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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 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 (1
“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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order of 1:E =1:9217:1,23:1,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+22,11.3+2.7atl : 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) 269 =278, 2002
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1. ¥R JIFMET R (Table 1, Fig. 1)
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Ao 7. mAWP Z IR R ORI HE
o T DB Sl A es il & L) LR
E=1:20RtELTHREICLEALZ (@
<0.05). ia >y 7354 7 v A (Cdyn) I
FUA VRS TEHELIKT L.

2. W AZKYRE (Table 1)

LA Y BBEC L DA PaOET & Qs
/Qt D LR DED Sz, PaCO i ANEHE D
I;EN1:20RICHEL 41 ORRIZARI
BFL, 20#%1:210ETE LR L. SVO,
KU PVORId + L A ¥ ¥R 51413 CO DK T I
—H L CENREREFIMLT L7z, PvCO.3B &

Table 1. Airway pressure, blood gas analysis and hemoglobin (Hb) during mechanical ventilation with IRV in dogs

|:E ratio Nﬁ::‘ y Stiff Lung

' 1_29 1:2 1.7:1 2.3:1 4:1 1:2
PIP # # # # #
(cmH20) 112 15£3 15£3 1443 1413 184
mAWP . o o .
e 3103 | 4.1x1.0 gox1.7%¥ 7.4213% 8ex1.6¥ 5.0+1.6%
pH 7.36£0.06 | 7.30+0.05 7.32+0.05 7.31#0.05 7.31:0.1  7.3%0.1
P .

(rs:‘g;) 4022 | 4213 403 4113 3943 4243
Pa0O2 # # # # #
(mmHg) 571£38 | 404x1117 295+152% 268+1377 270+135 266+147
Sv02(%) 907 gsx7# 31:8% 82+8% 78+11%  gox10*
PvO2

rHG) 80+24 66+13%  ssx12f  g1x14*  57614%  s9r16*
P

(r;/?nglf;) 48+5 506 45+7 458 477 48+10
Hb (g/dl) 1442 1543 16£3 16£3 163 163
Cdyn(mL/

cm{-lz(O) 164 1122% 11£2%# 1 120%# 11£2% 10£3%
Qo0 (%) 93242 | 16.624.0% 20267 22.9:42% 1931607 21.6:6.4%

peak Paw = peak airway pressure ; mean Paw = mean airway pressure ; PaCO; = arterial PCO , ; PaO; = arterial PO 5 ; SvO,
= mixed venous oxygen saturation ; PvO, = mixed venous PO , ; PvCO, = mixed venous PCO ; ; Qs/Qt = intrapulmonary

shunt ; Cdyn = Dynamic Respiratory compliance.
Values are means + SD.
 vs Normal Lung, p<0.05

* ys Pulmonary edema model 1 : 2, p<0.05
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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),atl 1 E =1:2
Pulmonary edema model 1 : 2 and Pulmonary edema model 2.3 : 1
ICP waves are synchronous with respiratory cycles.

BRI Hb 13+ L 4 VB S, 1:E ozl
DWTNOEBEL ZT oz,

3. PRBREYRE

(Table 2, Fig. 1)

LA VEBEGIZLE) CODFELWET &
MPAP ®» E H 2538 &5 L 72 2% (p<0.05),
MAP, HR L I CVP 3V h b BHBEDOLEIL %

RS0 7.

