NGRS 24315 1 17~24 (1998)

BEEREICRKIFT Inverse Ratio Ventilation ¢) B2
=T 6

BERLSTIE, SEAE (Intracranial pressure, ICP) BT LR LERBICTE
T3. T2C, RRABRBAER St FRGAEZEML RRF R (inspiratory/
expiratory ratio, I : E) #5335 A LML Inverse Ratio Ventilation (IRV) », ICP (Z
ENLHSCREEBEEAS D EHBRXEAVTERLA. IER1: 2251721, 2.3
1, 41 ETRABHEZER: Y, BRREEERIERE ERRE n=10) &H
i GRIEERE, n=10) O_EEEAV, FTEEVOREBEREL L. ICP, REaRIE
RE, FHRERE, FHDHKE, FHWBHIRE, POWKRE, OHHEE1: EXEID
SECHAELE, ICPOE{IIZ, 1: E=1:2, 1.7:1, 2.3:1, 4:1 TEhFhiEEK
BEA 12,7131, 12.424.8, 12.313.3, 14.413,.5cmH,0 (mean + SD), i g
7¥12,0+6.6, 14.0£6.0, 12.0£6.3, 13.8+£2.8emH,0 THH . MBHBELICP L E
LERTHEZEL, s L-AAERUBRTLEREZELZRD G, o k. RIS, ALR®
BEROEHREIACIVICP 2 ERSEAMR (FEAETEE, n=10) ZAVTEHK
(CHE LA ICPRRI:E=1:2, 1.7:1, 2.3:1, 4:1 TE*h¥h28.47.0, 28,8
+7.0, 28.1%7.1, 27.0%6.2emH,0 EFENELREZERHT, BMAFNBMOERIIICP I
FERERITE AP ok, ¥, IBLLTHRERNFTRL2TORY THEK (p<0.05)
ERLEY, BEREAESLVOTBERIASLEL2EHEd -, IRV THERS
FEAEFERLEVOT, REANOTHEAOEEFIfPESICPRERELEL., 20
#ERI3, RV IFEANEAERSOATIFREE LTHRTHIZEETRL £,

(CFRE104E 4 A30H /)

Effects of Inverse Ratio Ventilation on Intracranial Pressure in Dogs
Masahiko MIHIRA

The correlation between the inspiratory to expiratory ratio (I © E ratio) and intracranial pressure
(ICP) has not been clarified. This study was undertaken to determine the effects of the I ! E ratio
=1:2 to 4:1 onICP in dogs with normal ICP and elevated ICP. Thirty animals were divided
into three groups. Animals in the first group (n =10) were ventilated with a constant inspiratory
flow pattern, in the second group (n =10) with an increasing inspiratory flow pattern, and in the
third group (n =10) with a constant inspiratory flow pattern under elevated ICP. In each animal,
following the control ventilation (I} Eratio = 1 : 2 ), three different I : E ratios of inverse ratio
ventilation (IRV) were applied in the orderof I: E =1.7:1, 2.3 :1,and 4 : 1. Arterial carbon

dioxide (PaCQ;) was constantly maintained normocapnia by adding or subtracting the dead space
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tube throughout the experiment. Tidal volume and ventilatory frequency were unaltered. ICP,
mean airway pressurc (mean Paw), peak airway pressure (peak Paw) and such hemodynamics as
mean arterial pressure, mean pulmonary artery pressure, central venous pressure and cardiac output,
were measured at 30 min under every 1 E ratio ventilatory condition.

Changes in the I ! E ratio had no effect on hemodynamics in any of the groups. The mean Paw
was higher during IRV than that during control ventilation (p<C0.05), but there was no difference
in peak Paw between control ventilation and the different ratios of IRV. Despite the higher mean
Paw, ICP remained unchanged during IRV as compared with control ventilation in the three groups
(12.7+3.1, 12.4%4.6, 12.3%=3.3 and 14. 4+ 3. 5 cmH;O in the first group, 12.0%6. 6,
14.0+6.0, 12.0+6.3and 13.8=2. 8 cmH,0 in the second group, 29.4*+7.0, 28.6+7.0,
28.1+7.1and 27.0=% 6. 2 cmH;0 in the third group, at Il tE=1:2, 1.7:1, 2.3:1 and
4 11, respectively).

