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Nw oy SRRRPET, S0 BRIk T A
Ca P o DB R | KT 528

v H Br k"

2 =1

298HD A 2 & AT v VIKEE R E o0
Wik i (F8LER, 3RO L v 7 AEEPIERAY
4 DPEE T 5 L, verapamil (V), diltiazem (D),
nifedipine (N) o.0OfF BRI BuE 3 1FH & Mk #
stLiz. #ovyy RO S & (mg/kg) 1%
VvV (0.05, 0.1, 0.25), D (0.1, 0.2, 0.5), N
0.01, 0.02, 0.05) TH~tzs VIEEMHAHIC
FHIE (MAP) % 4~15%, 4 K#iEHH
(SVR) #19~23%, Ok (HR) #2~9 %%
REMETF o\ LA 870, OHHE (CO), i
BRI A (PCWP) (35 fEw H L < 0. 05 mg/
kg T1320%, 9%, 0.1mg/kg <Ti1321%, 10%
FhERmicw- L ER L7z, 0.25 mg/kg T
PCWP 22 bER+ % 2, CO 1A%, LV dp/
dt max (I8 L7-. Dic X 5 MAP, HR 0%t
IV ERBETH - teh’, A5G ETE CO, LV
dp/dt max (I 7. Nix MAP %#15~35%,
HR #4~9%FthZFh bR LiEmL, CO,
LV dp/dtmax 4 D & MkgICBM L7, Ao
WM LV R AK#ESEYRE, ~r -t VK
B b ETOH >y LEFEEOM I OBERE
BIHEZ RS,

& C & (c

FERREE T2 STV B BAFMIED -~ r +
VOLMERRCIUFTEEI I MbhTED,
B, MO WTFholikTh OMERRIC

el i S o R
RAKRF A TR B

verapamil, diltiazem, nifedipine o Higz——o

o

AL THHEC@ < & ShTuwpY 9, JTeE, 7
vy KEEHUERL T O R MAERRIER T X 5%
AT ORI F X OVLH IUHENE O SR O S R
BEVENIE, FREEMCEBRY IR S8
DYER % b T D LAY O B D TR BRI RS AT G
JHENRTETWBEY Y, hroy afEHED ve-
rapamil, diltiazem, nifedipine 13 ¥ #5535 L O
WABIEIED ~ w2 v, = v 70 vy & DR
EDWTFROBEEEWTY, 4 2 OAERHEO
IEEARZ AR U CRIRMAECHEIT s C L,
TERHELLY. 2hbohr vy aEHERIEL
NEZENEILDET]), ERERALRL, ORI
B U TR AR & RINEER S h a 84y, A
DT, ERERAIMEM S VOISR Ol 8
HENDZEREEINSL. LrLiahb, =
v /ERKED S LA DI Mm FRE L
TeBEE, Aoy sREFEOBENOMERRC
EDXSERT a0 EBGE LIcli&EI b b
Wy, FITA R~ v v V/EZHEEDYL & T
RERNIC O RE A fE$L L, verapamil, diltiazem,
nifedipine o /LIBEERFRC K3 1FA & llckEd L
1z,

1. H*

R 9~15 kg DR 7 MR AR2958 % ~ ~ b
S & = 20 mg/kg D EEIRAIBE ST REBRE A
BEEN %S & i 47 L, Harvard Respirator
(model 613) i< X b Paco, 7 40 mmHg Fit4ic /s
X5 IeTHEIE R & Ui, BREMIEEE 21/, %
R 2l ~mev ]l GTHER U, £ XBEINR
CMENREEN T —TA%FHAL, EHE &
el EXE#ERCI: Swan-Ganz #» 5 —
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FA(TP)&MEAL, MERE, MBIREAES
X OFRLEIREORIE L, AR X 5.0
BoflEc Ui, WE Ed U Chlgc.O
ErEHL, ORBEMA L TAEOAETS = 2 —
v (21G) R¥FIAL, FEr I VALY 2 -~
ft L CEOHEEE B bR CEEL . O
RIS (1FE) LR EOBENEDRE
% (ER 3 2 3B B dah i a e 3 L7c.

MEZFE 5 v A2 2 —%— (Statham P23Db),
FV T VI ENLUTCREBERAFRY 757 (2%
HI25142-8) I FlFangk Lic., TRRBENLE L
TR B & U COPEBIIRE (MAP), O
¥ (HR), ‘FHRiBIIRE (MPAP), RfiB)REZA
(PCWP), 2L (LVP), kA LN E—RE
(LV dp/dt max), .Offitti&E (CO) #@{EL, 55
hicF —z L h—EHaliE (SV), 2RMMmEE
i (SVR), fiimE#Es (PVR), Axm—mftdE
(LVSWI), #H%E—[EifhfE RVSWI) ZHHEL
to. TOHBEBIRIERT TR AR L AV TES
AEBRL, 5747, 104, 2043, 307rHROTEERGE &
RE L. fEEk 0304 #ic Verapamil (8 §1),
diltiazem (133H), nifedipine (8 §f) 3 2>D 7
N — T b, verapamil ¢ 0.05 mg/kg %30
Mo TR S L, 850 5 5, 1073, 2070,
N HOMEERFREMNE L. DK% 0.1mg/
kg, 0.25 mg/kg &L BERSHNCHIRE L, FEROBE
%47 - 7-. Diltiazem i 0.1, 0.2, 0.5 mg/kg
%, nifedipine <% 0.01, 0.02, 0.05mg/kg #
FRFRNERENC S L, verapamil D& & [
BEDBIER R VIR L, TFRENEL R E L o iy
55, TEEPRSEESE 30 4> #%, verapamil, diltiazem,
nifedipine % F LD G- D307 #1C BYIR i %
BiL, »7a—A7 3 voRlECHL. mif
HFa—A7 v Ol %k verapamil 5 5,

