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Clinical estimation of the
relation between coro-
nary artery disease and
regional myocardial
blood flow by continuous
thermodilution with the

multithermistor catheter
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To evaluate coronary hemodynamics more precisely in ischemic heart disease, great cardiac
vein flow (GCVF) and coronary sinus flow (CSF) were simultaneously measured before and during
atrial pacing by a continuous thermodilution technique with the multithermistor catheterin 10 patients
with significant coronary stenosis (narrowing of the left anterior descending artery of 759% or more)
(Group 1: CAD) and 12 cases with the normal coronary artery (narrowing of 25% or less) (Group

2: NonCAD).

GCVF reflects the anterior regional flow of the left ventricle and CSF reflects total left ventricular
flow. Between the two groups, no significant differences were noticed in either resting GCVF or resting
CSF. However, atrial pacing induced a reduction of coronary resistance (CR) and increasing regional
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myocardial blood flow in both groups in the same way, and the maximal pacing provoked anginal episode
in CAD group in which both the percent decrease of coronary resistance (CR) (%4 CRant 25.3% and
%4 CRt 23.39) and the percent increase of regional myocardial blood flow (%4 GCVF 49.6% and
%4 CSF 40.6%) were lower than those in NonCAD group (%4 CRant 42.39%, %4 CRt 37.6%, %4
GCVF 80.6%, and %4 CSF 68.3%, respectively).

These data imply that resting coronary blood flow may be maintained as normal in patients with
angiographically significant coronary stenosis, though coronary reserve probably decreased in these
patients. In this respect, the continuous thermodilution technique using the multithermistor catheter
may be useful for the clinical estimation of coronary hemodynamics induced by various interventions.
This technique can be performed repeatedly for a short time and permits simultaneous assessment of

venous blood flow draining from the anterior wall and of total left ventricular flow.

Key words
Continuous thermodilution technique
pacing method Coronary artery disease

Great cardiac vein flow

Coronary sinus flow Atrial
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B REOEEREELMBZ LiX, 0
LMoL LTHERLECOMNERZLETHS. &
H, BEREEEOLERICE ) EEIROTERE
OBRBRES T o1, BEERNICRELRZ E&
FICHIET 52 &iX, %ol EEd 32, &
FLL BHTEEN. ZhbDFENIBLTY,
1971 sz Ganz V2 X » TITb M FEHEM R
BAERER, REAELHEOE{LEBRTES
L, MOVBLEITL 5 3 2 &, EEIRIRMDHTEE
(ULF CSF) LRbE#ARmERE (LLT GCVF)
LIATTHRIECESZ L, AT HIEE LB
ThY, WEL LT TE3R2ENFIEEL -
Tw3. A[F, multithermistor #5—F L%
WG RFEARE T, DER—V VAR
B L A CSF ¢ GCVF »FERAIEL, *
DOREBARIAE & OBFEIC SV TIRE L7 0 THE
T 5.

MeEHLUHE

HRIROBEBRN T, BHREKEL LU
KL 7 —7 VIRE L BRI RPTARIRIEIC X 3
BILFHREF D > b, EERER G TEEBIRA]

TR RN 75% PLE oz A b iz 10 4]
(Group 1) ¥, 25% LATOMEL 1A DR

-7 1245 (Group 2) ot 22 HI(HH 184, %
W45, EHEES2.38) b b, B, Group
1 g, hoFBEREHRICOEEORED D BIE
BINEERTHS.

LEFITINT, DT —TF VRE 48 BRI
T OEER LD, BOERERICE=Ir Y &
VDR EEFEETBEIILER, Dl lbiR
EoOSEMAIC=tr ) Y U EEShIZE
Bliz <, +R_RTOIF—F VREIFHRIC, %
JEoRETCITbh.. Z0EKED Fiks Fig. 1
IZ/R L7z

KBIRIE 72 & CICEEEORIE T, KRBk
2 OHITHEICIBRA L pigtail 457 —F 1
Judkins # 5 —35 1 &, Statham P 50 E 5 o
257 a—Y—&FEAL, BEEIRER Judkins 3
kot Fi, KEBEFRA OBA LK Swan-
Ganz # 5 —5 n & Edwards OLHHERIEEER
FRWT, BHEREC XV LHHEORIEZT -
7-.

