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ABSTRACT It is well known that coronary collateral flow is one of the important determinants of
myocardial infarct size, lethal arrhythmia, cardiac function and prognosis after coronary occlusion,
and that improved coronary collateral flow is a meritorious therapeutic goal. However, a paucity of
data have been reported regarding the influences of hemodynamic and neural factors on collateral flow
in situ.

Therefore, this study was designed to evaluate the quantitative effects of heart rate (HR), systemic
blood pressure (BP), left ventricular end-diastolic pressure (LVEDP) and cardiac sympathetic nerve
stimulation (SNSt) on coronary collateral flow. _

The left anterior descending coronary artery (LAD) was cannulated and perfused from the left
carotid artery in 23 anesthetized open-chest dogs. A side branch went into a small graduated eylinder
for measurement of retrograde flowing blood (RF) from the distal LAD.

A polyethylene T type tube connected with a reservoir was inserted into the thoracic aorta to change
and/or stabilize the BP for desired levels. i

Twenty minutes after completion of the preparation, ECG, BP, LVEDP, coronary blood flow and
coronary arterial pressure were recorded under the control perfused condition. And then, the per-
fusion line from the left carotid artery was clamped on, and after measuring peripheral coronary
pressure (PCP), the side branch was clamped off for collecting the RF.

Coronary collateral flow (CCF) was measured using modified load line analysis, CCF=RF (1.61-

Abbreviations

HR . heart rate CBF : coronary blood flow

mBP . mean systemic blood pressure CCF  : coronary collateral flow

LVEDP : left ventricular end-diastolic pressure mPCP : mean peripheral coronary pressure

max dP/dt : maximum value of the derivation of the CCVR : coronary collateral vascular resistance
left ventricular pressure RF . retrograde flow

LAD . left anterior descending coronary artery SNSt : cardiac sympathetic nerve stimulation
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mPCP/0.8 mBP).

HLERERRE

After complete recovery, the above protocol was repeated with a change of HR, BP, LVEDP and

cardiac sympathetic tone, independently.

In 8 dogs, HR was decreased from 145.0+3.3 to 111.31+3.9 bpm by electrical vagal stimulation, and
increased to 195.7+6.4 bpm by right atrial pacing. CCF was not significantly affected by the change in

HR.

Pentobarhital sodium was infused into the left main coronary artery to elevate a desired LVEDP in
7 dogs. The mean LVEDP value was 5.9+1.3mmHg before infusion and 10.8+1.5 mmHg after
pentobarbital sodium administration. CCF significantly decreased after pentobarbital sodium, and had

a negative correlation with LVEDP.

In 8 dogs, blood pressure was re_duced by lowering the blood reservoir level, and elevated by raising
it. CCF decreased parallel with lowering BP, and increased with rising BP. A positive relationship

was observed between BP and CCF.

The anterior ansa of left stellate ganglion was electrically stimulated by 4Hz, 10V, 2msec duration

(SNSt) to reveal the effect of cardiac sympathetic tone on coronary collateral circulation in 8 dogs.
SNSt significantly increased CCF independent of the change of HR, BP and LVEDP.
From these results, it is suggested that coronary collateral circulation, in situ, is affected by change

in BP, LVEDP and sympathetic tone in acute coronary occlusion.
(Received October 5, 1988 and accepted October 21, 1988)
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Fig. 1 Schematic representation of the experimental models.
The left anterior descending artery (LAD) is cannulated and perfused from the left carotid artery when the
site X in the circuit is open and the side branch Y is closed. LAD is occluded by clamping the circuit at the
site X and the retrograde flow is measured if Y is open during LAD occlusion.
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Table 1 Effects of heart rate on systemic and covonary hemodynamics in the anesthetized open-chest

dogs (n=8).