diltiazem 5 §fi, nifedipine 4 FHiZ ST\,

KPR RAHGED U C IR 7Btk JLE Y
APN=AY =BT, HEIEEKEZ =<
757 4 =K XY PE LI, ok
FLEEM Y v F AWy FAVT, 3~4ml/kg/hr Dif
ETHEBOBIRNEES 7 —7 v 2B L THRE
L7z, fKiRix Swan-Ganz # 7 — 7 A OFREHC
X0 BBy AR M IR R 2 R A IE L, B R
i<y PeAWT 38°C HIgcRrETL2 L9 L
o, TRNTORBULFHE £SEM TEREL, #

AFFRABERER T AT — 40 t-HEi X T
Vv, p<0.05 Db OERHEFIFIICHEELE HE L
7o

2. R

TEIRET FRER OFEEIC X b, ZTh X b RIsHE
Wl D RUIRTESE B & OAMER RS T 87 ST
EFADED bRI(F ). EEIRE % DR R

Control LAD 30 min
ligation

¥
e 1
20

AP I, Y U, R, Y Y 4
(mmHg) q

(m’.’»ﬁw\,/ S WAL

cvp ’1
(mmHg)
W "I NN\ N
(mmHg) o
2001
LVdp/dtmax %
(mmHg/sec) "L]r LT Lr ' iv v '
~2000

1 Hemodynamic tracing obtained from control
and thirty minutes after coronary ligation

13 MAP, SVR 2 WifHlfel & 3L KT L300
KW FREN2~6Y%, 4~12% D& Figus L
W& LTe. MPAP, PCWP, PVR (1 4 ic E5
o Lign3 % maiidesd bhiz. CO, HR, LV
dp/dt max (34 E (L RD bhigh iz, K
21k~ v v ETRRE R OfE 2 S RE & LT
BhR%E 24304y, verapamil 0.05, 0.1, 0.25mg/
kg #5054, 104, 2045, 307> MAP, HR,
SVR, CO, PCWP, LV dp/dt max ofi% L7
i DTH 5. Verapamil |3 4Py 58T MAP, HR,
SVR # 5. 5 i BARAF R Fiaw LEd
gte. MAP i&of5ETh 5 HLIBRT LR
L, 30/ #ICiza R fET < wlmlff Uiz, HR ik
FThofbach S bieHd L, 0.1, 0.25mg/
kg D3I IZHE FC B BIED B R L.
PCWP iz &&kitic LA L, 0.25mg/kg THE
e EAA R L. CO 1 PCWP & SE{71L70.05,
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Verapamil
C o0 5 10 20 30 min C c30 5 10 20 30 min
k%
2,
110 *
e W 1.
£ -3 of Sapc”
-3 o= 5
90 3 :
*
8ok 1.
=or M 12 X
%
1 MR el N
3 [ i, o o
I‘ti * * o --*
3 110 * w
* *

*

mmHg/sec
- =
N

LV dp/dt max

8

1 TT |

3 el

T'T'T

B2 Changes of hemodynamic variables after verapamil administrations

O—0O 0.05mg/kg, @---@ 0.1 mg/kg, A—A 0.25mg/kg

* indicates significant difference compared to control value,

Diltiazem
C cL30 5 10 20 30 min
el ek P
110 2,
o2 100 c 22
5t of
£ 90 = 18
80 14
130
c 12
€ 120 a
I?, ;%
I:"} OE 1
2 110 Q€
8
100k
*
o 5500 * "
g 13
34500 x - ==
o ] £ 21200
>'l! * -—‘ P
w“c;:;soo * ,«b—‘— o5 L
3 * * EEHO
2500 * ¥ =
10

=3

Changes of hemodynamic variables after diltiazem administrations

O—0O 0.1 mg/kg, @---@ 0.2 mg/kg, A—/\ 0.5 mg/kg

* indicates significant difference compared to control value,
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0.1mg/kg #5 05 HHRICHRREMER L
7%, 0.25mg/kg © 5 7z 0.1mg/kg © 5%
EX gL, 0.1mg/kg DIE L LT 5 &4

SEALN L, & HIT30MEIRRRMEICHE L.
LV dp/dtmax I 0.05mg/kg TIXRfEFEEIC
—& LT 525, 0.25mg/kg ©104, 204,
0BT MR RN E R A 2 R L
1z,

Diltiazem 0.1, 0.2, 0.5 mg/kg # 5D 5 47,
104, 20%%, 30 BIC KT ATEEAEY Lo
L 0K 3 THS. MAP, HR, SVR 3¢ 5.5 4y
B BERERCE T LEA L, MAP 1354
DIRg I & oG5B T ER 2R T2330 0 it
BELS FcirmE L. SVR &5 ETH
5.0 5 i #atEe FRCEA L, HR %
0.2, 0.5mg/kg THEHA L1-. SVR, HR
1% 5 4 DAREREE R0 & e e b % 25,
REfEC b LT AR B RS hi. CO,
PCWP 134%5. 5 /e R Ardkc i inie L =

TIEBERELZ By, 0.2, 0.5 mg/kg
TRHEET AN E B E R L, 300E%bLEE
TR RE S hoic.