EoiL, DFRFTILRROREDIDIT, AH]
Ftig k7 &> Webster f multithermistor # 7 —
FNEBAL, BERTICERIRR D 28 TR0
BT D, < LT, Medrad Mark
IV BEiEAR L 72, 5% Sra—z2% 50
ml/min O—FEHEETHRL LD 30 HLULEEA
L, Good Man #4 thermo flow RF calculator
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Fig. 1. Schematic diagram of data processing
system.
Regional myocardial blood flow by a continuous

Multithermistor

catheter
(GCVF, CSF, RApacing)
|

thermodilution technique, cardiac output, PA-pressure
and Ao-pressure are recorded with 3-channel ECGs.

i2x Y GCVF, CSF 27 V4 W RT S &5
LEbic, BARERKRY a—F—ho7—%
LREFECSE L7z, Atk GCVF & CSF %[k
WES 372 iziZ thermistor DENEETH
v, FHEICIT - -—RElOEERE % video cas-
sette Lo — 4 —{ZFRE L TEOBIRMEEZBIEL,
left marginal vein ##x T Viessens #if< I
®GLo thermistor %, FEIRFAO L VB L7 2
cm Wiz & Z AIZEAL o thermistor % fiffE &
7. Thermistor OZBHERIT ZhZhoRIE
DENZ, BRTTHEMR» DI UEoX)ic
L THIE & hiz GCVF (37 SpiihE o O i B
%, CSF RA=2Eo MFMKEEEZ, Lo
T CSF—GCVF 3/ lBE 5 X 0% FTRERSE D
DffMEEEZ R+ bk X 6h 32 BRI
foEmEEs (CR) &, KBIRTFHEE ZhZ
MO RBTILRE THR L TR 7.

Fig. 2 {2 769% Urografin 2ml #AICL 3%
coronary venogram #% ;<L 7=.

DER— v S ARk, 90 beats/min X v BH
L, 342 Lic 20beats Forn s+, i
WOFERE, 2EULOFEET vy s oliH, 55
Wiz 150 beats/min # % o> THK T L 7=

EERE BRI BT 2 .08 RET L&

3Fx 2 NVOLER, EEE, KBIRES X
WO R ofeskix, TIHAICHEIT L c—
EOBERE L 7 5 v ¥ 2 iAW DB oA
DEAZERN T, BEREE B L OEEEFIC
FATLTITo7. Fig. 3 CEE o ZHEFIZTL
THaH, FHMmpEEL L To CSF, GCVF &
bIREWEEMEE L - T 5.

ek, T — % OHEFHFHILEIC I paired t test
¥ 7213 unpaired t test ZFHv, p<005 2 HE
L L7

& £

Table 1 iz Group 1 o 10 fE 4, Group 2 o> 12
SEGIOLDER—v v 7ATRT(EEE), BAARR
(TE) oL RTMKR L, mMITEEHEL T
L7. Group 1| TCRLER—v 7Ly, 2FE
BlciE A FER & h, Group 2 ik Wencke-
bach A-V block #3 - Ly Case 5 & Case 8
BT, £flT 150 beats/min F cR—y
VISRATMBAEETH o7z. Case 5 L Case 8 ¢
i3 A-V block HE RO FER<—v v 7L —RiT
By aEE, ARRREMHESLE L.

1. Wiz &1+3 double product (DP) () H &

Group 1 o&7fiaGo DP i3 10,648+3,442 (F
$9fif + if32) mmHg-min™' T b, AL
iz 18,28144,163 mmHg-min~! <3 - /-.
Group 2 <% 9,578+2,162 mmHg.min~! 7
19,345+3,129 mmHg-min"! LA -7 Zh b
I, ARRIE L OCRKARR L iz DP
273 727> » 1= (Table 1).

2. LER-VVIVAHIZLD OEHERRMGRD E
it

A) Mtk DERFTLERE, -y
—brEHFBRTLITHEML .

(a) GCVF: Fig. 4 iR+ X512, DE~—
v v rERHio Group 1 o GCVF 3 71.0+
7.0 (FHELRHERE) mlmin TH Y, FHKRA
FiEE 0 7 iz 105.2+9.8 ml/min Tho72 (p<
0.005). Group 2 iz 76.8+4.8 ml/min »5
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Fig. 2. An example of the coronary venogram.

