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Study of Halothane Anesthesia in Ruminants

1. Hemodynamic Effects of Air-Halothane Anesthesia
under Controlled Ventilation in Goats

Hiroshi SAKAMOTO, Tsukasa HayASHI, Fumiaki SATOH,
Susumu IWASE and Akihiro QHISHI

(Laboratory of Veterinary Surgery)
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S 2 BIBRE arterial blood pressure (ABP), (0
¥ heart rate (HR), fifi #) Ik £ pulmonary arterial
pressure (PAP), # & Ui @ R#B AL pulmonary
arterial wedge pressure (PAWP) QO FIFE Z e & L
t2. % 12 Swan Ganz # 7 — 7 JV @D thermister con-
nector % 0 B M E K E (9520A CarplAC OUT-
pUT COMPUTER, American Edwards Laboratories)

WCEERS L, BEEEIC L 5.0 E cardiac output
(CO) ODBE AT - 1. MIEA ASFEDRIE I KBES)
PR & 0 ERIM L, MK ZA54ras (M165/2 CORNING)

TfT- 12 (Fig. 1).
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Table 1. Goats used in the present study

No. Body weight(kg) Sex
25.0

24.0

29.0

25.0 all females
25.0

23.0

26.0

mean 25.3

S.D. 1.9
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19.
26.
mean 26.
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Table 2. Hemodynamic effects of OF anesthesia

Control 15 30 45 60 90 120 150 180 210 240 300
MAP (mmHg) 91 90 92 99 104* 109** 104 101 95 101 100 97
t 4 +7 * 4 *t 6 + 6 + 4 t 4 5 +5 t 8 + 8 + 8

HR (bpm) 83 108 119** 120* 124* 125% 128* * 126* 122* 152%* 162% * 144 % *
+10 +11 +10 +12 +12 +15 +10 11 +11 +12 *15 +12
PAP(mmHg) 16 13 13 12* 13 13 11 11 11 16 18 14
+1 + 2 + 2 +1 + 1 + 1 + 1 1 +1 + 2 + 4 t+ 2
PAWP (mmHg) 4 4 4 4 4 4 4 4 3 5 6 3
+1 +1 *1 +1 *1 +2 +2 +2 t2 *2 +4 +1
CO(Lpm) 3.74 3.20 3.38 3.40 3.44 3.50 3.18%*%  2.99%% 2. 97%* 3.72 4.03 4.11
+0.27 +0.39 +0.50 +0.33 +0.24 +0.23 +0.21 +0.26 +0.23 +0.35 +0.49 +0. 44

SV(%) 100.0 67.9%*  65.1% 65.7*%  64.3%*  66.1 58.8%*%  56.0% 56.6% 63.2% 61.1%* 64.1%%
_— £3.7 +8.8 +8.2 +8.8 +12.2 +9.2 +11.1 +10.9 +10.6 t8.1 +8.3
SVR(%) 100.0 103.8 137.2 127.0 131.6 134.9 140. 8* 148.2 138.2 118.7 110.4 104.7
— +10.4 +35.3 +16.7 +14.2 +13.1 t12.2 +18.2 +11.1 +14.5 +16.6 +14.2
PVR(%) 100.0 109.0 119.5 73.6 78.0 78.6 71.6 85.7 88.6 94.6 103.5 103.9
— +35.7 +41.8 +11.3 +8.5 +11.5 +9.9 +16.1 +17.0 t12.1 +19.2 +32.1

pH 7.430 7.512*  7.516 7.493 7.475 7.468 7.455 7.458 7.465 7.335 7.375 7.418%*

+0.016 +0.037 +0.042 +0.041 £0.040 +0.043 +0.040 +0.045 +0.049 £0.040 £0. 032  £0.024

Pos(mmHg) 78.2 372.2% % 356, 2%% 370.7%% 371.3%* 406.4%* 406.4%* 399.0%* 410.2%* 162.0 135.2 83.0
+3.1 +18.8 +13.1 +11.5 +14.4 +18.9 +8.4 +8.7 +22.1 +59.0 +55.3 +4.1
Pcoy(mmHg) 33.4 27.5%*  29.9 30.2 30.1 32.5 32.6 34.2 30.6 38.0 34.4 33.4
t1.4 +2.0 +2.1 +2.9 +3.0 +2.8 +2.5 +5.1 +2.5 +2.6 +1.2 +1.1
HCO 3(mmol/L) 21.9 22.0 24.2 23.0 22.8 23.2 22.7 23.3 21.7 20.0%* 19.9 20.4
+1.5 +2.4 +2.5 +2.7 +2.2 +2.3 +1.9 +2.4 +1.9 *1.6 +1.4 +1.6