X 4 ¢+ nifedipine ¢ 0.01, 0.02, 0.05mg/kg
5D 55, 1045, 2047, 300 HIC R L6
BhLicb0THS. MAP, SVR £ 58D
5 MBI FCE B BEKFEOE T L
WA A Btz 57 RRRERE & &b mE
BB 50, BEREDHEREI .
HR 3l ofb5&TLARREL owh, CO,
PCWP ixEkfFdicmL .. LV dp/dt max
(% 0.01, 0.02mg/kg TIIHEERLZ/LITA SR
U3, 0.05 mg/kg CUERMELIRRE & e BB
L.

F1LILEE FABRED ME T % X734 vera-
pamil 0.25mg/kg, diltiazem 0.5 mg/kg, nife-
dipine 0.01 mg/kg # 510 %13 BB B ORIE
w3 A2 bR% g Lcb oThsb. MAP
1% verapamil ¥5.5 /)#%1214.2%, nifedipine #

H1#. LV dp/dtmax o 54+#i% 0.1mg/kg 5030/ #%1215.3% DA & e - 1. HR 1 ve-
Nifedipine
cC CL30 5 10 20 30 min C CL30 5 10 20 30 min
A B L N .Y — B '} A A a
3.0 *
110 r :
100§ 2.
o * o
*
<t oo 2 SE2
* -
sof x - 1.
-
%
706 1.
140 1
E oo
[s 2
T2 130 — UE 8l
o o
Qo
120 6 i i T i i
6000 2000
© 5000 x 18
O ® O
| “%’,
> 34000 S 16
»p gt
2 >E
23000 2 71400
2000 1200

4 Changes of hemodynamic variables after nifedipine administrations

OC—0O 0.0l mg/kg, @---@ 0.02mg/kg, A—/ 0.05mg/kg

* indicates significant difference compared to control value,
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%1 Percent changes of hemodynamic variables
at equihypotensive doses of verapamil,
diltiazem, and nifedipine

Verapamil  Diltiazem Nifedipine
(0.25 mg/kg) (0.5 mg/kg) (0.0 mg/kg)

MAP —14.5+3.4% —14.244.0% —15.3+3.8*
HR —9+3.4% —8.843.6% 1.7+4.1
SVR —20.346.6% —42.54+4.4% —17+5.9*
co 11.545.9% 58.646.9% 10.9+5.3*
PCWP 44.845.6% 27.345.6% 5.745.5
sV 95.346.6*  74+6.5%* 10.3+5.3*
LVSWI 3.246.3 39.445.7% —8.6%5.0
LV dp/dt  _y37+4.6* 18.745.8%  14+5.6*

* significant difference from control

%2 Changes of catecholamine values after thirty
minutes of verapamil, diltiazem, or nifedipine

administrations
Adrenalin  Noradrenalin
(pg/ml) (pg/ml)
Verapamil
control 176.2+14.6 159.6+ 5.6

coronary ligation 30 min  89.84+18.0*% 127.4+ 15.3

0.05 mg/kg 30 min 59.0+14.1*%§ 140.4+ 18.0

0.1 mg/kg 30 min 53.8+12.7*§ 122.0+ 20.8

0,25 mg/kg 30 min 40.8+ 9.4*§136.4+ 33.2

Diltiazem

control 207.4+14.1 188.6% 37.1

coronary ligation 30 min 126.6+14.4* 153.2+ 13.6

0.1 mg/kg 30 min 87.6+15.0*§ 160.6+ 25.2

0.2 mg/kg 30 min 66.6+12.4%§ 138.4+ 20.7

0.5 mg/kg 30 min 45.6+11.0%§ 139.7+ 20.5

Nifedipine

control 177.5+19.5 155.8+ 31.4

coronary ligation 30 min 117.0+18.1% 151.0+ 32.3

0,01 mg/kg 30 min 97.8+13.1*% 167.3+ 34.0

0,02 mg/kg 30 min 98.0+21.2* 298.8+ 94.0%*
0.05 mg/kg 30 min 109.3+£27.6 475.8+123.8*

* Significant difference compared to control value.
§ Significant different compared to ligation value.

