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Background and Objectives. False positive findings of coronary stenosis are frequently detected by
exercise stress myocardial scintigraphy in patients with left bundle branch block (LBBB). We investigated
the relationship between regional wall motion abnormality and myocardial perfusion abnormality at high
right ventricular (RV) pacing rate in the region of the RV pacing (the ventricular septum)and the control
region (the lateral wall) assuming exercise stress in patients with LBBB.

Methods. RV pacing was performed in 7 open chest canines. Real time myocardial contrast echocardio-
graphy of the left right ventricular short-axis view was examined by Toshiba Aplio during infusion of the
ultrasound contrast agent (Definity® ). The examination was performed at baseline without pacing and at
high RV pacing. Replenishment curve of the myocardial opacification was obtained and fit to the equation
of y=A(1 —e 7)in the regions of the ventricular septum and the lateral wall. Wall thickening ratio
(%WT) was calculated in both regions.

Results. Dyssynchronous motion was observed during high RV pacing, but no wall motion abnormality
was seen in control conditions. Although %WT, A-value and /3 -value were almost identical between both
regions at baseline, %WT and /3 decreased in the ventricular septum at high RV pacing. The value did not
differ between two regions.

Conclusions. We concluded that perfusion abnormality occurs with regional wall motion abnormality at
high RV pacing based on real time myocardial contrast echocardiography.
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Fig. 1 Position of the region of interest on the real time
myocardial contrast echocardiogram
Regions of interest set on the ventricular septum (pac-
ing site, solid circle)and the lateral wall (non-pacing
site, open circle)
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Fig. 2 Reduced wall thickening during high right ventricular pacing

A: Control. B: High-pacing.

Solid and open arrows indicate the wall thickness at the septum (pacing site) and the lateral wall (un-pacing
site), respectively. Thickness of the septum at endsystole is not great during high pacing rate.
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Fig. 3 Percentage wall thickening
Percentage wall thickening of the septum
was significantly lower than that of the
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Fig. 4 Replenishment curve showing myocardial perfusion
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The replenishment curves at the septum and the lateral wall are identical during control conditions (A). The
curves are definitely different between the two regions during high-pacing conditions (B) . The slope of the
upstroke of the curve ( 2-value) at the septum is slower than that at the lateral wall.

Fig. 5 A-value of the replenishment curve
(myocardial blood volume)
A-values between two regions are almost
identical even during high-pacing rate.
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/3 -value of the replenishment curve
(myocardial blood flow speed)

The [ -value at the septum is less than that
at the lateral wall during high-pacing rate,
while it is almost equivalent between two
regions during control conditions.
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Fig. 7 Relationship between percentage wall thickening
and the /3 -value

LOHA Y PFA T O—RIZE DT L2, JE—
TV THRHCIAEEER R S HRRE b AL N Lo 72
D, EHEN =Y Y T OEE T L QIIR=T T
IRAL DL ZE PR I BEEB R A S 1, LR O
TOREDIR T L7z, SN =V v 7 EEj 4 7 &
& I ZREEH) TR IR L7z

1. AZRAMEEHEE CRAERRE
EW78y 7 RFER—- 71280 TiE, &R
PUAEEIE (21 9 FEFBIRY G 1 & 5 78 = ko I
BENARLNDL., KBFETIE, ZThEIFHNC,
R—=2 7B TRPTOIHEGE (BEE#NEE) KT
ARSI NTz. WE, RETELES)RE 2 A LS KT,
TEEIIRBEZE 70 & DORYE Y 7o v LIRS0 R (R
B, DEBILOMERIIELA 25— FE LTabn5
$ DT, HERREICT] S H S RPTREEE)RE AL
%1519 EBIR B ZE S A A B BEE B R F T2 i3S A
OIS LETH Y, F 72 EBIIRAZE AR S
T, BEEBIREIIBRERICHET 2 b TldRwv. L
ML, REBRCTRIEBHESR-Y Y 70F v - F7120]
BRI SO LBEE B E 2SE L, RILISERT 25D T
FHWZ EATRENT.

