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Effects of Inversed Ratio Ventilation (IRV) on Intracranial Pressure (ICP)
in Dogs with Pulmonary Edema

Takeshi YASUKAWA

Although correlation between variations in the inspiratory to expiratory ratio (I : E ratio) and
intracranial pressure (ICP) has not been clarified, the study of Mihira showed that IRV (atI: E
ratiosof 1.7 : 1,2.3 : 1,and 4 : 1) does not influence ICP in dogs with normal or elevated ICP. In
order to estimate the influence of lowered lung compliance on ICP during IRV, an additional study
was designed to observe the effects of the I { E ratio =1:2 to 4 : 1 on ICP in 10 dogs with
pulmonary edema induced by Oleic acid. Following baseline measurement of control ventilation (I
:E ratio =1 : 2), lung edema was induced by venous injection of Oleic acid (0.05 mL/kg).

After verifying the reduction of lung compliance, four different I : E ratios were applied in the
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orderof I:E=1:2,17:1,23:1,and 4 : 1. Throughout the period of these measurements,

PaCO; constantly maintained normocapnia and arterial blood pressure was kept within normal

range.

Intracranial hemodynamics (ICP, cerebral perfusion pressure), lung mechanics (mean airway

pressure (mAWP), peak inspiratory pressure (PIP), lung compliance), systemic hemodynamics

(mean arterial pressure, mean pulmonary artery pressure, central venous pressure, cardiac output),

and blood gases were measured at 30 min under every I : E ratio ventilatory mode.

In these dogs with pulmonary edema, mAWP significantly increased during IRV in comparison

with that during control ventilation (p<0.05), but there was no significant difference in PIP
between control ventilation and IRV. ICP remained unchanged during IRV (12.5+4.2, 10.0= 2.9,
11.1%+2.2,11.3+2.7atl t E=1:2,1.7:1,2.3: 1and 4 : 1, respectively) .

This study suggested that IRV (at I: E ratios of 1.7 :1, 2.3: 1, and 4 : 1), which can

minimize ventilator-induced lung injury, has no influence on ICP. Therefore, IRV may be one

beneficial option as ventilation strategy for acute respiratory distress syndrome with intracranial
hypertension. (Accepted on October 15, 2002) Kawasaki Igakkaishi 28(4) . 269278, 2002
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AR AE SIS, 51, BFEBVWRENE
IO BRIRIC X HHiFEE 2 H 259 2 LAY
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WO T, MERIRBRIEAEE X3 ICP OEA4L
LEDEVERE L. 4H, bhbhidmE
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B 1 ~2% 0ty THEFEL, yro=y
20.1 mg/kg DERBE G TAEMLL, BESLIE,
DA, T2 B8 LIS % REHEE % i
L 72. A L W & Servo Ventilator 900 B
(SIEMENS-ELEMA, Solna, Sweden) T FO, =
1.0, —H#%E220+20 mL, PO E #3200
/B X HIERE L. RERENE (peak
inspiratory pressure, PIP), FX&REWNE (mean
airway pressure, mAWP) |%, CP-100 Pulmona-
ry Monitor (Bicore, Irvine, CA, USA) Till &
FORL7z. EXKBEIRICH 7 —F V2 gE L
¥) 8 Ik 'E 1 % (mean arterial pressure, MAP)
BLUOHRMLRMIZH N, A7 F Y
s 7 — 7 v (BALLOON THERMODILUTION
CATHETER, Arrow
USA) ZERBERA SMBRKICEEL, O
& (cardiac output, CO), F¥fili Bk £
(mean pulmonary arterial pressure, MPAP), -4
B ENIRBLAJIE (mean pulmonary artery wedge,
MPAW), HLLEHIRIE (central venous pressure,
CVP) DllsE & R ABIRM ORI IZH 72, L
% (heart rate, HR) (Z.00BaH &2 H W THIE
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IZRCEk L7z, SO DEIGMERI%ET RO
SzX¥oge LCHlE LA COLHtES
(HEMOPRO 1 SP 1445 ; SPECTRAMED, WI,
USA) ZHWTEHARETHE L2, Bk
(a) B L ORAFIRIL (v OBESE (PO,),
RBRA A 3IE (PCOy), EEFFAE (SOy),
pH (Z MK 7 A M % & (1304 pH/Blood Gas
Analyzer ; Instrumentation  Laboratory, Milan,
Italy) TR & L, ~NE o v vigE
(hemoglobin concentration, Hb) (3 IL 482 TMCO
-Oximeter (Instrumentation Laboratory, Milan,
Italy) THIE L7z, WEUREET X iR 3R A
A € = ¥ — (Capnomac Ultima ; Datex, Helsin-
ki, Finland) % B\ CHRBRIICHIE L7, B
&H (0, content, COy), MY %> M (Qs/
Q) Wiiary 7547 v 23U TFToOXTR