rapamil, diltiazem 12+ ZFh 9 %, 8.8% WA 3
%%, nifedipine TIX1.7% DEMAZH BT,

LV dp/dt max ¥ verapamil Ti313.7% 43 %
43, diltiazem, nifedipine Tz +h Fh18.7%, 14
% OHEINT B - 1o, Diltiazem |} verapamil, ni-fe
dipire i lt#Z L SVR o4y, CO, SV, LVSWI
DWMHAZEHTH -7, RVSWI 13 diltiazem,

nifedipine T3 % R{E D140 % H L 7=,

TEIRGEIR R L O H Lo AP 5 H O
MEEH T2 —17 I AHOZLLXER2 1T £ & D
2. 7R v ) VAEERERBEERCET TS
75, verapamil, diltiazem 51X ) X HicE
OB ERIEK T2~ L1z, —J, nifedipine %
T RN vF ) VIZRES A bBRIsw, s T F
v ) vidERA ERERE R L, 0.02 mg/
kg # 5Ll ECcixftat e B EAER R L,

3. EE=:

Verapamil 0.05mg/kg #45 Tt MAP, SVR
DWW CO 13 L, LV dp/dt max 3,
FEfEltm & e 3%, 0.1 mg/kg O 5D
BB ATNIT S bici L CO 3#nd 2%,
HR, LV dp/dt max 13§ HEZ~T. RAES
0 0.25mg/kg <13 PCWP 13 LH3 %2 CO
AR5 ERINE RS T, 30 TR fE
TS, ZoZ &, Verapamil 0.05~0.1
mg/kg DEETXI OEYDOET B LI
T, FEEfEERMEINERET S 2 Sixiel,
KHEMAEILRC X b BAMEERL, OF v 7
BT s 2y, 0.25mg/kg Ic/e b & O
fatk, BECEEIMEIEIND Z LAVRD IR,
—7, diltiazem, nifedipine |3 verapamil & |35
7t b, ERAHECREMAE LR X ) RAM TR
WL THIRBR A EA L, OFEY 7L RS
7. i LV dp/dtmax [3ii% & i BEEIC
#inL, HR (% nifedipine C#HmLtcz & X b,
diltiazem, nifedipine D4 > & D), ZFREEhHE
VORI A IRER I £F 5 SUGHERS PR IR X D
MBI o LRI S 5, Nifedipine #5.1c
IBIMEH T2 -7 I vOB{ULs e EST
TWa EHEEh%, Thbb7 Frry vidit
BAEDBD BRI, /AT Frr) vk
HFHCHEINLTE Y, ZRRMEETes LTE
TGN X 0 R ARED AR L, SRR
WL D AT F U Y VAEERES T ORI
PRI fcb D EEZBRS.

B vy AR, MR kTS h vy
AF 4 VEAEBLTOI A Y AOHIEHA~D
MAEZIEIT S & &2 & MEFiHmE, O
HEPEENH, RS EI C o BE BEIER X OB EGE
Z I35 -8 Verapamil % diltiazem, nife-
dipine 1 lbNBFREEEMHIL R S50 <1, DI
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b, O Y SRR ETREMS L <R
T, SBETIHEFI®B?®. —F, nifedipine
VLM B HE IR R N ORI R E R A e B
ThHlHLEY TEEYTTESELY. SBICH
R R R AR X 0 ADZET), ERRIIM
mEh, bLAHEmE 5, Diltiazem DEH
1% verapamil, nifedipine o dRIFyRhRE R L,
OFENE, Off, O v FERRIEEN, A
LXFXEFTHAHDO, WAMMIEL L2 T A
oM IEAC > W Tk, Kapur 5701
verapamil & -~ &t v O UIERRIC BRI THIIE
F% b U, verapamil (3 Bk AFHIC DAL
A T B WA LT\ 5. Kates B'P4 ve-
rapamil & A v 7 L L /oW TRBRD BT A #
L C\w5%. —7, Tosone Bk mtv1%

& 2 Y D4 & nifedipine 10 pg/kg ZH 5L,
1 %O, OHERESEMT 5, 25T
BT A & XD, HEHEEC XY nifedipine
DUEBRORIEH RIS EHELTV5. 40
DEBITEER T » & v /ESHBEOS & T 2%
OLGEMNAFELICEEEAEL, ALy T A
HEHEOBENLBERAC LD X SIMERT L0
BBt b DTHHN, BEFENLORE E—FT
H5LDTH5.

O I & R T 0 O BR R BUE AR TR
122\~ T Brand & Lowenstein?® [k Hf 4 O #H
AN D ek VR MOTTIICR L TD
WEARTAL T v A hE S8 5 oD LR
AxETH ESh T 5. 4RO 2O IMm30
HTIXOLAE Y THERBIREE S e - 1edy, Th
13 Hickey B ORfiE—&KT 2. Tihbbh, H
B 1 %~ 7t v BT B IR ZC B F R
Fpsg Ui B & S R IE D40 & T & £ 723047
#%Th, EOBEOK TS b\, LivL
e B, Merin 52037 2 #H\T0.5% = t
VIR T B EE60 %K F S8 230 0 & T
i, OHHE, —EHEEOET, LVEDP o
MEBEDHTWE, Licdhi-T, BE%E TIREIR
DIRAEIRAL IS L O, HRIEE R L2 EET D
PERSDH EBHLNS.