EHHEENR =2 Y TR LR R E AL D
A0 AROFERTIE, OHILEEORT TIER <,

o HE TR AL S BE DAL T AT S 2 & e o 72, EEIIR D
MG AIILRIE CH ), SR CIEIER IR L
AR L, TRICECLHERLE TS &5
12, BEXR—Y Y ZI2BWTRAEZDOIGHEIEFIIC X
DREEIREMPEL 25202, EHELAER—Y ¥
ZNZ &0 B L IRRIRE RN R, = v TR
TIERATO R EAEC X ) S O (ZHEFR IR I AY 4 A
L, ERAEFEZAELLEZEZTVDLY, ZOFEMIC
LT, DEiomE a2 B2 & 72wy, el
W & =2 T EAL O NE O AR FLEk O #5 R T
X, =Y Y TEMNOLHNEENR— ¥ T AL S
ERFICERL, NSBY =225, ZHERFO
BHBREICERT A 0L BbIS. LENED LS
FZENEDOBENRTHE L. =T ¥ FEOLHN
FEGDERNED EF > TER L, LERICE S
DHENEDE T I TIRT 3 5. 2OfER, ~—v
¥ TN OGRS A LT 2 RERNILGIEN O
& bR I, OFHNESET LT AR
EOHEDP S AREEM L DD EL 5., T4b5,
N 2 AL O T B 73 R O R R & <
T5., DHABEPEVEIZIRZOZ ERITEASEEL
A, S TR W ILERIE R 25 & S (2B S
FREHETE I L COREN TR 2. TNBR—2 0T
BIAE 22 O BEEB) R E AL, ZhE & IO
MEEPELLHHEEZZONL.

2. ERI7 Oy JBITHEREOERERMTR

KM 70y 7 IEG ORENIREAZZIT I L, A
PR B R RS A S D . 2 b AT
SULEBEAMIC X 26T, YEUFE—VAMDIZ
) DIEMER BRI RETH 5 &\ ) AL N2,
OB, EHEMOIE)STE) FE— VAN
DB EAPEWTH L AL EEZOND, K
B A T OB FE TR ISEBIR A2 OB W & LTI
BT T 525, HEIE &\ ) mCIMART R Tl 4
Wy,

3. BEELENR—Y 2 TICLNDEOHEBELD
£UC%»
FHIBONR—2 77213 TiE, ABR—Y 7 ThH
HER—T Y 7 THLHBRREEICIEl 2w,
L2L, BHoOEHESR—Y Y I3 OAEET VR

J Cardiol 2007 Sep; 50(3): 183191



RELDHREE T VORIV NS FETH Y, 2
S LIRS I O S 25 DR IS A A CTH D 2
EERWIRLTWAY,

I BN S A LR WA R LR T 1 v 2 e,
YA DLER— 2 v 7BIT, iz L UMM
VDA U B 0 E00E, ZORERRE 510 MET 3
BUENS L. SCEICIE, OEDSEREIC R - TR
W70y 25 L TwBEEEY, BAN kR {sEEE
A Y T ER 22 COHEEE & LAY
MHEEINTWE, BEOWRLTIE, W70y 7%
BID10% \IZHFEOIEFELAS A SN, 34 H B O] EE
NR—=T Y TDA XN — T ¥ T ERDS20% JEH L
REWMELTWA, 2L, EENEOILKEREST
WRwvE )RR, UEEESEILRSE L 2o
EWV) HTHIRREW, $67 AMOLEEHHED
N=V YT RATo 1A XDFEFRTIE, <= ¥ 7EHL
TOREEOREEESEHAL &3l Tdh 2 LEF RO R DS
FEPRIHE > TELLZ EFRHRESINTVE Y,
C O TR L AL EAL I BV TEIE R <,
HUE, SEMALOFERE & L CHH 2 IR IR IDGHE (5 K %
ROOLNTEDY, LAGERICET 2L 2w, B
BOLES—2 2 FTUOHERIPMRT§ % & v ) i
bdHoHNW, ZOmLTRINDRFIE, EEHEMN
ROMRRE TH Y, ZHEOLDOTIERW. $72,
NR=Y 2 TDF Y« FTTONET-oTWDEDIFT
DBHWDT, R L TRMON— ¥ PR
HERICEET LN E)PRIAWTHEL. bBEAHA
EHEE LR R =Y v 7 e fi T USRI AT O R A BT
Filii g 5 DT, Mo2OMBFNELE 723 ThHH
)T LIIEBETEL.