HR : heart rate, mBP : mean blood pressure, LVEDP : left wventricular end-diastolic
pressure, CBF : covonary blood flow, mPCP : mean. peripheral covonary pressuve, RF :
retrograde flow, CCF : covonary collateral flow.

ischemia
Control

basal HR low HR high HR
HR (bpm) 130.0+8.9 145.0+3.3 111.3+3.9** 195.7+6.4**
mBP (mmHg) 90.5+3.3 82.3£7.1 76.3+6.8 75.0%£5.7
LVEDP (mmHg) 5.0+2.3 4.0+1.8 4.3+£1.7 4.3+1.7
CBF (m!/min) 15.2£3.9 — - -
mPCP (mmHg) N.D. 21.8£4.7 24.0%+3.7 23.3%£5.0
RF (m!/min) N.D. 5.3+0.8 4.940.8 4.8+0.8
CCF (m!/min) N.D. 6.5+1.0 5.9+1.0 5.6+1.0

N. D.: not determined,

#: p<0.05 vs control,

% 1 p<(.01 vs basal.
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Fig. 2 Effects of heart rate on retrograde flow and
coronary collateral flow in the anesthetized
open-chest dogs (n=8).

HR : heart rate, RF: retrograde flow
CCF : coronary collateral flow

86.2+9.2mmHg, LVEDP %7.0+1.6 mmHg,
max dP/dt 1% 2,167+418 mmHg/sec, CBF 11 14.6+
2.4ml/min THh - 7.

Pentobarbital sodium FE# 58 DX R MHHIZ 3,
HR130.2%+12.1bpm, mBP83.2+12.8 mmHg,

Table 2 Effects of left ventricular end-diastolic pressuve (LVEDP) on systemic and coronary

hemodynamics (n=T7).

max dP/dt : maximum value of the devivation of the left vemtricular pressuve.

abbreviations arve referved to Table 1.

Other

ischemia
Control

basal LVEDP elevated LVEDP
HR (bpm) 127.2+ 10.4 130.2+ 12.1 123.8+ 9.9
mBP (mmHg) 8.2t 9.2 83.2% 12.8 82.2+ 11.1
LVEDP (mmHg) 7.0 1.6 5.9% 1.3 10.8+ 1.5*
max dP/dt (mmHg/sec) 2167 418 1933 +491 1943 502
CBF (m!/min) 14.6+ 2.4 — —
mPCP (mmHg) N.D. 26.2+ 4.2 25.2+ 3.3
RF (m!/min) N.D. 5.3 1.0 4.0+ 0.8*
CCF (m!/min) N.D. 6.1+ 1.1 4.8+ 0.9"

N.D.: not determined,

% : p<0.05 vs basal.
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Fig. 4 Effects of LVEDP on retrograde flow and coro-

nary collateral flow as shown in mean value of
7 experimental animals.

LVEDP : left ventricular end-diastolic pressure
RF : retrograde flow

CCF': coronary collateral flow
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Table 3 Effects of blood pressure on systemic and covonary hemodynamics (n=8). Abbreviations
are veferved to Table 1 and 2.
ischemia
Control
basal BP low BP high BP

HR (bpm) 142.5+ 20.4 137.7t 11.9 119.4£ 11.9 129.2+ 17.1
mBP (mmHg) 84.8= 5.9 87.4+ 5.5 50.1+ 4.6*7 103.2+ 3.1**
LVEDP (mmHg) 4.4 0.8 8.3+ 1.7 4.1+ 1.6* 6.5+ 2.0
max dP/dt (mmHg/sec) 3725 541 2937 £173 1888 +171 ** 2910 =291
CBF (m!/min) 19.8+ 2.4 — — —
mPCP (mmHg) N.D. 19.7 3.1 12.9+ 1.4% 22.1x 2.1
RF (m!/min) N.D. 5.1+ 1.5 2.9t 0.8 8.4+ 1.9*
CCF (m!/min) N.D. 6.6 2.0 3.6t 0.9" 11.0+ 2.4*

N.D.: not determined, #: p<0.05 vs control,

mmHg EBEMPO T L vV EE p<0.05) ik
LR, MoLnfTERCIBE Y2 ot L
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7. ThBLOZEMMERRTHIEFig. 5 ol e 5.
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Fig. 5 Effects of blood pressure on retrograde flow and
coronary collateral flow (n=8).
BP: blood pressure, RF: retrograde flow
CCF : coronary collateral flow

% 1 p<0.05 vs basal.
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Table 4 Effects of cardiac sympathetic nevve stimulation (SNSt) on systemic and coronary

hemodynamics (n=8).