MO HET D &, TORWRIET
VSRR AT S, Ofilay ATP oL %
325, ATP o ictbwfihakc ks »
N AOEY ALK, flaSAND AT A DHE

MrElE s, £7:, Na-K #anEE I g
ZE X MBS T ADGERNCIRAT S .
DB D 7 v > 7 2ORFIE A AR ) R — e
EANREFR  EERC L TR O R 15 % B 8
L, 3 +av Py 7EEELLY Loy XL
Mg bic X5 ATP pEA%EETEY. —)
B e RE e 5 MBI 7 > N — o Al A < /N
Jatkicks T B vy AOBRMBEX KT 51
DI DLFIRFEEOREEN R 5 &b LWibh 52,
Hov ey SETEESEIM OS2 #E L, RS
WA S LEFR L) RIBMEIRRIC X 5 8®ATM
DRI & DTN DR O FR R B B % K
TE¥HTE, 2) BOEREELRIEZ LR
IR U R I AT R e 9 00 & 8 g it~ o if it e 3 n
THW W, 3) BRI 5 AR 7o DA ~
DANYY AJACK LTI b= VY 7HEY
it L, ATPase jFM:% MH L COMRHBEEA
MK 22, mErEZbhTHWS.
s e

W AFRIEE D o~ v 2 v O DIEFRRIC FUE 2
X< mph Tk b, BEEM, ORI
PO JRfEE T o BB GRS L O FE{mEN
(7 i s Rl RN 0 & (L A K [ - 5 A b i =
WCHER S T 7o, MR L AR
AHNHEEO3 Nk D vy AHD GAK
FEO2EFIc e v A ENE LTHER S AT
L. Lo T, ety bhryy aikiisgs
R MO R UCRIRFIC iR 3% &, Ao A
BB I ALY AF 4+ VR AN LTOM
vy ABEOWATERE D, OIIE
PEOMEILRHER I D i 55, FHH O —
Ao RO % JH T verapamil, diltia-
zem, nifedipine O W E B L v r 1y, = v
7 v v ARG ks U B O I A BuE 34
HpR A B L, HfEH5s XORR#EL L bic
BRI OHIEEI 2 s =305, [FRRS
IV B DA AR HIE  nifedipine THERR S
A EEWELLY. LhLikhd, sAvy
AEPIEOF L@ A EIL  verapamil 150 pg/kg,
diltiazen 70~150 pg/kg, nifedipine 5~15 ug/kg
EERY, ZORERTRSEDOERN LI L
v AEEOR T ADET, ERIEASHEES
haZ &ixfe<, nifedipine T3 GHECREHFE
BRI OO LA LHNMEITETS. S bic
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BAMOBBILLAE Y 7HEL B Ihs Z &%
EBETHE, e VRO SO LR
LT, verapamil, diltiazem, nifedipine 73 D%
5, BERERAEHEISELC Lk, BKTO
FRTFELY 2D EELD.

Verapamil, diltiazem, nifedipire |3 #7c% % /),
BRHERAZR L, BRKMCEREAEREY LS &
XX MBR TV A, i mOfic & LT
FeRTAG -~ 7 v AL O, DI, BER D
XoTREShB 120, ThZhoORTEHIE
TR HES D EDFE LS. Lichi
T, 3FHOH vy v AFEYEEEY ARECmET
B foRiET, Thrthod), ERfEH% T
BR3HZ ENEELEbLIRS. 155 HHROMET
f A X 7o L7-IKkBET o> verapamil, nifed pine
KIS Nakaya 5%, Urguhart 539 0 s &3
F—%% L. Fhebb, Nakaya SHIXEERIC
verapamil 250 pg/kg, diltiazem 200 pg/kg, nife-
dipine 50 ug/kg % #5 L T10% Rt FImEL
KT LICREE DL b, Thrthod)), ER)
BA s LT\ 5. Verapamil (3 LV dp/dt max
L HE X h, nifedipine 1Z.0%, LV dp/
dtmax & 4 i3 % . Diltiazem T2 HDJ
GRS Hiview. Urquhart HixEEERIC Stk
DML, FEOBRELYHEL W5,
B AFRIESE L o[ R I WL Tix, Kates 540
REED 72T 1 MAC ~w -t vHE Ficit
h BREHD v v AEHEIC X D M E%30
GAET S icREET mfT IR & iR g LT
% . Verapanil, diltiazem 3475 I B HE HL DK
T Lo b OMERET XD MEMETT 50
nifedipine (3£ RIFMAEPTIOME T X D AR
EFT5. LanLich b, Kates HOBAEIZ30%
MEE P2 AT 5 T bRKA L EE L D RED
verapamil, diltiazem 2MEH I THDH, FHRE
L C O IHEREIE]L  OF v 7 BRRIK T 2 & ik
Lzt Bbhd. SE0pHEET diltazem | vera-
pamil, nifedip'ne 1 Hlz U -C 4 AHMY i 5 S HLoo 8
Vui43% LFEWTH H, OfatE, —EHHE,
JeO—BERRRMbO 2% X 0 FEHcHEMmL Tw
%, B Gz it % diltiazem o FRIFIEILE
YL nifedipine, verapamil X b g5\ nd, FLE
3 DG CILL diltiazem 0.25 mg/kg #~wm 4 v
ERRE ST % LR MEILRERIHEM S h