Positions of the distal thermistor (t;) measuring great cardiac vein flow and the proximal thermistor
(t,) measuring coronary sinus flow are observed. The proximal thermistor is advanced 2 cm from the
coronary sinus ostia to the mid-coronary sinus excluding the reflux flow from the right atrium.

GCV =great cardiac vein; CS=coronary sinus.

135.84+5.6 m//min ~ & #ihnL 7= (p<0.001). =
hx 2ol 5 & (Fig. 5), =—v v 7/ f
TR CIEmE L LIFERIL TH 525, o KAmE
ZEWTE, BEoXETEAVWS, Group 2 A
Group 1 X 9§ KEWHEIAARD LT

(b) CSF: Group 1 <ix 120.8+8.9 m//min
1 5168.611.4 ml/min ~ L L (p<0.001),
Group 2 <& 123.64+5.2m//min 75 208.3+
9.0 m//min ~ LI L 7= (p<0.001). ~—3 o
FEAMRITIEMEHZIZERC TH 508, fKATN

i Group 2 78 Group 1 X 0 &Kk & Wi
IZdh -7z

() CSF—GCVF: Rtz CSF—GCVF 3
Ry U SATICE Y WEEE LT B 22 (p
<0.005, p<0.005), 2EM oMl TE, ~—v
> 7R X O R FATRiRE o Ca s JRIPT L it a1
FERFTAHR BN 5T

B) ik o BN

R— v v ZARIC X B0 RPT fLE E o BEn
wHl-oh, Fig. 6 Th 5.
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Fig. 3. An example of the simultaneous recording of GCVF and CSF.
Three channel electrocardiograms, left ventricular pressure and aortic pressure are simultaneously
recorded with great cardiac vein flow (GCVF) and coronary sinus flow (CSF).

Table 1. Regional myocardial blood flow and hemodynamic data

Gr. Gr.
1 HR_SBP DP___ GCVF_CSF 2 HR_SBP DP___ GCVF_CSF

1) % U "Pam Y "V 1) %o P e e Do
2) B % " e Y 2) Y e "D Sm Om
3) Y e "Meo Yo Y 3) Y s P Tia P
4) Yo %o o % P A Y YU Vew Y Vs
5) ¥ % e % YU 5 YU %o e e B
6) Yo Y n % D& 6) i s o0 Tw D
7 Za P M Hs Y ) T Ho " Yo e
8) %uw Yn o Ye Pm 8) Hu e Waw e Ui
9) %y P "Dhew P im 9) Y YU "V Ve D
10 %o s Phaw Hw Yo 100 %o Y " Diu 'Y

M % % *Pow "Ue D

12) % e "Hm Dis Dis

DP : 10648+ 344218281 +4163 DP : 9578+2162—19345+ 3129
(Mean+SD)

Numerators are values at rest, and denominators are values on the maximal pacing.

Gr. 1: coronary artery disease group; Gr. 2: normal coronary artery group.

HR =heart rate; SBP=systolic blood pressure; DP=double product; GCVF=great cardiac vein blood flow;
CSF=coronary sinus blood flow.
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Group 1

Group 2

Fig. 4. The change in regional myocardial blood flow on atrial pacing.
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Fig. 5. Comparison of regional myocardial blood flow between Group 1 and Group 2 at
rest (C) and during maximal pacing (P).

(%) % AGCVF (%) % ACSF (%) % ACSF-GCVF
T T 100T °

H
° | |
(P.<0.005) (P <0.001) (P<0.001)
100} 100} L .
°
S
i ® i [ $
O O | }
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o : - { : g [ ]
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n{ 4 e n{ 1 I o 2 e
6!l G2 6l G2 Gl 6.2

(Mean+SEM)

Fig. 6. Comparison of a percent increase of regional myocardial blood flow on maximal

pacing between Group 1 and Group 2.
%AGCVF =percent increase of great cardiac vein flow; %4CSF=percent increase of coronary
sinus flow; %4(CSF—GCVF)=percent increase of difference between coronary sinus flow and great

cardiac vein flow.
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Fig. 7. Comparison of a percent decrease of coronary resistance (%4CR) on maximal

pacing between Group 1 and Group 2.