International, Inc., PA,

D7z,

CO,=1.34 X NEZ TV v BEF x B auffg
+0.0031 x PO,

Qs/Qt = (CE0,— Ca0y) / (Cé0,— CYVOy)
X 100

7272 L CcO, = M BN A AR 5 &

CaO,=BhiR MAR % & &,

CvO, = {R& IR I AR 35 & B

Cdyn = —[#fA & (PIP — 5 KE) %
w7z,

ICP W IZHEO =0 L RO HETIT-
7218, RIS T, BEERA R X E
frRE S E (SN-1 ; NARISIGE, H i) Z[E
L7, MBEELHZEL LERHFY IV (TR-2;
£ & 8AEFT, ®E) T Burrhole (%3 mm)
b, BCHIREER T —T VO%H%
EFRERE 2 510 mm AL, 0 HSF BB & &
A 5 BM10 mm, FHITFRE & mASEE
ZAESTFHE E25mm 1I2H B BB ENICHEE L
72208 BRI OB T H T — 7V SRk AN
BN HD L 2HR L. ICPIE, AF—7F
VE NG VAFa2—H— (TP-400T ; HA ¥
w, W) ICERLAAFEZEamicey,
EAE X FEHEZWNIE TR L7, Burrhole 12
BHY XY NCHE L. BIEERE (cerebral
perfusion pressure, CPP) 2R DX TR 7.
CPP = MAP - ICP mmHg.
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BREBEDGRE LR E» O ERE G L.
I:EH1:2 (BtER) O NTIFEROH%E T8
BZHHZMELZ0O®%, *+ L4 ~E0.05mL/
kg #3003 PNTCARAT v H VI HF—F Lorh
LR 2> $¢ 5- L3053 1%, PaO2METF L7-C
EERMERLZ. BHE, 1E21: 2%
E, XTI E#1.7:1, 23:1, 4:1&L
THEZIT-o /2. 4TEED 1. E THIER, &
BRICIDE%Z1 2R L CHEEHB BRI OE
WCRAHZEZERL. ETOREMBIZIE
BHEBZIOGTHEBL THSHEEL .

R + BEREA TR L. HEtEnE
EZI, Anova t test T, P<0.05% %it#ma
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1. WS NIFHFTR (Table 1, Fig. 1)

PIPi3+ LA VEEHEHICEBRICLEAL
ZFO®%IZETHI:ETELET, bk
ArHEHHEL, 1201 EXRLAEBLET%Z
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mAWP (3 W5 R O IE FIZHE
1, 4 : 1), 1

E=1:20BELTEEICEALE

<0.05). fhiza > 7
WZhE - 72,
2. HAZKHEE (Table 1)

/Qt O LAPEDLNT.

74 7 ¥ X (Cdyn) i
FUA VEBIKGTELIETLL.

FUA VEAEEC L DA PaOMET & Qs
PaCO 3 fli A B 1%
I;E1:2O0BICHELA1ORICARLC
BTL, #0%1:2ICETEERALZ.
RO PVO I3 4 L 4 VB 513 CO DT IS
—HLTENEFNEEIZKT L.

SvO,

PvCO, 3 &

Table 1. Airway pressure, blood gas analysis and hemoglobin (Hb) during mechanical ventilation with IRV in dogs
I:E ratio Nfl::"al Stiff Lung
' ng 1:2 1.7:1 2.311 4:1 1:2
1:2
PP 1122 1523% 15+3% 1423% 14£3% 18247
(cm H20) = + + + +
mAWP
3.110.3 4.1+1.0 * #* #* #*
(cmHz0) 8.0+1.77 7.4¢13% 862167 5.0:1.6
pH 7.36£0.06 | 7.30+0.05 7.32+0.05 7.31+0.05 7.31x0.1 7.3+0.1
PaCO2 N
(mmHg) 40+2 . 4243 4013 413 39+3 42+3
Pa02 571#38 | 4042111% 205:152% 268+137% 270:135%  266+147"
(mmHg) - - -
SvO2(%) 90£7 | gsa7¥ 8187 82487 78+11%  sox10¥
PvO2
# # # # #
(mmHg) 80+24 66+13 58+12 6114 57+14 59+16
P
vC02 48+5 5016 457 45+8 477 48+10
(mmHg)
Hb (g/dl) 1442 1543 1643 16+3 16+£3 1643
Cdyn(mL/ # # # # #
cmH20) 16+4 1142 112 112 112 10+£3
Q/Qt (%) 9342 | 16.6:4.0% 202:67% 22.9042% 193:6.0% 216:6.47

peak Paw = peak airway pressure ; mean Paw = mean airway pressure ; PaCO, = arterial PCO ; ; PaO, = arterial PO ; ; SVO,

= mixed venous oxygen saturation ; PvO, = mixed venous PO , ; PvCO, = mixed venous PCO ; ; Qs/Qt

shunt ; Cdyn = Dynamic Respiratory compliance.
Values are means * SD.