AT — 2 U I TIRIBET O LR & & b ITHER
WOETTAHIEDA XDERTRENTVEDY,
FE OB OER 7T v 7 61TIE, LEHROL
HEVE EHEACRH OB ICHBEDS A BN B 2 LT BRI
WIS e EIRELGAE &\ ) AT % b
OO, EM7TH Y 7 HICLERRPFEICE )RR
PGS erE L, [FIBF I Te-SESTAMIBI T2l § 5 i
IR DT HTHED0UET L LI HmEFDH 2.
COMBITIRRLLIE L VWO IR TIEH S b0,
FNZAIUTEM 7Ty 7 DR TUHERPET S5 2
ERIRIE L TCWATIREMDLH 5. LEFRERE &0
HERICE L TOI L L 2P LETHS .

J Cardiol 2007 Sep; 50(3): 183—191

LENR—=T YL DOHEERRE 189

4. R=I U TBMICLDER
SROFERTIE, LEHRRICE LARER=- 27
TTIVEEAL, EHER—Y V7 TOLERRICRE
HWHRARONT, R=Y U T O E SRR L, O
T2 SHL L T R—2 ¥ TR O R EE A S
NBY, ZOLHIIAXTORFT TR LER—V ¥
TEALTRPTLEESKT T2 2 L RENTW
%% BEIREICIE, AER—=T V7)) = FANLRHE
I SN TV A4, TIORIMAT R IZ05RE %
MBI 22 EATRENT WA, TDLEH T, R—
VA E R RIS L TR, "=
TN & B BRSO T SR IS BAR T A 2 & vl
CREENG.
IR 7R, ERTay 2 EFELE LD
WOENEEEENSE L TWE EEZLNL. LML,
HER=T 7Tk, EW78y 7138 I3EZE0H
EBICEBEBZLELE LZVWEVIHEY 3 HLDT,
M#HDERIT S HITHFDPLETHS ).

5. AHAEDRRS
LSROMEOMER D FIORT. $112, =2
Y7 ) — FOMBEOHRIZIXHEERTIZ R LT a—
HA RTHDH., FEIEEIAT 7205, HETIER V.
N, H A& DIEBITDR— ¥ 7T B OB ED
EWE LTHLzo»d Lk, 210, REE
R=Y VY TORFADPTE TR, BAHOHRAELT
TIRLES— Y V7RI ZEET, LR OFEA T
ElrozinbThb, 2, 41 XEHOLIKITL
MZHRTHL2ICE L, SHICEENE LTRELC
LR E R KR SN, SROEEENR— T
YTEVI DR Ml o TE 572 OIEEEIRIT
Thb. LrL, SHEIATOLEERE, OAhERIRE
T HETE L0 TERN LR L L THEIZZW
EEZLND, 3, b N TBEMTREZET L0
BB M CTH 225, TNL OB G LT
WL, $72, VEUFE—LLEWLTF/ Y=
FRETTE DX 24T > TWARWVOT, FiIEE b BERT
B0%, EEC X B OB RBE L, SRk % [
—HTED0E) LORMEITRS.

& EE}

HEOBHER— 712k, _=Y v 7o



190

v H R T B B g

—_

X
1)

2)

7)

A0 - B - P (3

(BEZRIMOWA) 34, 7]

B

5L RPTREES) & e - MRS L7z,

fro7-z.
WEZ e L7z,

FIRF ISR E DAE L TWAE Z LS,
nrz.