B.E. (mmol/L) -1.6 0.3 2.3 0.8 0.0 0.4 -0.3 0.2 -1.0 -5.2 -4.5 -4, 0% *
+1.7 +2.8 +2.9 +3.0 +2.5 +2.7 +2.4 +2.6 +2.6 +2.2 +1.9 +2.0

Mean + S. D. (n=7) Significantly different from control, *P<0.05, **P<0.025
Table 3. Hemodynamic effects of AF anesthesia

Control 15 30 45 60 90 120 150 180 210 240 300

MAP (mmHg) 85 86 90 90 93 99* 94 87 82 104* * 105% * 101* *
+ 2 + 8 + 6 + 5 + 4 + 5 + 5 + 7 + 7 + 4 + 4 + 4

HR (bpm) 75 110* 118% * 118* * 117%* 117%* 116%* 112* 110 125* 152% * 137%*
+ 5 + 8 + 3 + 3 + 3 + 5 + 8 +11 +13 +16 9 +8
PAP(mmHg) 13 9 9 8 8 9 9 8 8 11 13 11
+ 2 + 1 + 2 x 2 + 2 + 2 + 2 + 2 *+ 2 3 + 3 +1
PAWP (mlg) 3 3 2 3 2 3 3 3 3 3 3 3
+1 +1 + 2 + 2 + 2 +2 + 2 + 2 + 2 + 3 +1 t1
CO (lpm) 4.34 3.40 3.58 3.38% 3.52% 3.13* 3.06%* 2.85%% 2.78%* 3.52% 4.41 4.79
+0.44 +0.25 +0.34 +0.34 +0.51 +0.29 +0.34 +0.28 +0.26 +0.37 +0.39 +0.38

SV(%) 100.0 55.7%% 54 %% 52 4%% 52 7%% 47 O0%¥  46.3%*  44.3%*  43.6*%* 48.8** 53.2% 63.2%*
e +1.9 +2.7 +1.8 +4.2 +1.9 +2.0 +1.6 +2.0 +3.8 +4.8 +6.3
SVR(%) 100.0 120.0 124.0 133.5 137.1 160.4** 155.6** 149.6** 145.1** 161.6* 124.3 109.2
+6.6 +12.0 +11.3 +12.2 +8.6 +6.2 +2.0 +4.8 +16.9 +12.6 +6.8
PVR(%) 100.0 94.2 103.8 90. 4 94.3 91.1 103.1 101.9 96.5 123.3 143.3 89.3
e +12.2 +14.0 +15.2 +18.0 +12.0 +15.3 +18.8 +14.6 +22.6 +16.8 +14.2
pH 7.426 7.489 7.510% % 7.504%* 7.511*%* 7.495* 7.508%* 7.492 7.490 7.368 7.333*% 7.423
+0.026 +0.058 +0.038 +0.036 +0.036 +0.040 +0.037 £0.037 £0.039 £0.042 £0.023 +0.030
Poz(mmHg) 81.5 79.9 88.5% 96.1 97.1 97.0% 100.9* 93.8 90.1 80.1 81.4 83.7
+5.2 +5.4 +4.8 18.6 +6.8 +7.4 +7.9 +6.9 +7.8 +8.7 +4.3 +3.2
Pcoz(mmHg) 34.4 30.6 34.2 30.8 28.5% 28.6%%  28.7%* 28.5 30.0 35.8 39.3%* 371
+1.2 +2.3 4.6 +3.0 +1.7 +1.2 +1.8 +2.8 1+2.6 +1.9 +1.1 +1.8
HCO 3(mmol/L) 22.1 22.8 26.5 24.0 22.4 21.7 22.4 21.1 22.6 21.0 20.4 23.9
+0.7 +1.8 +3.1 2.2 +1.4 *+1.5 +1.4 +0.9 +1.9 +1.7 +0.8 +1.9
B.E. (mmol/L) -1.4 0.5 4.2 2.0 0.7 -0.3 0.5 -0.8 0.4 -5.3% -4.9 0.4
+1.2 2.7 +2.9 +2.4 +1.8 +2.1 +1.8 +1.3 +2.2 *1.4 t1.2 +2.1

Mean £ S.D. (n=7) Significantly different from control, *P<0.05, **P<0.025
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NU £ VBEE 2 % TRY R FABOMB SR S 1,
KRR IR R IC B o 2. RAKRTRO
BREIL OF BHICH A~ AF BEIGERE L 72, IRERRAS X
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HAontz., FEF2—T70HREIL OF HTBRRAK
THEE6S TH - 12DICX L AF B TI3580 2 &
Utz B S &ICEREMICEA S (Shivering)
NERD HNT.