Abbreviations are veferred to Table 1 and 2.

ischemia
Control
SNSt (—) SNSt (+)

HR (bpm) 142.54 20.4 133.3+ 11.2 134.4% 12.4
mBP (mmHg) 84.8+ 5.9 85.94 5.0 86.9+ 4.8
LVEDP (mmHg) 4.4+ 0.8 8.0+ 1.5 7.9 1.5
max dP/dt (mmHg/sec) 3725 +541* 2695 £207° 3333  +=401*
CBF (m!/min) 19.8+ 2.4 — —
mPCP (mmHg) N.D. 18.9+ 2.8 19.3x 2.8
RF (m!/min) N.D. 4.8+ 1.4 6.1+ 1.7*
CCF (m!/min) N.D. 6.2+ 1.8 7.7+ 2.1*

N.D.: not determined, #: p<{0.05 vs control,
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Fig. 6 Effects of cardiac sympathetic nerve stimula-
tion on retrograde flow in each experimental
animal (n=8).

SNSt: cardiac sympathetic nerve stimulation ;
electrical stimulation of the left stellate gan-
glion by 4 Hz, 10 V, 2 msec duration.
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Fig. 7 Effects of cardiac sympathetic nerve stimula-
tion on retrograde flow and coronary collateral
flow (n=38).

RF : retrograde flow
CCF: coronary collateral flow
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4.1 CCF OHEIEx

BRI ERAIEITER A FHE T % & & 3B TEL <,
F O L EBICERIT RICES b 0rse9 gy
AETHD., LL, T0X5CL CFHHlX -5 E
EIfETRi=d, TEIIR bypass fiih@ PCP, RF 7t&inb
FHAl 2 hic CCF e X {—% 759, HEIREMET
131.100~200 pm DT o MBI ME IRHE TSI, H
O CCF &Rl 275\ 1®, 7ol OB EMmE LS. il
77, Btk CCF ofIEE L LCEERNEA=Y + 5
A b= =, xenon PELH U EIRRER?Y 3R d &
BB, FEOBEMEZ L, BbhiEDEHES
BN SR, REAVCERGHYRZLCRES T
V4N

5, EvpER I o1DEER CCF RIEEI R
MEh, Bt BolRREL I AL bR AEMEE ks
TV b, Z Bk, BAE, radioactive micro-
sphere BEDEWE R D 5. Lil, TOHETIE,
CCF 2ME4 XL LT s v v + H3k 5 microsphere
BB A LIy, IEEESE RAT S LAIEHE
RIERE 72 %2022 {1\ ~#8 % microsphere O fEHH HS
REI D, A—EGCRENESHER, RED
REEBL, M2 THHERNTRERERD DO
HmORIF b K E .

KHFTE CCF ofllE: & LT, MAEZEIREED
Hoim (RF) 5HEEE AV, RE EAEImTT
DIREE LB 1920 FROLAVGHRTER 0
Thh. 10, HEENIRFEIEDCCFEL Y E
< FHM X 5102429 D hs, B B ISR & R

BHI262D DAy RIS D, BT REO—K .

eu. L L, AEom<, SEAEImEXHET %
BOEFREL, XFBAORMEL L HFIELTCCF
B W35 load line analysis % fB\-% &, radio-
active microsphere!® < *3xenon clearance % B\ fz
TR EBDT L —B1D L, »inh EMIZCCF #&
HL52E&FEL2BNTWA. 7z RF IBITRFEROML,
@ CRERELY, B CCF oBbith
AT ABE, L EURAEE L IN®, KPecs
WTh ZDHERRA LK.
42 FRRVERICNT 2.0MTHREOEE
SERIEITER ST 2 0nTEHROEE il &
P2 O00BRBELEH 2. TOE 1 IHEBA
DERETHYH, ZOHE 2 XBHEMLTOMmEKR
(CCVRYTHBH. £LTC, Ehiczd CCVRIZIZ, MM
EHEED tonus Wiz, DLIRFEE S MERFE»H O
], extravascular resistance DEA5%EE L clTh

