c)

# 3 2 o
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