This study showed that IRV (at I1:E ratios of 1.7:1, 2.3:1, and 4:1) does not
influence ICP. Therefore IRV may be a good strategy in the mechanical ventilation of patients with
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intracranial hypertension. (Accepted on April 30, 1998) Kawasaki lgakkaishi 24( 1) [ 1724, 1998

Key Words () Inverse ratio ventilation

(3) Peak airway pressure

i UL & (2

RIS BBIE (positive end-expiratory pressure,
PEEP) X HEEENERE & in s Bk FE ki
P ® T AY. LA L, PEEPREHENE
(intracranial pressure, ICP) # & X &2~V g4
HNEGEEZEONEERIEALL-HEL S
%99 Bone (37, HEWNEALEBETHE Y
PEEP b X UVE i i SUB AR & VT 7C g 3R
{LREDUE FENLETH S LT A,
¥, PEEP I X A2 REMNED ERIIFAILEINMEZ
L6 5YY JERNEEK LT, Ik
FbiE % ES 2 AT BET s s X9
Wl otz FO—202, —HRTHA 7 VOB
B ERSEITRENEZEL T, T&bb
WSS (inspiratory/expiratory ratio, 1:E)
% g 24 A AT Inverse ratio ventilation
(IRV) 2id 5. T TIZA%FRALO N T
Weik & L CHiBEELRED S B IZHEMTH 254°
HHHRTWA,

PR E R ClE, ICP (ZHREME D R) & ROt
LSRR B, R ICREREI D & A0

(@) Intracranial pressure

Intracranial hypertension

WHEBEALNS, T, —IFHY A I 0
THRAEMEZHETLIRV IZICP IZEBELT R
Tt lrdb s £F2C 1:E 12,
1.7:1, 2.3:1, 4:1 2T LRARHEOILE
EAICPIIREZTHEE, EFHEAE, B
JUBEERELED A X & T, BAmEE
o S & Wi o 2 FEIC S TFZE L 7.

MJESLUHE

ARG ERREDYERTR SO K
20 (97-042, 19974F), JIGERFKZOH)
WEBRIRSI RO S Em L.

RE 132 kg DM AR08 = 51,
Y RNV E S — b 25 my/keg FiFHERRE N
HL, tobhh7ETRET -V L. KB
21 %ok THEEL, Rrrnoo a0l
mglkg O WKL G- TREL L7z, FEERERIE
BEILE, (DA%, BIREEEE LTS RERT
HAHEI ERMRL. NI Servo Ven-
tilator 900B (SIEMENS-ELEMA, Solna, Swed-
en) TFO, =1,0, 4EEREIZEINRMI =B
A 4 JE A% normocapnia (PaCO, =40= 2 mmHg)



= UEFBNA IS BLEE Inverse Ratio Ventilation ¢35 19

ERBIINCHRELL. BERENIE (peak
airway pressure, peak Paw), *F#5 &P E (mean
airway pressure, mean Paw) {(Z, CP-100Pulmo-
nary Monitor (Bicore, Irvine, CA) THlEL7-.
ERBBEIIRIC S 7 — 7 b 2 8 & L FS3hREH
% (mean arterial pressure, MAP) 3 J UNBhHR il
WRIMIZHWE, A7 »H o 2H5F—F N (Five
French size, Amow International, Inc., PA) #
ERBER OHESRICFAL, LHBE
- 35 Bt B Ik /£ (mean
pulmonary artery pressure, MPAP), L EIRE
(central venous pressure, CVP) Dl & iR&E
BRI OERMIZ V72, 0% (heart rate, HR)
IOEFEHWTHEL 7. & MAP, MPAP,
CVPEIFS Y AFa—%— (A00L: #» 7
f, HrD) ICEmL, BR L a—4%— (RTA
1200 ; AANEE, EH) &L hoo
FEEBRAEEFEROoS 3+ ¥Yo gt LTHE
L7, G EIL.OaESE (HEMOPROL SP
1445 ; SPECTRAMED, WI) # H W\ TE# AN
HECHlE L. Bk (a) 33X ONRSEHIR M
V) oBEHIE (PO) , REXFADE
(PCO:), MRFAIFIEE (S), pH I ML #E A4 A il
FEFE (1304 pH/Blood Gas Analyzer,Instrumen-
tation Laboratory, Milan, Italy) THllE L, ~
EF T BE (hemoglobin concentration, Hb)
(i IL 482 TMCO-Oximeter (Instrumentation La-
boratory, Milan, Italy) Tl L7z, WEIREEE
HABEWRER N A€ = % — (Capnomac
Ultima;Datex, Helsinki, Finland) % T3+
BCSE L2z B S v > bEE (Qs/Qo 1d
ToORTRD,
Qs/Qt = (CE0,-Ca0;) / (CE0-CYV0,) %100
o7ZLCCO, =i REMNE EEER

CaO, =EkMBEEEE

CvO, =REFHIRMAESRE &8
R,

(cardiac output, CO),

ICP B E &

RAIZRERAGE T, TRAS 2 BEREEE b S e iy

Bl % E (SN-1;NARISIGE, ®F) ICE®EL
. BEERULEAAFY L (TR-2 ;%
U ¥ B{ERT, ®E) T Burhole (£3mm) #
HiF, 18GHIREBH S T —F NV OEH% EHR
FARHE A5 10 mm #8016 HA B8 % S8
25 B 10 mm, T E T HRES & A s E S
MEFEHLE2smm {ZHLHKERIZEE L
FO0 g F—F N EEFRRENICSH S
L, BRI THZEL. ICPIE, A5 —
FhE T Y RAFa—H— (TP-400T; O &3
E, W) BRI EER YO RIcE D, G
Ml % FHE TR L7z, Burr hole [ZEE#Ht
A FTHS L. WEWE (cerebral perfu-
sion pressure, CPP) (IO TRz,