£ =®

OF MEBt & AF HEE 2B T 2 10H 20, K
Hrif2 % thiopental sodium I K HEAM H/ O LY
BAISHHETRBEAR, ZORBAKT D180 F
THEMERBRE, AR THERE c2ERBIE 3B
B2 KB Uiti DAL = HliRas U 72,

HAMICB I ABRHTOLHIHEBL S HR O
#m, SV oRdH L0 CO DBERIPSED SN,
SV & OF BicH~ AF OB P ERICKE o
1z, SV B4 OB I L0 & BRETRD 2 D
ORFHARELBEELTVWAEBRDNSE. Natvid
negative inotropic effect %78 U, (U8 IXAE 11 % BB
XgEEEDLDATVABSY FrrHATHOVE
thiopental sodium & RO MFIERANS B 5 LWE S
nTWAYYW, Zhizinx THREFRIC X2 [ERE
OLEREN 2R LBIREROB VA2 EHRE, ZhoD
ERLEMNXNIER SV oS PHEL, COR
2IcHIGLT, —ED CO #3510 HR @
s RENICE- 2D HRlx N, AF BT
SVR £ HINLTH Y, ThngiBiisdicinEz
Ptz HIc OF itk SV OFEBROEKETE4A LU
tboEEX SN, MPHAFTEDEIE Pco, D
BEET, pH OLR, BEONRET VAT -V X
DEEHTEDH>NTI, Poy i3 OF BT IIMERERA

IEVERIZERLZDIIHL, AF BTCIEEAL
control {7 HE(L ¥ $RESE I N1z hypoxia IZHBL
ot

KRR 3RS & ICEARIICEARERES S
ne, KBEMEEL RESR s, E<ITHR
R BLTEEAE—ELIEERLT.
SV # &0 CO 3R IEMmBFE & ICHERRRR I T
BERELTHSY, BETREREBOPRAKRT £
THT U, OB AF BTEIKERTH - .
ABP WHlE & 00 CRED FRER LK, B
ARTHRE TER AR LK. SVR EREIHEML,
AF B 713904, OF BT WRIS00IHEEEERL,
FOEBP LTV, ChsOREOFEBBFE L
ity OMETREE dose-relative ICHN 2 &
EbhTH b RARBENS DS EI OME
ETFRHERICK SH20. Lih > CHEFFREARE T
HRREEERHOMMbBELEL SN, SV BL
O CO HAIcHT 2MBERMSEL, IhH SVR
OIS 50, BN ABP OBE ER -
1O EHEER S Nz, MEERRE R DUE T OO RS
HOMEIHRE Y, F1o SVR EINCH S #IKERO
BODPHETLIZIESEICED ABP IMET2RT S
DEELNE. SHICKHBOKAE E LML K
SVR IEBUEA L, HR —ET SV P95 C
EIZED CO BbFFLTHA L Z DR ABP OF
REmsAEfT U - SHERI S Mtz MR AL Pos &
OF B, AF BEE L LANBRERZSZLDDOVONBEK
FEUREER->T . AF BT control fHL Y
20% B O FEMSRD SN 1 RS EL3m, kg, W
B ¥20[6],/ min D4 [EFRTE U 2R &M EY 2 H O
ThHbHIENERAINT. —F, Pco, IZ2WVTI
OF BTUMAISHKIC—BYDOETZRLIE, K
17 control fHIZIE T DIIH L, AF # T control
BEVIT%EBERTLULES#EE I, ChHDE
fbicgks v pH 1X AF BT bI»ILEL, BEOD
IR T IV h o — 3 ADORESEEL 7. L Las
5, MERICAEEZILFTH 5N, hypocapnia & id
nx, HCO, " OEAbE V- HREHRIGHEL T
BN ENSINHOEIIHRG TRBRE CERKICKE
DLV bLDEESNT.