Abbasi AS, Eber LM, MacAlpin RN, Kattus AA :
Paradoxical motion of interventricular septum in left bun-
dle branch block. Circulation 1974 ; 49: 423—427

Nowak B, Sinha AM, Schaefer WM, Koch KC, Kaiser HJ,
Hanrath P, Buell U, Stellbrink C: Cardiac resynchroniza-
tion therapy homogenizes myocardial glucose metabolism
and perfusion in dilated cardiomyopathy and left bundle
branch block. J Am Coll Cardiol 2003 ; 41: 1523—1528
Verbeek XA, Vernooy K, Peschar M, Cornelussen RN,
Prinzen FW: Intra-ventricular resynchronization for opti-
mal left ventricular function during pacing in experimental
left bundle branch block. J Am Coll Cardiol 2003 ; 42:
558—567

Berger BC, Abramowitz R, Park CH, Desai AG, Madsen
MT, Chung EK, Brest AN: Abnormal thallium-201 scans
in patients with chest pain and angiographically normal
coronary arteries. Am J Cardiol 1983; 52: 365—370
Hirzel HO, Senn M, Nuesch K, Buettner C, Pfeiffer A,
Hess OM, Krayenbuehl HP: Thallium-201 scintigraphy in
complete left bundle branch block. Am J Cardiol 1984 ; 53:
764—769

Larcos G, Gibbons RJ, Brown ML: Diagnostic accuracy of
exercise thallium-201 single-photon emission computed
tomography in patients with left bundle branch block. Am J
Cardiol 1991; 68: 756—760

Matzer L, Kiat H, Friedman JD, Van Train K, Maddahi J,

Bl

#

g By EM 7Oy ZEF T, EEIIREAEDSZ  COEHBEMLHY Y F ST 74— 1lB
WCLHRBIMFTRAARASNE ZEBH L, FIT, AEEBHEN—Y 71XV EH 7Oy 7 D&
BHAMBFE T VAR L, =3 ¥ ZEAL COEARE) &AL (L ZMEE) 128V C, LR

B BN 7 SIS BV Gl IR S E (X2 APLIO & W,
REEIR & 0 Fifede 5L, FLEM L NVERE#HETO) 7TV A 203y M A M a—-KEx
HHER—Y VT HT—TFVEFBAL, ER—V VDT Y PO — )L EEER— 7
NE IR & e S BB LA A 1 &, AR MR A O 4L & MR AR AR y = A
(1—e "IEM LT, AMECOAITE) & 8l (O FFILTTEEE) 20 & HEF 3 EAM % 47 - 7-.
FDBEIE NN (BWT) 2> & BEEE) 2 57 L 7.

B B ov bu— VERCIZEEEB R IO SN, BHEENR— Y Y S B CERTEE A
WIRL 72, 2> bo— VT, WfEBM T9WT, A, BEOWVTNIZOAEEEIT LD > 720,
RN =2V TRETIE, DERRO QWT B IS HAREEIET L7z, AT I =
Do 7225, LEFRO R IEISHEBEICEN, BHEER—Y Y FRICEBICET L.

B R AEEHER—Y U ZICEAEM T Oy 7 EFIVTIE, N— T v TEM OB ES) R &
Y7V AL LLHI Y PFTA ML I—-FEIZLYVHSLIZS

J Cardiol 2007 Sep; 50 (3): 183—191

11)

12)

CEREELFFIIEZ o TWwAE Z b ok,

B E I A (Definity®) 2 oK

F 72, [

Berman DS: A new approach to the assessment of tomo-
graphic thallium-201 scintigraphy in patients with left bun-
dle branch block. J Am Coll Cardiol 1991; 17: 1309—
1317

Delonca J, Camenzind E, Meier B, Righetti A: Limits of
thallium-201 exercise scintigraphy to detect coronary dis-
ease in patients with complete and permanent bundle
branch block: A review of 134 cases. Am Heart J 1992
123: 1201—-1207

Ebersole DG, Heironimus J, Toney MO, Billingsley J:
Comparison of exercise and adenosine technetium-99 m
sestamibi myocardial scintigraphy for diagnosis of coro-
nary artery disease in patients with left bundle branch
block. Am J Cardiol 1993; 71: 450—453