W,

SEOFBILIEFE R OEEEFT 54 21 e
vV /ELHKEED b LT aM ORI A BE L,
e ER Yy MEFEOMERRCRIET
MR A Lich D TH D, ZHREEERR
W TIEDDH Z LIRS . LTI
KT LT 5 BHELRZEMEROME 25 H 5 5
&, LG EY T ey 7 TBEREIHL D
B, OIIEEIE, LR TEREBIK T K
LT 2 aetEn 5 5. F5E, - EKEDO = 7
7/ v — L CRIJLE T % & nifedipine 4
SRR EA X & L, verapamil oL
HEEIE IR & 5, Chew BV (XERH /-
MELLET LTwie b, BIREARE A 20
mmHg Ll o fE#Fic verapamil #4535 &0
Kot ikR+s & L, verapamil 5z & 53
e ik, BEZ = 27b @ ShTnao?,
Maze H* |} verapamil (AL 27 AF 4 ¥V F N
PR ChSF P T AF 4w VEALREAL T =
v MAC %25 %A sS85z v, TR
TS EEEIOMERDHD L E2EELT
\v% . Nifedipine & & OESENBEE S T2 8
Fre b5+ n &, MKE OREYERLY, B
WREEE D413 nifedipine ¢ kB AR AR R
DIEDME T4 %1 . % 7, nifedipine I X % K
MAERRIEA S RARBIEC X D RS hEFELL
MEETFEZHRE, gnELEdcid, e -H
MEDERE S E T X5 EhRELHD. Lich
> T, BIEREA SRR R R It LT ORER
EAME T LT 5 HECHAREEE Loy A
Y A T88 1, WMARESEOREC
hovy AEEFERO SR, 5 E, REREE D
BRADOEGNLERRECEROL LiefTo 2 &
HFE LS.

4. HERE

FHDA REH T e+ v/ LK T I &
MWOGRMAEERE, sy skl ETH D
verapamil (V), diltiazem (D), nifedine (N) ®.(»
BB RIC BE TERA 2 et L, LUF o5 R %
{37z,

1. VdgEFgcramE MAP) % 4~15
%, ZFBIMEES (SVR) %#19~23%, O
(HR) # 2~9 % rchZhiEd 3w, LHlE
(CO), MBIRERAE (PCWP) (IxifEfEick L T
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0.05 mg/kg Ti%20%, 9%, 0.1mg/kg Ti321
%, 10%chnzhmLic. 0.25mg/kg Tk
PCWP z2ipnd 2%, CO 3A4%, LV dp/
dt max 1L LTz,

2. DXz MAP, HR oZ{hizV LAkET
Hothy, EEAHEED 0.5mg/kg T4 CO,
LV dp/dt max T3 7z.

3. Nix MAP #15~35%, HR % 4 ~ 9 %#4
mL, CO, LV dp/dtmax % D &Rk B&kfF
PRICHEIN L 7.

4, 2O LV Ok Kt 5 8 % R
X, ~ewvEhrvy sfEREOREERILA
DR TS ¥ 5.

(Frzdehich, RPFRCEH DA
2, dEHERFERAR IR R EERE, H
I O O G L B 4, ¥, KHixo
BEILEBST[E A RSB SR BT\ TR E L
12)

X ik

1) Eger, E. L I, Smith, N. T,, Cullen, D. ], et al.:
Acomparison of cardiovascular effects of halo-
thane, fluroxene, ether and cyclopropane in man:
A Resume. Anesthesiology 34 : 25-41, 1971.

2) W4 B, —UAE, TS REAUZH « Halothane/
N;O $X 0" enflurane/N,O Jffte> PEP, LVET
W RIET BRI 2T : 578-583, 1978.

3) | 5, HEEXA, —WIREED  WARENC 3
% H R MR ETIEE o O R Bus 38—k
BUMAYITERIC X % FFil—RE: 27 : 947-953, 1978.

4) Hickey, R.F., Eger, E L IL: Circulatory phar-

macology of inhaled anesthetics, in “Anesthesia”

edited by Miller R. D., New York, Churchill Liv-

ingstone, pp. 331-348, 198l.

Braunwald, E.: Mechanism of action of slow-

channel blocking agents. N. Eng, J.M. 307 :

1618-1627, 1981.

Singh, B. N., Hecht, H. S., Nademonee, K., et al.:

Electro-physiologic and hemodynamic effects of

slow-channel blocking drugs. Prog Cardiovasc Dis

25 : 103-132, 1982.

7) Reves, ]. G, Kissin, L, Lell, W. A, et al.: Calcium

entry blockers: Uses and indication for anes-

thesiologists. Anesthesiology 57 : 504-518, 1982.

Stone, P. H., Artman, E. M., Muller, J.E,, et al.:

Calcium channel blocking agents in the treatment

of cardiovascular disorders. Part II: Hemodynamic

effects and clinical applicatins. Ann Intern Med

93 : 886-904, 1980.

5

~

6

~—

8

~

9) fPHEBEK | MAKRBIEL 5 v oy AFEFIEIROOHIR
fiatkic BoE THEIER, TRERMHIE 5 : 367-378,
1984 .

