Basic and Clinical Study for Evaluation of Left
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& (ambulatory ventricular function monitor, VEST) L LTIGBL, 2O Y AT L EXKMEREEL 7 7 >~
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CELEFS 2em UEDoFhic & b ELEREHE (left ventricular ejection fraction, LVEF) i@/ NGl
BEUT. FRUNAOHEAD 2cm BAO TR TREROERZFED sk o7. VEST BI UV~
v#H x5z T LVEF 0HIE#Fv, MEOKEOMCREFREOMEE r=0.70, v (VEST @
LVER)=1.09x (F>=# A5® LVEF)—7.78, n=47, p<0.001) 2 7. VEST 12 &k D FREWH
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4§ (coronary artery bypass grafting, CABG) fEfTx#17:. METABOD 2 flixfiik b ABITH Y,
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2HIMBAR, IFHMABE, 1HBNCEWCERL. ZThibZ DS = EMNRIMECRBOEERE
#E® CABG OFREHECFATE 2 Z LR s, 510, EHATKRT R, @FE, BAOK
ODEBBREOSFIIZB VT LVEF OLESEE S, LVEF OBKES L UBRKIZES 2 TORER
R IERE W I & 7z . AR SR Bt (R B B TEE B B EESS, CABG 2 & 3 Bl fiet#E
L DERESRED SR, JORBEIC I AEKTROELEEOREDEBNFTMIITETH L Z £
TEhte. D VEST #FAVTERMNALDBET =278 28iCE), A3 X Z&:Z D
ORERETIERETH - 7 A LBEOEREOELE L CEBHNE(L: ERICHIET & 2 S CERMEY
mENT.

Key words ambulatory ventricular function monitor, cadmium telluride
detector, coronary artery bypass grafting, ejection fraction,
exercise stress test

Abbreviations: BKG, backgrand: CABG, coronary artery bypass grafting; CAD,
coronary artery disease; CAG, coronary angiography; CdTe, cadmium telluride ; EDC,
end-diastolic count; EF, ejection fraction; ESC, end-systolic count; kcps, kilocount per
second ; LAO, left anterior oblique ; LVEF, left ventricular ejection fraction; Nal, sodium
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Fig.1. Photograph of cardiac monotoring
system (VEST). Detectors (upper right), cable
and connectors (lower right) and processor
unit (left) are shown.

iodide ; ns, not significant; RBC, red blood cell; ROI, region of interest; RPP,
rate-pressure product; VD, vessel disease; VEST, ambulatory ventricular function

monitor
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Fig.2. Scheme of phantom study. A baloon
phantom is placed in the body phantom. The
distance between the detector and the phantom
(d) is changed form 2 to 12cm. Volume of
phantom (V) is changed from 25 to 400ml
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Fig.3. (A) Relationship between true count rate and observed count rate.  Significant

underestimation is observed in the range over 20 keps. (B) Relationship between true count
rate and observed count rate/true count rate ratio.
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Fig. 4. Isoresponse curves of the detector. Abscissa shows distance from the surface of the
collimeter and ordinate shows deviation from the center of the detector in centimeter.
Number in the figure shows isoresponse level of activity expressed in percent(%).
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Fig.5. Change of count rate of baloon phantom Fig.6. Change of count rate of baloon phantom
in wvarious volumes and distances in air. in various volumes and distances in water.
Distance from collimeter surface to center of Distance from collimeter surface to center of
the phantom is changed from 4cm to 12cm as the phantom is changed from 4cm to 12cm as

shown' in the figure. shown in the figure
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154
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10+

Count rate

o0 y v
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Fig.7. Change of count rate of baloon phantom
in various volumes and distances in water
containig *Tc as background. Distance from
collimeter surface to center of the phantom is
changed from 4cm to 12cm as shown in the
figure. Data were plotted after background

(8.12 kcps) subtraction.

Tablel. The effcct of detector shift on
ejection fraction

Distance Change
Direction of of D
shift EF
Upper lem —3.0%2.2 <(0.01
2ecm —6.3%3.3 <0.001
Right upper lem —-2.0%+2.7 ns
2cm —6.3%3.2 <0.01
Right lem 0.5+£1.8 ns
2cm 0.4%2.8 ns
Lower lem —0.8%3.3 ns
2cm —0.4+4.5 ns
Left lem ~0.7+2.8 us
2em —3.443.7 ns

EF, ejection fraction; ns, not significant
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Fx100% & U CHEMEES0%, 20%, 10%, 5%,
2% DEFIGHE LR 2. 10%EAD 3 Y A—F
i LR E5.2em, BKEIX4.lem, 5% H Tk %
N#Fh8.2cm, 4.8cm, 2% A TiIkZENZF4, 15cm,
8.5cm THh-o7:.