4. ICP 3 X U CPP (Table 2, Fig. 1)
ICP %, &V A VEEHZSIZXD10.0+3.22

512.5 £4.2 cmH ;0 |2
I.ElX%1.7:

<0.05) 7%,

10.0+£2.9cmH 0 IZH EIC

S ER LA (@
1ICIERET S L
BKTFLZFOBOE
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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.
I:E ratio Nlj::al Stiff Lung
= 9 1:2 1.7:1 2.3:1 4:1 1:2
1:2
il 10.0£3.2 | 12.5:4.2% 10.0:29" 11.1222% 113227% 1232207
(CmHzO) . eat T - S —re e . . - —e » . e »
CPP * *
1 # # #
(mmHg) 90x14 87+10 91+12 91+9 94+13 87+14
AP
M 94+12 9549 97+11 10113 101+13 95+14
(mmHg)
HR (b.p.m.)  124+16 128+15 13117 134+16 13715 134+17
MPAP
# # # # #
(mmHg) 123 153 16x4 164 | 18+3 164
CVP 2+1 3+2 32 2+1 32 31
(mmHg)
CO(Umin) 23207 | 14204% 14204% 14204% 13:04% 12:05"

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

AEMOEETICP IZABROELZ RS 2h
o7z BKBEERBZEOIE H2.3:1 0L %,
ICP A3 K I VE RIS LA EIC BH L7212 )
b 53, CPPIRAEOEILZ RS Lho
72 A LA VEBHESIZXY CPPIZARIIKT
L7725, ZOHBIRV TRECEALIIERK]
2 TAHBIKT L.

Z &

L RIOMRIZIEICET 72 ZFOmZE Iz,
M55 5% @O E R K EE 7V 2B L2 v 7
FA4T7 Y ADET L2MicBT % IRV OFEER
BREL ICP ICRIZTTHBEBILE L. HBRIE
=SEoFgE & FRRICEE O N TIFRICH b
BI:E=1:2051:E#%1.7:1, 2.3:1, 4:
1AM E2ERELCTH, ICP OZ{LITAD
otz fEoT, ZOZETIE IRV HHHZE

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

WIEIRZE % £ o 72 FPIRAS 42 538 00 NI A B BER s
D—=D2LNH)BILERBLL.

1967 4F acute respiratory distress syndrome
(ARDS) @ {4 |2 PEEP 7838 A & h®, Dtk
PEEP 3 KM ZIMAA DR EZ 2 O THEALE L
LCEL ERICHWSRTE 72, LArL, 1980
FEAITIFIV D LR E VW — SR & BWKEN
JECHi 245 5 & BRI RN T % ME R
B O Wi ANES, B O 0% Lo
JiiBE % L o3 FEBRAE R ATEAM L ventilator in-
duced lung injury OEEZAHENY. L7225, Z Ol
i % S 17 A8 L L C, Hikling 552913
ARDS O A\ TIHE BRI & LT HZEMPI % 5%
L, /A&w—HfsE (5ml/kg) &K\ PIP
(< 30 cm H 20) T SIMV (synchronized inter-
mittent mandatory ventilation) % Jf\»7z A TRFBL
EHHT, RUEIARICEA LA L2
L7z, 15 1d 2 ot % permissive  hyper-
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capnia & Fi L, A ELA T TERERT A 1ML
JEZ R L THIEL, PaCO it 362 mmHg
Th129 mmHg ¥ T LA L7205 % & Bk
HBARBOLEPol. UBIDOX HITEWPIP T
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ST IR E B K OB B 3 2 O TR EL
2B LK & 2RI OB — 2 L 2/
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L7 i iE PEEP 12 X DA 5. HEo
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Z @ CPP DA T I SO M 48 9L 5k 1 & % TH
ERMEEEMEZ D251, ICPIX EAT 5.
F 7= W N E O b1 HE 0 SRR % O BE

Il % & 72 UBN B BEM 2 BHEE 2 O B~ L 2

) ICP A3 EH-$ 5%,

IRV Tl UBEMRE T b Mof&E s
TPIP MEL MEFF SN L DT, KENIED ICP
NDOHBEINS L 2B,

LA LA s, —IFH A 7 b od THRAR
Bl L TR < %2 5 IRV TIE, L
F U7 ICP 23 F B9 5 \C 62 70 I IR ] A3 4
fiE 2, ICP HWLART OEICIR % B ISR A G
F 0, ICPAHEMIZERT5 I &I
5. L LEZOMFETIEIRARH»EL 25
LZNICHHILCICP O T RIS EH s
DTICP NDOHEBE2RD L olz. O
e R D AR AR A H K T AFICE LT
S EOMFETIIMETTE Lo,

—77, MBI B SR S 5 KA AGE
IZHZED B DR BOBEE IR EIE T T 5
DT, RTINS IR OBEED
M LRI ICP D THRFEESNS &
IRV TICP A ERTHIENEZOLNED, £
REZORE L.