# vs Normal Lung, p<0.05

* vs Pulmonary edema model 1 : 2, p<0.05

intrapulmonary
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I:E 1:2
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(cmH20) 0 AN
| ‘mean
EEG T
200 :
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Fig. 1. Polygraph recording of airway pressure (Paw), intracranial pressure (ICP), arterial pressure (AP), pulmonary artery
pressure (PAP), and central venous pressure (CVP),atI:E =1:2
Pulmonary edema model 1 : 2 and Pulmonary edema model 2.3 : 1

ICP waves are synchronous with respiratory cycles.

OERRIM Hb 134 L 4 VB 5, 1:EROEL
DWTNOEBLZ T ol
3. TAERERE (Table 2, Fig. 1)
FTULA VBESGIZEDCODEFELWKT L
MPAP @ L H 8o 6 72 2% (p<0.05),
MAP, HR R U CVP W Fh A ZOEL %

RS Moz,
4. ICP 3 X U° CPP (Table 2, Fig. 1)

ICPi%, LA YBESIZED10.0£3.2%
512.5 4.2 cmH,O ICHF ZIZ LA L 72 (p
<0.05) %, I'EMHZL7:1ICHEET S L
10.0£2.9cmH 0 ICHBEICK T LZOHORK
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Table 2. Intracranial pressure (ICP), cerebral perfusion pressure (CPP) and systemic hemodynamic variables during
mechanical ventilation with a constant inspiratory flow pattern in dogs with increased ICP.
\:E ratio NLo rnmal Stiff Lung
' ung 1:2 1.7:1 2.3:1 41 1:2
1:2
o 10.0£3.2 | 12.5¢42% 10,0229  11.1222% 113227% 1231007
(CmHZO) . PO = = LY <h [ =~ < e == <) . .
CPP # * * # #
(mmHg) 90+14 87+10 91+12 91+9 94+13 87+14
MAP
94+12 95+9 97+11 10113 101£13 95+14
(mmHg)
HR (b.p.m.) 12416 12815 13117 134116 13715 134217
MPAP
# # # # #
(mmHg) 1243 153 164 164 | 183 1624
CVP - 2+1 342 342 2+1 342 3+1
(mmHg
CO (Umin) 23207 | 14204% 14:04% 14204% (3204% 122057

MAP = mean arterial pressure ; HR = heart rate ; b. p. m. = beats per minute ; MPAP = mean pulmonary artery pressure ;

CVP = central venous pressure ; CO = cardiac output
Values are means = SD.
# vs Normal Lung, p<0.05

AEBOERTICP 3ABOELE RS & h
o7z BiKBEREOIER23:1 0L X,
ICP 5Bl ZAKBEVERCRTICHEREBIZ LA L7212 )
b b3, CPPIZAEORLEZRS 2ho
7. AV A VEESICXY) CPPIIAEICKT
L7225, ZOH%IRV CREICEALIIER]
T2 TAHEBEIET L.
Z =
AE DFFRIZ T BT - Z ORIz,
& TTERMKEE TV EER LI 7
FAT7 Y ADOET LZMiICBIT 5 IRV OfESR
BREL ICPICRIZTTHEEBIZE L. BRI
=IEOMZE L FRRICEEOANTIFRIZHNGR
HI:E=1:2161.E®#1.7:1, 2.3:1, 4:
1E WA Z2EELTH, ICP OELIZED
Lhol. #oT, TOMETIZIRV PEE

* vs Pulmonary edema model 1 : 2, p<0.05

PNIEIRE % $F o 721 A 2 3 O IR S B
D—DLHRNHIBILERELT.