CPP = MAP — ICP

HAEAETEETTL

TR EEAREE S A2 B0P L C/NREEREE o h 7 — 7
LEBALY, PITICHB<5 ATAIC/ER L7
B %2 ICP A —E (29.4%7.0cmH,0) &%
LLEI) TR T (TE3LL: 7E, B
) R TEsEEA (10mlhr) L. AL
BEMCIZMLNAS, NaCl =7.0¢/L, NaHCO; =1.9
gm/L, NaH;PO4 - H;O =0.014 gm/L,
Na;HPO,; =0, 057 gm/L, KCl =0.268 gm/L,
MgSO, =0.0145 gm/L, CaCl, =0.128 gm/L,
glucose =1.8gm/L, pH =7, 4% 7% 5 L 5 121k
LT,

OkRa-n

Byt AL, EREHENLORETERSA
TR 2 R TR L2100 GRREE),
IEE TS NE ORE TR RURE % iR ¢
PR L1088 (iR, TBNE TR
TR 2 B TR L2108 (EE
MNEJCER) @ 3FIIH /2. RRIIEBRE
WEL, WAk=y PEHCTIICTIHERFLL.
S FLERIN Y > A Vil % 3 mikghr 51 7.
P EDBESFET %, 600MMlERESEEL



20 N B R

TWwAI R LBICNETRGE L. #l
EPOSTBBRSEET—EICLE. 1HOKIID

($524% 1% 1998)

3. M4TEHEE (Table 3, 4)
SHELEIIERT, MELLUCLHANE

X, IIEHF1:20f (2rbo—b1) #fl (CHEEZZEDLo7:.

Ef, HARI:E#17:1, 2.3:1, 4:1¢& 4, ICP 15 X (X CPP (Table 3, 4)
LCHllZERTT o7, 4fEHOI1E TllEfR, 4-[a4% b /- EHE @ ICP {4, normocapnia T
KICEEIER1:2ICRELTHMEL(Z Y B Dt yREUI BT ARDIEREZNE 6—

—Nn2), avitu—zEkariro—il
OBEBEFEPLTHE I EFxHHELL. £&7T
OPEMEIZI: EEEHOGERL THHME

9 cmH,0 19220 LR L Twiz, 38EE LA
B O£ TICP B L OFCPP 3 E b=l %
it A

L7, MEEMOEEIZPES PaCO, DETIE,
FEfEF o —7 (100—300mL) %L T—
WZHEFE L, PaCO, D ZE AL

» — s ) Table 1. Airway pressure, blood gas analysis and hemoglobin (Hb) durin
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mechanical ventilation with a constant inspiratory flow pattern (CIFP)

L7z, and an increasing inspiratory flow pattern (IIFP) in dogs with normal
M ICP.
SR, P EEEET _
L LE rati 2 | 1 L 2.3 i E trol 2
=B 7. HEEMATER, C;a;o 1:2{control 1) 1 B | 411 1:2(control 2)
aroup
Student’s t test T P<0. 05% # peak Paw
f‘-]-#ﬁﬁ&}ﬁ%&Lf-— (emH,0 ) 14+ 4 14+ 4 14+ 3 14+ 3 13+ 3
i ] Z. mean Paw 341 740k 7+ 24 10+ 2% 349
(emH,0 ) = A3 £ = e
pH 7.34%0.03 7.34=0.03 7.34%0.03 7.36+0.02 7.34x0.05
L ® PaCO,
(mmHg) 40+ 1 30+ 2 39+ 2 39+ 2 0% 2
Pa0; = = = = e
B L EREEOR T {mmHg) 53077 552+ 71 545+ 50 560+ 49 54277
v a % : —_ i 30 == = pre 04
3, ACoONEBIIEEEY g;g-(/w 93+ 4 91+ 6 91+ 5 91+ § 91+ 5
Etednots. E1-3BEED (mmHg) 77T+13 5% 17 7111 T0+14 69+ 12
a2y hu—wi1kaybo— ook 45%2  45%3  47=2 g6x2 472
V2 OElEEICEEESED Hb (g/dl) 15+ % 15+ 2 15+ 2 14+ 3 15+ 3
Fedvod QsfOU %) 12.4+5.7 10.124.9 9.7£3,6 9.7+54 9.7+4.2
Fair i e Br fi
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. FOEN Table 1, 2 ;
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. . {mmHeg) a1+ 2 40+ 3 40+ 3 39=x 2 41+ 2
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A ASATES & OB peak Paw=peak airway pressure;mean Paw=mean airway pressure;PaCO;=arterial
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Table 2. Airway pressure, blood gas analysis and hemoglobin (Hb) during
mechanical ventilation with a constant inspiratory flow pattern dogs with