IRV 12 & 5 W #E L DS T EHRENTED
LEASEELTWwAEWTIO 130, KERE
WCEENAEL, FREEFMPEL 25 LhileD
air trapping 25 Z 1) FEER D& 0 iR A
01222 & B E % 7”9 auto-PEEP 233843
%%, Z ¢ auto-PEEP 23 fa o B2 L
PEEP L Al LRI R % & 7o LEEHILiEO Y E L b
25 LTWwaAY, 20k IC IRV IHKEEFE L
FEORELZDZOTICOEDLLY, SEOH2
YTIGATVADKTLEEFV (HiKiE) T
13 IRV 12 X B IKEERIMAE O H IR SN
o72h, ZORKIEMIKEDORESEIETH -
722 LR IRV Tl FEILEOYE ISR 2 %
FTHEWZ L EZLNA. IRV IZEFEILEE
DYFED Y TH L, MRKOLEZ L
L, PaCOMT A LI LITBE SN 5. KBS
THI:E}4:1TPaCOIHEIZEETL, 1
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DR ERE[RENEOEZE L ZT, 1!
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X

(5528% %5475 2002)

7HEF L LTHHEOMBSEZONED, 0
A7 T10cm H,0 @ PEEP 12 X Y, ICP #3%H]
WCERATEHZL2MRLIDOT, ZOMFETD
FARMIZ ICP I L e W& E R 5.
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W TR E W 2 N LI E LTo
IRV O #JE DT REtk & R_g L 7.

i

IRV 23 ICP, 1E3RENRE, SGEWNIEDL L OHiE
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TRAYTIAT Y ADKT LM (fikiE)
TPFHRENTE X LA T 2 03%EBRENEIT L
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BN h o7z,
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BN O—DE R IDBLEER S,

i Fi

WERZADICHIY, THRELIRBZEDLY L
72 I BE R R = R « SR rP IR IR IR S 3 2 Ao R R A 3 i
WIREZ2HBEEAERELEY. TLCHESHIES
L7-EHERY Y & —OKHABBEEZIZICORE ¥
T =D AIIEH L LFET. B, KRXOERIZ
554600 H ARREEES 4 (19994E 5 H, AL 12 THREL
L7

73

1) Kumar A, Falke KJ, Geffin B, Aldredge CF, Laver MB, Lowenstein E, Pontoppidan H : Continuous positive-pressure
ventilation in acute respiratory failure. N Engl J Med 283 : 1430 — 1436, 1970



2)

3)

9)

10)

11)

12)

13)

14)

15)

16)

17)
18)
19)
20)
21)

22)

23)

) o WK BE A2 3B 1) B Inversed Ratio Ventilation (IRV) ASEHZEPE I KT § % 277

Pare PD, Warriner B, Baile EM, Hogg JC : Redistribution of pulmonary extra-vascular water with positive end-
expiratory pressure in canine puomonary edema. Am Rev Respir Dis 127 : 590 —593, 1983

Malo J, Ali J, Wood LD : How does positive end-expiratory pressure reduce intrapulmonary shunt in canine pulmonary
edema? J Appl Physiol 57 : 1002 —1010, 1984

Doblar DD, Santiago TV, Kahn AU, Edelman NH : The effect of positive end-expiratory pressure ventilation (PEEP)
on cerebral blood flow and cerebrospinal fluid pressure in goats. Anesthesiology 55 . 244 — 250, 1981