%A4CRant=percent decrease of coronary resistance of the anterior wall of the left ventricle;
%4CRt=percent decrease of coronary resistance of the total left ventricle; % 4CRinf = percent decrease

of coronary resistance of the inferior region.

(@) GCVF om®: GCVF o #in=x (%
AGCVF) iz, Group 1 it 49.6+5.4%, Group
2 it 80.6+£82% ThHY, HLNICHETKT
& -7 (p<0.005).

(b) CSF o#gfnsk : CSF o#gfnx (%4CSF)
i Group 1 iz 40.6+3.2%, Group 2 Tix
68.3+53% T, BHETKTH-7 (p<0.001).

(c) CSF—GCVF o #4fn#%: CSF—GCVF
o=z (%4CSF—-GCVF) ¢, Group 1 o
28.8+4.0% izxf LT Group 2 Ti3 64.5+7.5%
ThY, FALMERETKTH -7 (p<0.001).

3. LER—VVIEMICLIBOEFEROEL

KEAREHE & 2 02 h o0 RFT Lk & Tk
LT b h B MEFRGEZ, (2 EREFAICEN
TR—V UV FARICE YD L. £ oRMmEE
MoBADEE £EHBE (%4CRant), &=Lk
(%4CRt), ZEZEflEES X 0% TEE (%4CRinf) iz
SnTHInH Fig. 7 ¢h 5.

EEFBEZ W THB E, Group 1 T3 25.3
+6.5% T 5»5, Group 2 Tix 423+3.1% T,

BETREP o (p<0.02). EELfkizonT
b (23.3+5.49%, 37.6+2.3%, p<0.02), Ez=f{l
BERB XU TREEKTL (14.2+6.8%, 35.9+6.5
%, P<0.05), ~— v S EAHICL B FEMEIES
O, Group 2 ik Group 1 kv ok
Thole.

4 DER-YUITARIZLZOABROEL

Group 1 m~_—v v 7 A fEiOOHHE 5.3
+0.7l/min T, R—y oS X B PLFEERE
5.0+0.5//min T -7. Group 2 Tk =—
v PEBHIT 57404 min Th Y, kAL
B 6.0+£0.7]min Thorz. WEEL bIT 2—
Vv S AREIE O CHMHRICERECERIA b
otz

% 2

Hr R AERER, THIRE o ik xRl
ET 3B Lo TEREZR OO ILFTE 2 5E i
TH5HETH BN, REOFMEBEIC VWi
BEICE o1 0REORH 5. SREIFA BFEHL
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7z multithermistor # 5 —5 1%, 3 o ther-
mistor # 4, %, GCVF L CSF % [RRICHIE T
E5L0T, BERMC—BEERTHZY. L
ML, FOREIZEW LTI, {4 o thermistor
OHEEZEIICTZZ EBRTITHY, £0d
FH 41t 3.5cm, 3.0cm, 2.5 cm, 2.0cm o ther-
mistor o v F—F L& RiEL, Hx OEH
REWTZEDI b biET 5 b0 xR, GCVE,
CSF nofilE®1T-7=.

TR DBRFEEE L L R L& o BRI S
TRESLOBEND B. 4 X &A= TEIRE
ZOSMERTIX,  30~40% ok TREKRE
MR DT, 60~85% PessT KT ML o
KT, 85% ez TLHRE MR VKT, 88
~95% BT LIERFIERER O BN S KR
HEOBRBZ B Lnbh T3, TERERE
02 b BICERTFTITR OIRAEEE & L#R OE MR
LoRIiCiEd E VFEER 2N Lo S BEHE D
Y, ERHILBERFTCRETFOHERALNS.
SEEA i, ERTTITRHCESIREYE 75% L
LoOWEEEL F+BEML, 25% LIT oz
%4 o efEf L iz ot GCVF & CSF # Wik
REtLIcLZ 5, RHETRIE<EILBLARY
ofe. R—v v 7EREMx 3L, GCVF, CSF
EhiTHEMT 5, 75% LLEOEHI Tk d B0
mms GCVF, CSF 3o % v i3, 5%k
WTHRDEPHERE L. oo DP i3, fhio
25% LT oREFICR T 3 HRARREO 2h Lix
S nRER Lo LirL, GCVF, CSF »
MR 75% LA OFERRZE DRG] TIZB B AT
INTH o Te. BRATROFMEEGIE, WiEL
LICATRNICHSTHAD L TR Y, 2oRbRi
Group 1 iz Group 2 k9 /hThHotz. LLE
0o, 75% LA EoERAEDER T, AR
O MERGE T T BMA R fRzh T 525,
e AWML YV OBRTEE BRI L&
i, THICHEYY 3 BIHEEO #RKiZ2 Y,
DFELSFEES B L SRS £, 75
% L EkoaiiniEplicisvt, GCVF oai