increased ICP.
L:E ratio 1:2(contral 1} 1.7 1 oA B | 411 1:2{control 2)
%§§5§§§3 11% 2 1+ 2 =2 11+ 3 =2
?:“;ﬁ?fg“)’ 341 6+ 24 6+ 2t 7+ 2% 31
pH 7.32%0.04 7.33+0.04 7.33%0.04 7.33+0.04 7.32%0.03
""(‘;Egﬁg} 40+2 3Bz  39£3 39+ 2 40+ 2
ﬂﬁi%ﬂg) 53953  557+19  559%25 56723  555£322
SV0: (%) 92+ 3 92+ 2 92 2 92 2 93+ 2
P(vrnDrEHg} 4% 9 73% 8 74% 8 73+ 6 4% 7
P(fn?;lg) 45+ 2 44+ 3 45+ 4 45+ 3 45+ 4
Hb (g/d1) 14 2 14+ 2 142 2 14+ 1 14+ 2
OsfQt(%) 12.6+6.0 10,3225 10.8+3.3 9.6%3.2 10.9%2.7

peak Paw=peak airway pressure;mean Paw=mean airway pressure ; PaCO, =
arterial PCO4;Pa0s =arterial PO+SV0; =mixed venous oxygen saturation;F¥0. =
mixed venous PO, PYCO; =mixed venous PCO; ; QsfQt=intrapulmonary shunt.
Values are means = SD.

#p<0.05vs1: 2 (control 1, 2).

Table 3. Intracranial pressure(ICP), cerebral perfusion pressure (CPP) and
systemic hemodynamic variables during mechanical ventilation with a
constant inspiratory flow pattern {CIFP) and an increasing inspiratory
flow pattern (IIFP) in dogs with normal ICP.

LE ratio 1:2(contral 1) 1.7 : 1 A s | 4 11  1:2(control 2)
CIFF group
ICP(emH,0) 12.723.1 12.4%4.6 12.3%3.3 14.4%£3.5 13.1£3.5
CPP(mmHg) 114%14  115%16 113=16 10116 114%15
MAP(mHg) 127+14  129%15 127+15 116+18  127=14
HR(bpm.) 144£16 140£16 136£17 136£31  139=18
I{"’rfrﬁﬁg) 16% 5 185 195 2126  19%4
CVP(mmHz) 3 =3 4+3 4+3 5 =3 4=3
CO(L/min) 2,220.5 2.120.5 2.1%£0.3 2.120.5 2.3%0.2
1IFP group
ICP(emH;0) 12.0%6.6 14.0%6.0 12.0+6.3 13.8+2.8 11.9%6.9
CPP(mmHg) 121420  119+20  119+21  118+17 11719
MAP(mmHg) 133+21  133+23 13122  132%18  130%19
HR(bpm) 15238  154+40  140+35 156243  151%36
’E"n':’:gg) 16+ 4 19+ 3 19+ 3 18+ 3 18 3
CVP(mmHg) 3 %5 4£5 14 4 %4 4= 4
CO(L/min) 2.5%0.9 2.3#0.6 2.4+0.6 2.5%0.4 2.3%0.5

MAP =mean arterial pressure ; HR = heart rate;b.p.m, =beats per minute ; MPAP =
mean pulmonary artery pressure;CVP=central venous pressure;CO=cardiac oul-
put.

Values are means = SD.
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Table 4. 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.

L:E ratio 1:2(control 1) 1731 2.3:1 411 1:2(control 2)
ICP{cmH:0 ) 23,4%7.0 28.6%7.0 28.1£7.1 27.0%6,2 28.4%6.5
CPP(mmHg) 90+ 8 90+ 7 91+ 6 90% 7 89= 8§
MAP (mmHg) 111+ 10 110+ 10 111+ 8 109+ 9 109+ 10
HR (b.p.m.) 115 % 46 124+ 23 123x21 120+ 19 120+19
MPAP (mmHg) 16= 4 18+ 3 17+ 4 18 4 16= 4
CVP(mmHg) 4+£1 T | hx1 61 4 +1
CO(L/min) 2.2+0.8 2.2+0.8 2.1%0.8 1.9£0.5 2.0£0.7

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.
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Fig. 1. Polygraph recording of airway pressure (Paw), intracranial pressure (ICP), arterial pressure {AP), pulmonary artery
pressure (PAP), central venous pressure (CVP), at1:E=1:2 and 41 1. ICP waves are synchronous with ventilatory
cycles.
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