Hurst JM, Saul TG, DeHaven CB Jr, Branson R : Use of high frequency jet ventilation during mechanical
hyperventilation to reduce intracranial pressure in patients with multiple organ system injury. Neurosurgery 15 : 530 —
534, 1984

Luce JM : Medical management of head injury. Chest 89 : 864 — 872, 1986

Tyler DC : Positive end-expiratory pressure . A review. Crit Care Med 11 . 300— 308, 1983

Dreyfuss D, Basset G, Soler P, Saumon G : Intermittent positive-pressure hyperventilation with high inflation pressures
produces pulmonary microvascular injury in rats. Am Rev Respir Dis 132 . 880 — 884, 1985

Dreyfuss D, Soler P, Basset G, Saumon G : High inflation pressure pulmonary edema. Respective effects of high
airway pressure, high tidal volume, and positive end-expiratory pressure. Am Rev Respair Dis 137 1159 — 1164,
1988

Hernandez LA, Peevy KJ, Moise AA, Parker JC : Chest wall restriction limits high airway pressure-induced lung injury
in young rébbits. J Appl Physiol 66 . 2364 — 2368, 1989

Tsuno K, Prato P, Kolobow T : Acute lung injury from mechanical ventilation at moderately high airway pressures. J
App Physiol 69 © 956 —961, 1990

Amato MB, Barbas CS, Medeiros DM, Magaldi RB, Schettino GP, Lorenzi-Filho G, Kairalla RA, Deheinzelin D,
Munoz C, Oliveira R, Takagaki TY, Carvalho CR : Effect of a protective-ventilation strategy on mortality in the acute
respiratory distress syndrome. N EnglJ Med 338 : 347 — 354, 1998

Reynolds EO, Taghizadeh A : Improved prognosis of infants mechanically ventilated for hyaline membrane disease.
Arch Dis Child 49 © 505—515, 1974

LEREAE, [T EE, ¥e LRE, BEEER, DEEAF, & W, IWHEET, KIFFE | nversed
Ratio Ventilation (IRV) DRRIE. ICU & CCU 13 : 417 - 425, 1989

Sari A, Yamashita S, Toriumi T, Nakashima K, Kawata R, Kunihiro M, Yonei A : The effects of inversed ratio
ventilation (IRV) on arterial oxygenation during mechanical ventilation in patients with acute respiratory failure.
Resuscitation 22 : 93—101, 1991

Sari A, Toriumi T, Yamashita S, Nonoue T, Kojima S, Kawai K, Yonei A : Combined effects of inversed ratio
ventilation (IRV) with positive end-expiratory pressure (PEEP) ventilation on cardioventilatory function in acute
respiratory failure. J Anesthesia5 : 105—113, 1991

Stoller JK, Kacmarek RM : Ventilatory strategies in the management of the adult respiratory distress syndrome. Clin
Chest Med 11 : 755—772, 1990

SN ¢ BHBEIEIC RIET Inverse Ratio Ventilation DS, JIIFESREE 2411724, 1998

Bendixen HH : Respiratory care. Saint Louis, Mosby. 1965, pp 52— 55

Artru AA : Relationship between cerebral blood volume and CSF pressure during anesthesia with Isoflurane or
Fentanyl in dogs. Anesthesiology 60 : 575— 579, 1984

Pang D, Sclabassi RJ, Horton JA : Lysis of intraventricular blood clot with urokinase in canine model . Part 1. Canine
intraventricular blood cast model. Neurosurgery 19 . 540 — 546, 1986

Artru AA : Intracranial volume-pressure relationship following thiopental or etomidate. Anesthesiology 71 : 763 —
768, 1989

Artru AA : Relationship between cerebral blood volume and CSF pressure during anesthesia whith Halothane or
Enflurane in dogs. Anesthesiology 58 : 533 —539, 1983



278

24)

25)

26)

27)

29)

30)

31)

32)

33)

34)
35)

36)

37)

38)

39)

40)

41)

42)