B TIEMBIC HR O (tachycardia) &
NICFEFT U CO oy EE IR sl SV B
BRTHAPEEOEMERLTVS. ABP 3EE
DD HNLp -1, AF BT PVR 0—@t LR
T H Nt tachycardia DRBEEFE LTI NTOL
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YIRARRT R, REICZ OFRIREEMEERPE DA
TREMZEH PRI H50ITMZ, CO, BERFIZ &
% Pcoy ERANREHEERIBA b1 o LIiEREE
ohre. i, EEKBRICERT 5 shivering & HR
HmcBEsLTWwas LB bht, CO DOEE X HR
EMICEBEIANKREVEHEBINS. AF BO
PVR EH S BRMNRIC & 5 MHBESETICRERAST 2
EESNh. R A RS EOECSHEHELL U 75
DRHOoNIz., MAKRTHREHE S Peoy XER U,
HIZEVWPH BLU B.E. HETFTUNEEREYT ¥
F—YZ2%2UT. ThoDEbid AF BCHEC
H N ELIT Peo, CRHAHBICARZAR D, Th
13 AF BOBBEORBIE, §42b5, HEORMEY
RAhtiERTHHEEZZONTI. L LEHS Po,
BRAEEBL LRI THEY CORED CO, ©
ERIERCBLIIIREEBITLLBEMTHY, LA
PRI ORIBNR % 125 U, BB OBERE % {21
THELEXOND. LEN-T, BB IZHEEER
I2&0, Po, BEU Pcoy VRV EBEIFICREDZ &N
BRSO BEEY BIFICT 5 L CEETH H I EHIRE
anir.

MR OFRDOEE IHEH & & RBROZBICL

Wo THREIET L, BRARTHRERICERL T <.

RKRETOREIBEEZLLVWLDOD AF B3 OF
HICHREZFHTHOERICLBMZEL.. ~aty
BRERIC & 2 (RIRMK T O BB |3 TE 3 J ARk oo |
iz, ERKBEOBDSLEE, S DBBELDEK
WEFLNDLY. 25 U o E &R minimal alveo-
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ZEMsE 20, KEBEOREBEEZESELEEDNT
W5 AF BOBEBOEBLZERO 1 >Ic kR
WELND, Z0Ofh, MELLEEBICERL
shivering 2558% H N7z, shivering 1 HR, BSRMHE
HUIC CO, BEABMATHEMEINTHBNY,
HEORIZLIBEEOERMSTR2 T OVEHHIZZ O
&0 BHER, WRBRNAESENT 2HESRRT
HILBEEAPLZOVDBEELBLITHOEES
Nniz. Ld-7, MBBEPEL 28853 +597%
FREBLAEBZ T2 OERET2R/NRICT 52BN HBRE
THHAD.
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Summary

In order to ascertain the probable safety of halothane anesthesia executed under controlled

ventilation in ruminants, some experimental studies were carried out in goats.

For the purpose

of improving of the clinical method of halothane anesthesia usable in the field, a comparison was
made between oxygen-halothane anesthesia (OF ) group and air-halothane anesthesia (AF) group.

The results obtained were as follows :

1) To maintain a surgical stage at least 2% of halothane concentration was indispensable in

both groups.

2) What was most remarkable in hemodynamic changes in both groups was the decline of
stroke volume, but no decline of arterial blood pressure was recognized, no remarkable change of
heart rate was seen and the decrease of cardiac output was little observed.

Thus, basing on these findings, it was assumed that the effect of the decrease of stroke

volume on life was negligible.

3) Some degree of respiratory alkalosis was observed during the early stage of anesthesia

and acidosis was observed soon after extubation.

control value was maintained in AF group.

Po, level which was a little higher than the

4) A time-dependent decline of body temperature was observed during the anesthesia.
This indicates that it is important to keep the animal warmed during anesthesia.
5) All the findings mentioned above were remarkable in AF group in comparison with those

of OF group.

Judging from these results, it was ascertained that in ruminants OF anesthesia under control-
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led ventilation was a most safe and effective method.  Futhermore, in comparison with OF
anesthesia, AF anesthesia was noted to have not a little effect on animal life though it was not so
fatal as generally supposed.

Hence the suggestion that if put under adequate anesthetic management, a clinical applica-
tion of this may not be impossible even in the field.