BRI BT 3 1T 5.0 RT MLt &

&4 CSF oz 23/~ Tdh -nix, CSF &
GCVF %4 a7 total & THBz L, 2HRE
(Case 9), 3 Hi%s (Case 6) DEFNE Eh T
3z tbroEBIcEx bh 5. Feldman 51617
ORI HR bR B & 5T, THEER X ORIBEFE
ix GCVF &R THB LBEDLh3DT, OfF
BFfLiiE% GCVF, CSF 43 THIETE 3
AEIBEHTHEZ LRBHRITANTHSS.
Nakazawa 58z k % L, He # v 7= washout
curve k9 GCVF, CSF » &M LR, TH
BRI L B 90~100% D ResehE it i it
HE O O RAFMKER T BT L tvnbh 3.
FEoENZDH BB, ERITITR, EEESE £
EBREIC 90% LL Lo BEWzES > Case 6
oflTix, ZEEicisw Ty GCVF, CSF 34
B, Ry U TAWICE Y HBHENR—
FSuv— FCRMESFER SN, oo GCVF
B L CSF o¥mMR LD T/hTh -7k
DHHERSWTHR B L, BOREERTESOR
HFBEITHBEN, LR TRk,
RFTEEBIERE o LR 3 LB bh, 5%,
FEORE L OMEE»ORET I LNENRD B.
SEF~ 1, EBIREZE L O RET LR o
{%%, multithermistor %5 —5 V& v 7= g
HIRFTEARREC X VRRF L, 75% LU Eo @k
ZHER T IR OEMBH D2 L EHL
P LT, Sk, BEEAREER, EkAEE R
KRHATHTFETHB.

3 #

EmtEE R R+ 5 BE OEERGELMS
7z Iz, TEREZRARC, multithermistor
B F—F ik B R RFTEBEmREIC L Y,
D5 R — v v J R & B ATRTIRE O RO ER AR L 5
# (GCVF) L @E#irmfiii (CSF) % R
B LA Lic. KOBBF IR ML= 3 2 S BARAT T
TR LY #REh 5 EEREEOLH KR %,
REFIRIA LT R 1 A B2 OO f MLt E & K+
5 Ex, UTORREELEL. EfiTITRICEER
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DEReFE (75% LA L) 2 F+ 2 BEINREER &, %
BH#E (25%LLTF) Icon T3 &, Ko GCVF
Frh#h 71.0ml/min, 76.8 m//min TH Y,
CSF iz 120.8 m//min, 123.6 m//min <%V,
R TER ool ML bIRA—v v /AR
TR IZBD U, O MR #Ehn U 72 25,
BRRATREIC B 1T 5 EBIIRIE LR O ML A
& (%4CRant 25.3%, %4CRt 23.3%) 3.
R (%4GCVF 49.69, 9, ACSF
40.6%) ¥, xtMBEE (%4CRant 42.39, %ACRt
37.6%, %AGCVF 80.6%, %ACSF 68.3%) iz
HLHALMZITH . PErb, BEIREE
Lt BEEOERENZLNBEFTL, ok
REE MR EEFICHRESATHEY, 20
FPHHIETLTNS 2 & BRahk.
7z, multithermistor # 5 —5 LiC X 2 B
PRI, AR VIR L ASWEET, LA
LM RFLAEREZ ST THIETE 0T, £
AR OEERBEOBEKRMIEBICERATH S &
Bbhs.
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