N R R & A (%528% %45 2002)

Ashbaugh DG, Bigelow DB, Petty TL, Levine BE : Acute respiratory distress disease in adults. Lancet 2 319 — 323,
1967

Parker JC, Hernandez LA, Peevy KJ : Mechanisms of ventilator-induced lung injury. Crit Care Med 21 @ 131 — 143,
1993

Hickling KG, Henderson SJ, Jackson R : Low mortality associated with low volume pressure limited ventilation with
permissive hypercapnia in severe adult respiratory distress syndrome. Intensive Care Med 16 : 372—377, 1990
Stewart TE, Meade MO, Cook DJ, Granton JT, Hodder RV, Lapinsky SE, Mazer CD, Mclean RF, Rogovein TS,
Schouten BD, Todd TR, Slutsky AS : Evaluation of a ventilation strategy to prevent barotrauma in patients at high risk
for acute respiratory distress syndrome. Pressure-and Volume-Limited Ventilation Strategy Group. N EnglJ Med 338
© 355—361, 1998

Cotev S, Paul WL, Ruiz BC, Kuck EJ, Modell JH : Positive end-expiratory pressure (PEEP) and cerebrospinal fluid
pressure during normal and elevated intracranial pressure in dogs. Intensive Care Med 7 : 187 —191, 1981

Toung TJ, Aizawa H, Traystman RJ : Effects of positive end—expiratory pressure ventilation on cerebral venous
pressure with head elevation in dogs. J Appl Physiol 88 : 655— 661, 2000

Apuzzo ML, Weiss MH, Petersons VT, et al : Effects of positive end-expiratory pressure ventilation on intracranial
pressure in man. J Neurosurg 46 . 227, 1977

Shapiro HM, Marshall LF : Intracranial pressure responses to PEEP in head-injured patients. J Trauma 18 : 254
—256, 1978

McGuire G, Crossley D, Richards J, Wong D : Effects of varying levels of positive end-expiratory pressure on
intracranial pressure and cerebral perfusion pressure. Crit Care Med 25 : 1059 —1062, 1997

Cooper KR, Boswell PA, Choi SC : Safe use of PEEP in patients with severe head injury. J Neruosurg 63 : 552 — 555,
1985

Aidinis SJ, Lafferty J, Shapiro HM : Intracranial responses to PEEP. Anesthesiology 45 : 275~ 286, 1976

Koehler RC, Michael JR : Cardiopulmonary resuscitation, brain blood flow, and neurologic recovery. Crit Care Clin 1
1 205—222, 1985

Pepe PE, Marini JJ : Occult positive end-expiratory pressure in mechanically ventilated patients with airflow
obstruction. Am Rev Respir Dis 126 : 166 — 170, 1982

Cole AG, Weller SF, Sykes MK : Inverse ratio ventilation compared with PEEP in adult respiratory failure. Intensive
Care Med 10 : 227 — 232, 1984

Kl 2R IRV & PEEP SBR[ aspiration pneumonia O 4 A 2R AEIC BT T B, Rk 46 © 915925,
1997

Mang H, Kacmarek RM, Ritz R, Wilson RS, Kimball WP : Cardiorespiratory effects of volume-and pressure=
controlled ventilation at various I/E ratios in an acute lung injury model. Am J Respir Crit Care Med 151 : 731 — 736,
1995

Georgiadis D, Schwarz S, Baumgartner RW, Veltkamp R, Schwab S : Influence of positive pressure on intracranial
pressure and cerebral perfusion pressure in patients with acute stroke. Stroke 32 : 2088 —2092, 2001

Toung TJ, Aizawa H, Traystman RIJ : Effects of positive end-expiratory pressure ventilation on cerebral venous
pressure with head elevation in dogs. J Appl Physiol 88 : 655661, 2000

Clarke JP : The effects of inverse ratio ventilation on intracranial pressure : a preliminary report. Intensive Care Med

23 :106—109, 1997