Beppu S, Matsuda H, Shishido T, Miyatake K: Functional
myocardial perfusion abnormality induced by left ventricu-
lar asynchronous contraction: Experimental study using
myocardial contrast echocardiography. J Am Coll Cardiol
1997; 29: 1632—1638

Porter TR, Li S, Jiang L, Grayburn P, Deligonul U: Real-
time visualization of myocardial perfusion and wall thick-
ening in human beings with intravenous ultrasonographic
contrast and accelerated intermittent harmonic imaging. J
Am Soc Echocardiogr 1999; 12: 266—271

Porter TR, Xie F, Silver M, Kricsferd D, Oleary E: Real-
time perfusion imaging with low mechanical index pulse
inversion Doppler imaging. J Am Coll Cardiol 2001 ; 37:
7481753

J Cardiol 2007 Sep; 50(3): 183191



13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

Wei K, Jayaweera AR, Firoozan S, Linka A, Skyba DM,
Kaul S: Quantification of myocardial blood flow with
ultrasound-induced destruction of microbubbles adminis-
tered as a constant venous infusion. Circulation 1998 ; 97:
473—-483

Wei K, Le E, Bin J, Coggins M, Thorpe J, Kaul S:
Quantification of real blood flow with contrast-enhanced
ultrasound. J Am Coll Cardiol 2001; 37: 1135—1140
Nestro RW, Kowalchuk GJ: The ischemic cascade :
Temporal sequence of hemodynamic, electrocardiographic
and symptomatic expressions of ischemia. Am J Cardiol
1987; 59: 23C—-30C

Leong-Poi H, Rim SJ, Le DE, Fisher NG, Wei K, Kaul S:
Perfusion versus function: The ischemic cascade in
demand ischemia: Implications of single-vessel versus
multivessel stenosis. Circulation 2002 ; 105: 987—992
Bache RJ, Arentzen CE, Simon AB, Vrobel TR :
Abnormalities in myocardial perfusion during tachycardia
in dogs with left ventricular hypertrophy : Metabolic evi-
dence for myocardial ischemia. Circulation 1984 ; 69:
409—-417

Canty JM, Giglia J, Kandath D: Effect of tachycardia on
regional function and transmural myocardial perfusion dur-
ing graded coronary pressure reduction in conscious dogs.
Circulation 1990; 82: 1815—1825

Masuyama T, Uematsu M, Doi Y, Yamamoto K, Mano T,
Naito J, Kondo H, Nagano R, Hori M, Kamada T:
Abnormal coronary flow dynamics at rest and during tachy-
cardia associated with impaired left ventricular relaxation
in humans: Implication for tachycardia-induced myocar-
dial ischemia. J Am Coll Cardiol 1994 ; 24: 1625—1632
Grines CL, Bashore TM, Boudoulas H, Olson S, Shafer P,
Wooley CF: Functional abnormalities in isolated left bun-
dle branch block: The effect of interventricular asyn-
chrony. Circulation 1989; 79: 845—853

Ehring T, Heusch G: Left ventricular asynchrony: An
indicator of regional myocardial dysfunction. Am Heart J
1990; 120: 1047—1057

Xiao HB, Lee CH, Gibson DG : Effect of left bundle
branch block on diastolic function in dilated cardiomyopa-
thy. Br Heart J 1991; 66: 443—447

Burns RJ, Galligan L, Wright LM, Lawand S, Burke RJ,
Gladstone PJ: Improved specificity of myocardial thalli-
um-201 single-photon emission computed tomography in
patients with left bundle branch block by dipyridamole. Am
J Cardiol 1991; 68: 504—508

O’Keefe JH, Bateman TM, Silvestri R, Barnhart C:
Safety and diagnostic accuracy of adenosine thallium-201
scintigraphy in patients unable to exercise and those with
left bundle branch block. Am Heart J 1992; 124: 614—621
O’Keefe JH, Bateman TM, Barnhart CS: Adenosine thalli-
um-201 is superior to exercise thallium-201 for detecting
coronary artery disease in patients with left bundle branch
block. J Am Coll Cardiol 1993; 21: 1332—1338