1967 4 acute respiratory distress syndrome
(ARDS) @ {& ## |Z PEEP 258 A & h?Y, Dtk
PEEP JKBREMAE DU EL b 726 THRA L
LTILLBRICHwObRTE 2, L2 L, 1980
ERICITVEEREV-ERRE L HVREN
FETHi 2 559 % L MIBRISER T 5 HER
Mg ORiKIES, BMIMLEOBEES O D
ke E % L3 EERRAER L ventilator in-
duced lung injury DEE&ZAFEN L7222, Z O
BEE % & 2#A %L LT, Hikling %% &
ARDS O A TR 5 Bk g & L C BRI 2 5%
L, h&w—mE#HfELAE (Gmlkg) &K\ PIP
(< 30 cm H 20) T SIMV (synchronized inter-
mittent mandatory ventilation) % Fi\»72 N LK
BHET, REEIFRICBA L L elmd
L7z, 51X 2 DA P % permissive  hyper-
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capnia L #i L, MEAEVA T/ TEKERY A 1L
FEE KL THHMIEL, PaCO,id 162 mmHg
THE129 mmHg ¥ TLEA L7228 41 4 &5
ExRBOLhol. LBEIDLH)ITENWPIPT
— [\ ¥ & &= % PR 3 % # 5L, lung protective
ventilation (LPV) 2SHBZ 5N 5 X )% -7z,

L2L, COWMRELIZ, TUENELKL
MeHE3 5 LPV Tik PaCO,» FRIZ X IFA T L
A2 i A R E, BN UERE
EROBZFOMREL LTIREL VWL LIRS
Az, £2T, [RENEZEMERL, Ly
bIRBRAEDBEWICHFETESLIRVIICA
SOBEIZELIZLPV L EZ 5.

COFBENEXEL HERT 5 IRV OREN
B, OIAHE, MIck 2882 £83 5.

1) MENEDE

ICP OFESFWEIIIMENTE, AEEOTE Y
ST IR E) K OB EE) T 5 O TRIREL
2= L7k & R OHAB I —B L 72/
SR ERLERE 5. ICP WA
W ER USRI ERETOMICES.

PEEP TSR KEVFRBIEL 2 BHDT
ICP IR AT TCOEICE S THREEL RT.
L2 B iE PEEP IZ X D BT 5 Y. $Eo
T, HEWNERED D % EE TIE PEEP OFEIG
RS SNLITHSH. BWERTIZ PEEP (Z
IDICPIZERT AN LipLids,
&R Tld PEEP @ ICP ~OREBIIHME TR L,
LRI IZMEOSVEL ZOHBRINEVETS
WENH 5%, ZoEiE, B, EENRRE,
filige B D% Z D (355 4 O K F 55 PEEP 0 ICP
NOHBEBHTAZLICEBEEIZORTY
633).

MRIEMREIC & 5 KERNED LA IEWENIE %
ERSEHOBRES AT S, ZoKEES
WK EA ML ICP 3 EH L CPP 3K T ¥
5. —%, WERNED LR IZOHBEDKT,
MEDKET%2D725L, CPPIE—BIKT 353,
Z O CPP DT 1 S5 e ik il % P 12 & % B
ENmMEEHEMEDL S5, ICPRERT .
F 7 RRENIE O A X HE O SEHEARERIR #F O BE

Mz &7 LINE B % FHEE» AN LR

) ICP 25 L H$ %%,

IRV Tt CREBRATHMOMTE L X
T PIP MEL HEF XN B DT, WENED ICP
NDOFEPNEL 125,

L Lads, —FRY A4 7 Vo TSR
BlCH L CHERARRM A8 < % 5 IRV TlE, Lk
A L7ZICP TS AL E R AR E
fig S, ICP AMRAHT OB IR % il R A5
0, ICPAREEMIZERATLZ LR SN
5., LA LEEOMETIIBARFHMIEL 25
EZFENICHBIL TICP O TR D FEMEIN
DTICPNODEBEZED L rolz. TOINR
B ORI R Z E THRFICELT
S EOMETIIRETTE b o7z,

—%, MRRIZFHEEDR O 5K 50E
WCHEDO D D RBOLAIITREEIET T 5
DT, WRAFEEIIIFE ENBFNIROPER LS
A LIFREBICICPO TRHRAEEINS &
IRV CTICP S LRSI ENEZLNED, %
EEOHEIT .