3. 77> N AEER
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RHBEEOBEGRERLALLDT, FRFASL—
77y b AORHED, ER(E®5), K (KE), BLU
Ny 227597 RELT™TcO &0k (E7) 0%
EThHD. MEHHEE, Hilln7 7> b LDER,
7 7ROEFEE 7 7> bahlka ) 4 — 2 IEME
DOEMERL TV, HEE 6em TIEARS 200ml LA
W, %7213 FEEE 8cm DI ETIRERL 300ml LLN TIE
ERIFLEGENE SN, Lol , Bl 6ecm THER

100

(%)

&

50

>
n=47
y=1.809x-7.78
r=0.70
p<0.001

°
0 50 (%}100

Gamma camera
Fig.8. Correlation of ejection fractions caluc-
urated by gated blood-pool study (gamma
camera) and VEST.

Table 2. Cardiac responce to exercise in
normal controls (n=28)

Work load (W) 128 £29
Max. heart rate ( /min) 156+14
Max. RPP (x100) 225+32
NEF (rest-peak Ex) (%) 10.1£4.4
ANEF (peak Ex-post Ex peak) (%) 2.5x£3.4
AEF (rest-post Ex peak) (%) 12.6£7.0
Time to peak EF after Ex (sec) 87440

AEF, change in ejection fraction (see also Figs.
10 and 11.); Ex, exercise; RPP, rate-pressure
product.
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D, EBNOREESEONT. SvITSYy PORE
BOUEETIHATLAKROBERTH- 12,

1. BRERAII & » BAEERIRET

1. REBOUBEThIL L 2%
RIWER2TT. EFlem L, FEF L
F 2cm OHRHBOTIICE DFE-3.005 —6.3%
@ LVEF Oi/NFEmBE LK. ZhSNoFrEAop
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® LVEF i3 2 BE R —EQEA2ROR» o1,
2. H¥?HATHELDOLE
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Fig. 9. Left ventricular ejection fraction (EF) caliculated by VEST during bicycle elgometer
exercise in normal subjects. (A) relationship between work load and EF. (B) relationship
between heart rate and EF.

1001 b | | Start End

'_ E'; Exercise 4
A N S (R P
o | 1 —
E— | ;pmwf vﬁ% 2 3 Time
”.Vﬁﬂm

J Fig. 11. Paramaters derived from left ventricul-
1| Rest rcise t ar ejection fraction (EF) curve. (1) EF change
. E 1'e Sf . :lf{es' ' from rest to peak EF after exercise (A EF
b ) ) 24 (rest-post Ex peak)), (2) EF change from rest
Time (min) to EF at peak exercise (A EF (rest-peak

Fig.10. Serial change of left ventricular ejection
fraction (EF) during and after exercise in a
normal subject. EF increased during exercise
more than 5%, while in early recovery period,
EF reached a peak as shown by an arrow.

Ex)), (3) EF change from peak exercise to
peak EF after exercise (A EF (peak Ex-post
Ex peak)), (4) Time from end of exercise to
peak EF after exercise (Time to peak EF
after Ex).
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Table 3. Cardiac responce to exercise in patient with ischemic heart disease

Variable

Work load(W)
Max. heart rate ( /min)

Max. RPP (x100)

AEF (rest—peak Ex) (%)

AEF (peak Ex—post Ex peak) (%)
AEF (rest—post Ex peak) (%)

Time to peak EF after Ex (sec)

1VD 2VD 3VD p
72+23 79423 6226 ns
107423 95+24 11420 ns
*
- 1
169+81  141+48  179+41  <0.05
—2.7+11 —3.0+8.3 —1249.9  ns
13.546.5 11.7+5.7 17.8+8.0  ns
10.8+6.8 8.7+3.2 6.3x4.3  ns
*
117483 137452 16519  <0.05

CABG, coronary artery bypass grafting; AEF, change in ejection fraction; Ex,
exercise ; RPP, rate—pressure product; VD, vessel disease; * , p<<0.05.