TRIRER T 2 O TENEEY N OIRA R D8 633

X7 B o,

AP ORE Y, GIMED LR35 CCF o
Ex&il, ZoE TR CCFOETEY BT
EERFLHIR L. RmED EF 3, EENRD per-
fusion pressure F#3-= 212k v, CCF ZEh&e%
TERAERTHEL S 5 & TRDH B, ARFICKT
R MEDENEAETENERNCEI 52 0THY, »»
> mPCP IZ/t2$ (Table 3), =D X 5 fadf FC
bRME CCF g B2 5 2 sRF LB &
PEER I e, o7, SENERMETEROERE # 4
MED 80% LEELTE 2ok, MELEARCHE
DRNER I N5 BHEDI O TER LT
COF/TDCTHESEILIEELRENLE L b
5. CCF iz akMmEDEE B LT, Flameng et
al.®® vk radioactive microsphere & f\V 7o 45T, 30
mmHg #+% 130 mmHg O#iFH-¢ik CCF 23 FE5 K&k
FEE X {IEMET % &85, 72, Kaul et al® ik
BRAMY—EI LcE&E T, BREImTTO perfusion
pressure DAL FHET &, CCFi3mlL, BmERosE
EBIIBET S LB 5. Chbofdi, Al
E, 2% b ZEAEIMTTIZ33 % perfusion pressure O
EENCCF AT A5 ETEESLORFE L XL
—I]T5. L, RMEREC LR IEBERE,
FICEATUETRELO L 5 afiT, LIkkE &L E
RIS & w54 % extravascular resistance 735 < 7o
b, #ic CCF KT 5 W FEIT 5 A EEHE b5
EL Tnhifmbime.

—77, SEOKETE, EEMERBHE pacing
TOHHEEAEEE T, CCFIniiMnnitBEra
Wich -7z Johansson ef al®V %, ®Kr clearance B
THEL CCF i, UHEEL LI FEYTIT
Teotcl L, BxDEREEKRORBEYERD. =
hizxt L, Brown et al®® (X RF ¢ CCF #EIEL,
OO LR T30t d CCF o % b5 1
fesET 5. ¥4, Raff ef al3 13, DK OLER
AR I I fE A D E& A3 L, extravascular resist-
ance ZIEKZE, TOHERE CCF IHMETT5 &bt
b, THHLDORETHE, FMEY—BITH > T
&, BME L LA A 60 225 220 bpm & AL
(110~200 bprm) I L UJABERRICT ¥ 5 2 &, ALtk -
THRELHEELLLDEE 2,

WICAPE TR, LERY B L&t T T,
LVEDP @ F5 23 CCF oA, 2% 9z CCVRo L&F
Fheb T I ERPLMELE. 20 CCVR o LRI
FLHAOEBRE, 1Y% extravascular resis-
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tance DAL FES 0L Bbhb. SEORETIE
LVEDP 4.9 mmHg © k&2 X » CCVR i1 28%3B K
L2, ZoMBL, Raff ef al®® % adenosine 7]
bz X AR AINREEIR A B\ BEA D#E T,
LVEDP 10 mmHg @ k&% extravascular resistance
2 IURWR LI EREL TS, 7, Kiekshus®™ i%
radioactive microsphere © CCF %l L, LVEDP
% 5mmHg 75 18 mmHg i kA &85 & CCF DT
PEL, TOETRZ GIOABEMTEL VW & AR
LTvws, Wiho#fsd, LVEDP 0 LRI1ZCCVR
oKL b CCF AMETT AR AR~ TEY, 4
DREE X —%T 5.

ko<, LIfTEEO S 5, GlED EFIL
perfusion pressure DA & LT CCF 2 HEIMI 5%
B4 U, LVEDP » L5132 CCVR, #iz extravas-
cular resistance % L3¢ CCF &4 &8 2 HEICE
<A, LHEOZEIZCCF &t LT3 Lt hEr 5
zhEEZ bR
4-3 TBRRHEERICHY 5 XBHREOZE

LEOKETIE, SNStIZX h b IFnTiEbo0ER
7r CCF oina\@@d bt BHET T, AfkomE%
L ALIBEREL, B TCEERMERS hb
SR ST, COFRIE, TOoEOR
HicBT 2 HERNEEE b R THhI v
. AR TR, TELRITERNEMHEL, o
METFE—TIET5 LI BHTEERSEHETC, CCF
R 5 SNSt REARE L. ZTOR, DB
BaEORMACCF # LR EE2 L EHALLR LR
2, FOBEFEEITEC, 2T OnDAEE
MRHBRTRICLEDE DR 2T\,