IRV (2 X 2B FEILiEOWE I FHEENTED
FRPEELTWAWTO 32, KERE
WCHENAL, MRRE»EL %5 Ehileo
air trapping A2 Z 1) ’ER O #%b 0 2B AE 23
0222 53 BE%7/RT auto-PEEP 28547
5%, Z @ auto-PEEP 2% ifi B2 o i Bi 12 L
PEEP L Ui % & 7- LEER LEEOSRER D
5L TWwaY, 20 XHICIRV IZKEFEM
ENLEZDZOTICHEDLLT, SHEOMa
YTIGAT VAODEKTFLAZETFT N (BikiE) T
IRV IZE AEKEBRIEOXEIZR SN h
o72%%, ZOBRKIIMABEORENEETH
722 &R IRV TIEFEILEEONEICHK L E
FTHLWZ L bhEZOND. IRV IIEEHILAE
DYFIIDP ) TL, MBEROUEBEL L-H
L, PaCOAKTFTALITLITBI S NS, AW
THI:EH4:1TPaCOIIEEIZIKTL, 1
222 9L, ERHLA TOIRVAEDLL
3 PaCO, DK T IXER T LT LI KL
HRIEBON TRV, BREABHZEL TS L
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REBROKEV, TLbbEo AL WAilIZ
ERL, BoARTVIIRICIZMERAL 2D
TW, FiliErE SR, Vo/VT 3R T 5.

2) DHMEDRE

LHABREEIRSAENEOREZ ST, 1!
E R W ZENEDEE L Z T 20w DT,
IRV L #@HEDIE 1:2® PEEP & DLETIZ,
EFENEDF LR SIHRSEBICHEENE
ILIZEDSNT VWY, L7255 T, IRV IZ
L HATEREIEE DAL AT CPP 2B 2 134
BTWEEZ D, COEBTIIMAPIZELL &
ol TCPPILICP ODEILIZ—FK L 7-EE
ZRL7z. Lo UMiKEESRZED IE H2.3 1
D H ICP A3l AR BEVE AT I REFEIC AL
bS5 F, CPPIRAEDOEILE RS
Thol:, ZORRIIIEK23:10E X(Z
MAP 75 F 5§ 2 {045 CPP DFIEIZHE L /-
bDOLEZL., LM LZORFIZAHTH .
3) i (BEfD) o

AN DUPEME THEER % 30° head-up A7 129 5
& 12mmHg ¥ T PEEP T EHME IZEKT
LCPPIZIE T4 575 ICPICHBIIRONE
l/\4°).

Z 1L Starling resister effects (2 X 5. Tb
L, B OBoOMNEL Y DELTHILIZE
D, FERAIMEET 2 2 L REHOEIREED
HEEZ EVPRENED LRI AEEFED L
AVHEBRANEMSINDZEZ I BHTEEZD
NTwa. Toung 5%, KT, HEILOMEZ
DO E LR UEETPEEP 2715 & Z0
JEICHBI L CHEBIRES LA L, LEBOME X
D HNEEDE X %25cm & { L7 head-up K
2§ % & PEEP EICHHBI L TEBEIZ LA T
A%, SEERERE LW EERLE. F
HOWFETHHEHIBIZOIROME L D H15cm
BEWiBIZHBHDT, IRV TICPHZELL 2h o

X

(528% %475 2002)

7oK & L CTHIBOMNENEZ ONEA, 0
KA T10cm H,O @ PEEP |2 L 1), ICP 73R
W ERATAHZEE2MRLI-DOT, ZOWETD
AL ICPICEB L 2 nWEEZ 5.

COMEIZBVTHHiay 7547 v ADK
TLAEFV (MiKHE 28155 IRV Tit
ICP Iz EHEF, ZhidClake®®, IRV IZH
T 5 mAWP O & ICP L XA v & v
IFHE L —H LT o TZOWETIZ,
Miar 7947 AOKT LA (ikiE) EE
WHEITLHEBZ I T 2 ALIFREEE LTo
IRV OFEIL O] GetE % R_mg L 7=,

&

IRV 73 ICP, TEIRE)EE, KENESB X UHiEE
FEICRIZT 2 L%, BEHVORTWD A
THEOIE =1: 2 B LKE L. IRV
TRIAVTIA TV AOKT L7 (fikiE)
THFHXENEIE LA T 2P REFENE T L
AETHRBENOERD Lol o T
i B IR R R ASBE E X L9 IRV TUX ICP D
BlIRoonkroi:.

IRV 3HENRELZ AT M 77347~
ADET LB AEBREOMWREL LTHER
LREREO—DERNDIBEEZS.

# B

RERZDIIHID, THRELIRKBEE2BLVEL
7 R R K2R B - S P iR IR R P 3 S T A B AR 3%
WREL2#HEBE»RLET. ZLCEECHIEE
L-ERHEEY Yy -OKABBLEL I CORY
F—DFA2IZEHNZLET. B, KHXOERIL
4610 A ARREES S (199945 B, ALBD) ISTHEL
FL7-.
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