10) Taira, N.: Effects of diltiazem and other calcium-
antagonists on cardiac functions and coronary
blood flow assessed in blood-perfused dog-heart
preparations. In Diltiazem Hakone Symposium,
New drug therapy with a calcium antagonist,
edited by R.J. Bing. Amsterdam Excerpte Medica,
pp. 91-105, 1982,

11) Millard, R. W., Grupp, G., Grupp, L.L., et al:
Chronotropic, inotropic and vasodilator actions
of diitiazem, nifedipine and verapamil. Circ Res
52 (Suppll) : 29-39, 1983.

12) Mangiardi, L. M., Hariman, R. J., McAllister, R. G.

Jr., et al.: Electrophysiologic and hemodynamic

effects of verapamil-correlation with plasma drug

concentration, Circulation 57 : 366-372, 1978.

Fleckenstein, A.: Specific pharmacology of calci-

um in myocardium, cardiac pacemakers, and

vascular smooth muscle, Ann Rev Pharmacol

Toxicol 17 : 149-166, 1977.

14) Gross, R., Kirchheim, H., Olshausen, K.: Effects
of nifedipine on coronary and systemic hemody-
namics in the conscious dog. Arznein Forsch 29.
1361-1368, 1979.

15) Flaim, S.F., Zelis, R.: Effects of diltiazem on
total cardiac output distribution in conscious rats.
J. Pharmacol Exp Ther 222 : 359-366, 1982.

16) Bourassa, M.G,, Cote, P., Theroux, P., et al.:
Hemodynamics and coronary flow [following
diltiazem administration in anesthetized dogs and
humans. Chest 78 (Suppl) : 224-230, 1980.

17) Kapur, P. A., Flacke, W. E.: Epinephrine-induced
arrhythmias and cardiovascular function after
verapamil during halothane anesthesia in teh dog.
Anesthesiology 55 : 218-225, 1981.

18) Kates, R. A, Kapalan, J. A., Guyton, R.A., et
al.: Hemodynamic interactions of verapamil and
isoflurane. Anesthesiology 59 : 132-138, 1983.

19) Tosone, S.R., Reves, J.G., Kissin, I, et al.:
Hemodynamic responses to nifedipine in dogs
anesthetized with halothane. Anesth Analg 62 :
903-908, 1983.

20) Brand, J.H.L, Lowenstein, E.: Halothane-in-
duced decrease in experimental myocardial is-
chemia in the non-failing canine heart. Anes-
thesiology 45 : 287-293, 1976.

21) Verrier, E. D., Edelist, G., Consigny, P. M., et al.:
Greater coronary vascular reserve in dogs Anes-
thesiology 53 : 445-459, 1980.

22) Smith, G., Rogers, K., Thorburn, J.: Halothane
improves thz balance of oxygen supply to demand
in acute experimental myocardial ischemia. Br.
J. Anesth 52 : 577-583, 1980.

23) Hickey, R. F., Verrier, E. D., Baer, R. W, et al.:
A canine model of acute coronary artery stenosis:
Effects of deliberate hypotension. Anesthesiology
59 : 226-236, 1983.

~

13

Presented by Medical*Online



eV /RGBT, AR OIE RGBT % Ca BHIEED LIRS Bus T 463

24) Merin, R. G., Verdouw, P.D., Jong, J. W.: Myo-
cardial function and metabolic responses to is-
chemia in swine during halothane and fentanyl
anesthesia. Anesthesiology 56 : 84-92, 1982.

25) Cobbe, S.M., Poole-Wilson, P. A.: The time of
onset and severity of acidosis in myocardial
infarction. J. Mol Cell Cardiol 12 : 745-760, 1980.

26) Weintraub, W.S,, Hattori, S., Agarwal, 1. B, et
al.: The effects of nifedipine on myocardial blood
flow and contraction during ischemia in the dog.
Circulation 65 : 49-53, 1982.

27) Millard, R. W.: Changes in cardiac mechanics
and coronary blood flow of regional ischemic
porcine myocardium induced by diltiazem. Chest
78 (Suppl) : 193-199., 1978.

28) Franklin, S., Millard, R. W., Nago, T.: Responses
of coronary collateral flow and dependent myo-
cardial mechanical function to the calcium an-
tagonist, diltiazem Chest 78 : 200-209, 1980.

29) Weishaar, R., Ashikawa, K., Bing, R.J.: Effects
of diltiazem, a calcium antagonist on myocardial
ischemia. Am. J. Cardiol 43 : 1137-1143, 1979.

30) B (5 AT ASREEED O O IR BUE 3
M ] EWOCT 08, FRE: 25 402-
413, 1974.

31) Bosnjak, Z.J., Kampine, J.P.: Effects of halo-
thane, enflurane, and isoflurane on the S. A. node.
Anesthesiology 58 : 314-321, 1983.

32) Atlee, J.L. IIL, Alexander, S.C.: Halothane ef-
fects on conductivity of the A.V. node and His-
Purkinje system in the dog. Anesth Analg 56 :
378-386, 1977.

33) Lynch, C., Vogd, S., Sperelakis, N.: Halothane
depression of myocardial slow channel potentials,
Anesthesiology 55 : 360-368, 1981.