DR O 1 MBI T 5 TR D
BEEMILVEERtH» %, Sink ef al®® (X ALTLHT
HEMEY —ERkb, LDEMBE Ll 2 Ka-
agonist ® phenylephrine ##:5-1, CCF o#§in% R
Bz &5, ZHusktl, Harrison ef al®® 13, &
HIEIM = a-receptor (ZFTER T, Sink ef al®® O
B 13K B 9 phenylephrine i2 X %, B-receptor 7
L7 B E D if iR 25 < CCF o inowIEEtE 2
b5 Eb~<B, Zhbog&Eoml, SHEIME R
a-receptor M7s<, B-receptor DAMEET L ETh
¥, SNSticX v FRBIME»#LEL, CCF 23X
HEFORBL I VB bDLich 215, Lal,
FKFeEOBAEIMEEE B F IR « HAEREITFEL 5
00, FIRERIMOCDT CRIS IR L 75 AIE
BRIDIIEL S 5Dd, RERIDENLEDLE

FLBEER R

ik A Rae i

203, TAEIMmT oS EEIRCH 5 EiERk DK
FLMEH SNSt in X v L, EAEITEER® perfusion
pressure ZMEIIE®D 80% Ll Fic LR LT, CCF »En
T HEREECH L. LL, FEROBE® T,
SNSt R L oM BEFEOMEA DD, [EEERE
B (R OEPLmE RERIIEET 2 L 3R, #
2 OFREME IR L TEV D LB bR, i, &
Bl EF A1, SNSt § % reservoir 12X b {EMIFE %
— B o tedd, BoEFA L VBEEEOHELX
7, a-receptor N LB NHEAMBLL & 7h),
EljER DIHIME 2 NHE L - T BEtE B E T & foLe.

313, SNStiwk s LmfTBREOE/LEZN L
CCFotkTh s HADHETE, SNStizk b
max dP/dt > ¥ b LUAEM A L ies, L,
LVEDP GARE TH -7z, F1o, I reservoir ¥/t
FELicld, FMES —Tifkb i, Lard, O
HEME D IEA 1T extravascular resistance ##L, CCF
DIET 27539839 L Xh b, hik, SNStick?
CCF oz, [LmfTehEx T 5852 B 275
MAED TR EE 2T,

#4013, SNStIZ X b RIS o W H % 23 LE
L%, Rihinsd CCF pEA Uiz, R#HT L
DOREF XA LIFTRERTH S, £, KHFECTIE
SNSt 1> PCP 3ARZETH b (Tabled), Z DR[EEMH
LSRR N RF 5 SF (-

B, SNStizkz CCF #ADEF 20 OHDs
LHRLIH, BELERTEIETLRELT, &
INEHEEE LT, LoElcEELYSHIRD
T &z,

5 #& &

RABITER T 2 O TENRE DB & 25 R RE
BOBEYB LTI, KEBRABROLRT TR
(LAD) ~o HEEIRmERER #FH L=, ZL T,
LAD BfZE i i j2 1 SR 12 38 10 % KA M 2~ & o B i 1f
(RF) #E& L, modified load line analysis #I1c X
h BAEIMEE (CCP) k%, Zhiext3 5 .08E,
fEmF, LVEDP O, ZRRMER#EOMEY RN
LUTOBRY 2 7.

(1) DA % K & & B & OV E B pacing T
111.3+3.9, 145.0%3.3, 195.7+6.4bpm i= &L &
2®Th, CCF I ELTR Do,

{2) LVEDP %, pentobarbital sodium DREEkA
BE5wX b, 5.9£1.3mmHg X b 10.8+1.5mmHg
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whkHEe5s, CCFI16.1x1.1m//min25 4.8+
0.9m!/min ¢ EBE (p<0.05) WET L.

(3) fAmMPE%, M¥K reservoir D& X DEAL & KE)
Bk @ banding i@ X b, 50.1+4.6, 87.4+5.5,
103.2+3.1mmHg & EFX¥2% L, CCFi13.6%0.9,
6.6+2.0, 11.0+2.4ml/min & T HhIAE (p<
0.05) L 7=,

(4) ZEBRpEEETRTRLD 4 Hz, 10V, 2 msec dura-
tion DEKPIBEIC X B LIRS R RIM (SNSY) %17
5 &, CCF26.2+1.8m//min X » 7.7+2.1m//
min EEE (<0.05) ik L 7.

X b, Mgz TAEIERE, OMTE
RBRUZBRMEOFELY T, BBIENMLS B
HAohdiote, ThoOBRE SMHOHEED
JRREFRIA D275 63, AEDOEHE « I E &< D
ERPAMREZERTH b0 LE 2.

E i3
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