Krishnan R, Lu J, Zhu YY, Dae MW, Botvinick EH :
Myocardial perfusion scintigraphy in left bundle branch
block: A perspective on the issue from image analysis in a
clinical context. Am Heart J 1993 ; 126: 578—586

J Cardiol 2007 Sep; 50(3): 183—191

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

DER—Y Y TICEAOHERRY 191

Vaduganathan P, He ZX, Raghavan C, Mahmarian JJ,
Verani MS: Detection of left anterior descending coronary
artery stenosis in patients with left bundle branch block :
Exercise, adenosine or dobutamine imaging? J Am Coll
Cardiol 1996; 28: 543—550

Lakkis NM, He ZX, Verani MS: Diagnosis of coronary
artery disease by exercise thallium-201 tomography in
patients with a right ventricular pacemaker. ] Am Coll
Cardiol 1997; 29: 1221—-1225

Kyriakides ZS, Antoniadis A, Iliodromitis E, Michelakakis
N, Kremastinos DT: Short-term effects of right atrial, right
ventricular apical, and atrioventricular sequential pacing on
myocardial oxygen consumption and cardiac efficiency in
patients with coronary artery disease. Br Heart J 1994 ; 71:
536—540

Shinbane JS, Wood MA, Jensen DN, Ellenbogen KA,
Fitzpatrick AP, Scheinman MM : Tachycardia-induced car-
diomyopathy: A review of animal models and clinical
studies. J Am Coll Cardiol 1997; 29: 709—715

Mehta D, Odawara H, Ward DE, McKenna W], Davies MJ,
Camm AJ: Echocardiographic and histologic evaluation of
the right ventricle in ventricular tachycardias of left bundle
branch block morphology without overt cardiac abnormali-
ty. Am J Cardiol 1989; 63: 939—944

Prinzen FW, Cheriex EC, Delhaas T, van Oosterhout MF,
Arts T, Wellens HJ, Reneman RS: Asymmetric thickness
of the left ventricular wall resulting from asynchronous
electric activation: A study in dogs with ventricular pacing
and in patients with left bundle branch block. Am Heart J
1995; 130: 1045—1053

van Oosterhout MF, Prinzen FW, Arts T, Schreuder JJ,
Vanagt WY, Cleutjens JP, Reneman RS: Asynchronous
electrical activation induces asymmetrical hypertrophy of
the left ventricular wall. Circulation 1998 ; 98: 588—595
Tse HF, Lau CP: Long-term effect of right ventricular pac-
ing on myocardial perfusion and function. ] Am Coll
Cardiol 1997; 29: 744—749

Ono S, Nohara R, Kambara H, Okuda K, Kawai C:
Regional myocardial perfusion and glucose metabolism in
experimental left bundle branch block. Circulation 1992;
85: 1125—-1131

Zanco P, Desideri A, Mobilia G, Cargnel S, Milan E,
Celegon L, Buchberger R, Ferlin G: Effects of left bundle
branch block on myocardial FDG PET in patients without
significant coronary artery stenoses. J Nucl Med 2000; 41:
973-977

Altehoefer C, vom Dahl J, Buell U: Septal glucose metab-
olism in patients with coronary artery disease and left bun-
dle-branch block. Coron Artery Dis 1993; 4: 569—572
Saito D, Takeda K, Hyodo T, Abe Y, Tani H, Nagahana H,
Uchida T, Haraoka S, Nagashima H: Effect of pacemaker
sites on contractile forces of the local myocardium and
blood flow in the major branches of the left coronary artery
in anesthetized open-chest dogs. Jpn Circ J 1984 ; 48:
331-335

Xiao HB, Brecker SJ, Gibson DG : Differing effects of
right ventricular pacing and left bundle branch block on left
ventricular function. Br Heart J 1993; 69: 166—173