34) Price, H.L., Ohnishi, S. T.: Effects of anesthetics
on the heart. Fed Proc 39 : 1574-1579, 1980.

35) Su, J. Y., Glenn, W., Kerrick, : Effects of halothane
on caffeine-induced tention transients in function-

ally skinned myocardial fibers, Pfugers Arch 380 :
29-34, 1980.

36) Henry, P. D.: Comparative pharmacology of cal-
cium antagonists, nifedipine, verapamil, and dil-
tiazem. Am. J. Cardiol 46 : 1047-105&, 1980.

37) Nakaya, H., Schwartz, A., Millard, W.: Reflex

chronotropic and inotropic effects of calcium

channel-blocking agents in conscious dogs. Circ

Res 52 : 302-311, 1983,

Urquhart, J., Patterson, R.E., Bacharach, S.L,

et al.: Comparative effects of verapamil, diltiazem

and nifedipine on hemodynamics and left ven-
tricular function during acute myocardial ischemia

in dogs. Circulation 69 : 382-390, 1984.

39) Kates, R. A., Zaggy, A.P., Norfleet, E. A, et al.:
Comparative cardiovascular effects of verapamil,
nifedipine, and diltiazem during halothane anes-
thesia in swine. Anesthesiology 61 : 10-18, 1984.

40) Chew, C.Y.C, Heart, H.S., Collett, J. T.: In-
fiuence of severity of ventricular dysfunction on
hemodynamic responses to intravenous adminis-
tered verapamil in ischemic heart disease. Am.
J. Cardiol 47 : 917-922, 1981.

41) Mitchell, L.B., Schroeder, J. S., Mason, J. W.-
Comparative clinical electrophysiological effects of
diltiazem, verapamil and nifedipine, A review.
Am. J. Cardiol 49 : 629-635, 1982.

42) Kawai, C,, Konishi, T. Matsuya, E., et al.-
Comparative effects of three calcium antagonists,
diltiazem, verapamil, nifedipine on the sinostrial
and atrioventricular nodes. Experimental and clin-
ical studies. Circulation 63 : 1035-1042, 1981.

43) Maze, M., Mason, D.M. Jr., Kates, R. E.- Vera-
pamil decreases MAC for halothane in dogs.
Anesthesiology 59 : 327-329, 1983.

44) Packer, M. Meller, J., Medina, N., et al.- Hemo-
dynamic consequences of combined beta-adren-
ergic and slow calcium channel blockade in man.
Circulation 65 : 660-668, 1982.

~

38

Presented by Medical*Online



464 B B OBl # 5% H45 (1984)

Comparative hemodynamic effects of verapamil, diltiazem and nifedipine
in acute myocardial ischemia in dogs during halothane/N,0 anesthesia.

Fusazo Nakata* and Osamu Kemmotsu**

* Department of Anesthesiology, Kitasato University School of Medicine

1-15-1, Kitasato, Sagamihara-City, Kanagawa 228

** Department of Anesthesiology, Toho University School of Medicine
6-11-1, Omori-Nishi, Ota-Ku, Tokyo 143

Comparative hemodynamic effects of three
calcium entry blockers, verapamil (V), diltiazem
(D) and nifedipine (N) in acute myocardial
ischemia during halothane/N,O anesthesia were
evaluated in 29 mongrel dogs. Serum cathecho-
amine levels were examined at 30 min after
each administration of three calcium entry
blockers by the method of high-performance
liquid chromatography. Myocardial ischemia
was produced by ligation of the left anterior
descending coronary artery. Three different
i.v. doses (mg/kg) of V (0.05, 0.1, 0.25), D
(0.1, 0.2, 0.5) or N (0.01, 0.02, 0.05) were
used. Each dose was administered at 30 min
intervals. V reduced systemic vascular resist-
ance (SVR) by 19-23%, mean arterial pressure
(MAP) by 4-15% and heart rate (HR) by 2-
9%, dose-dependently. Percent increases in car-
diac output (CO) and pulmonary capillary
wegde pressure (PCWP) were 20 and 9 by
0.05 mg/kg, and 21 and 10 by 0.01 mg/kg,
respectively. CO was unchanged and LV dp/

dt max was slightly reduced with increased

PCWP by 0.25mg/kg. Although changes in
MAP, HR and PCWP by D were similar to
those of V, CO and LV dp/dt max were in-
creased by the highest dose. N decreased MAP
by 13-35% and increased HR by 4-9%. How-
ever, changes of CO and LV dp/dt max were
similar to those of D. Plasma adrenalin levels
were significantly decreased by coronary ligation
while noradrenalin levels were not changed.
Both verapamil and diltiazem significantly de-
creased adrenalin further, but nifedipine did
not. Although no changes in noradrenalin lev-
els by verapamil and diltiazem, nifedipine in-
creased the levels significantly. Mechanism of
changes of cathecholamine levels by calcium
entry blockers was not clear by this study.
Our results may indicate that calcium entry
blockers for acute myocardial ischemia during
halothane/N,O anesthesia augument left ven-
tricular function except the high dose of V, and
that use of these agents during anesthesia could

be safe.
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