Table 4. Cardiac responce to exercise in patient with ischemic heart
disease before and after CABG

Variable Pre-CABG Post-CABG p
Work load (W) 70£24 68+16 ns
Max. heart rate ( /min) 10824 114422 ns
Max. RPP (x100) 16746 171141 ns
AEF (rest-peak Ex) (%) —6.9+10.6 4.8%T.7 <0.005
AEF (peak Ex-post Ex peak) (%) 14.8+7.7 8.5+5.6 <0.05
AEF (rest-post Ex peak) (%) 7.9£7.9 13.3+3.7 <0.005
Time to peak EF after Ex (sec) 139+60 169+54 <0.005

CABG, coronary artery bypass grafting; AEF, change in ejection fraction;
Ex, exercise; ns, not significant; RPP, rate-pressure product; W, watt.
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Fig. 12. Four types of left ventricular ejection
fraction (EF) responce. type A: EF increased
more than 5% at peak exercise, type B: EF
increased more than 5% initially but decreased
at peak exercise, type C: EF remained
withint5% of rest EF during exercise, type
D: EF decreased more than 5%.

R8I, FIOHBEELRBCELT 2858,
F—YOEEENMETTS. f1h, v/ vFo—y
EROLERR, BREES et LEEETM ok
WA A= PERRIZ & T RELELERORIFHIEER B2
CENTED. TDLORI VHEMTH RO
ENBoN2 I rERETHD, ¥rehASHEEL
NI DEHOINERBTH REFE T - B8 oh, X%
WD O 1T L OEFSTIRETH S .

vy T —-TEBOINSOREARZOL T
S, BLI T MY YA (Na) IREEZHAV L
bW IZEZR™OR, S5 IDEBICREERNY
BEEABDOEREBY L UNBEE N, LbL,
NS L RMOEETHVEHITARETH- 2L
SDEREZES DT,

CdTe FHEE %z A iciHaiz Bell®, Martini® &
X VRN b DT, Garcia & ZEERICIGHEL
Nal #EHEIC iRz & OREET < O/NERE
DFREORBICEN T3 LHE L /. Hoffer 592
IONERELREBIINECEES S TOERST
BETH D LW IR L D .OBEEDRIE KGR HRET
HBHIEeERLEL., IORHBESCRBEREL,
BERBELERBEHEARELE CIC/NEBRELZLD

After bypass surgery

2| Type | A B C D |Total
>

5| A | ee 2
[72)

3 B o0 2
S

> C [ X ] P 5
0o e

O

’5 D e .‘. ™ ® 7
e

[+]

m

Total | 10 | 4 | 1 | 1 |16

Fig. 13. Changes in type of left ventricular
ejection fraction (EF) respence to exercise
before and after aortocoronary bypass graft-
ing. type A: EF increased more than 5% at
peak exercise, type B: EF increased more
than 5% initially but decreased at peak
exercise, type C: EF remained within+5% of
rest EF during exercise, type D: EF decreased
more than 5%, Total: total number of patient
in each group. Dot in the figure showes each
patient.
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Abstract

An ambulatory ventricular function monitor (VEST) using the newly developed
cadmiun telluride (CdTe) detector was tested. The count rate characteristic of the detector
was fourd to be suitable for clinical use. A left ventricular phantom study demonstrated
that a measured count by the detector was linearly related to an absolute volume of 300
ml or less. Under clinical conditions, the shift of the detector more than | cm upwards or
2 cm to the left from the appropiate position caused an underestimation of the left
ventricular ejection fraction (LVEF). The LVEF determaned by VEST was compared with
the LVEF determined by gated blood pool scintigraphy. The correlation efficient was 0.70
(p<0.001) in 47 subjects. Since the VEST can evaluate left ventricular performace every
20 sec, it excels in detecting sudden changes in LVYEF during stress studies. To assess the
change of cardiac response to exercise after coronary artery bypass grafting (CABG), 16
patients with coronary artery disease (CAD) were monitored by VEST during and after
supine bicycle ergometer exercise, before and 1 month after CABG. The EF responses
during exercise were divided into 4 types; continuous increase (>5%) (type A), initial
increase (>5%) but later return to baseline (within+5%) (type B), no change
(within+5%) (type C) and continuous decrease (<-5%) (type D). Betore CABG, 2
patients showed type A, 2 showed type B, 5 showed type C and 7 showed a type D
response. After CABG, all of the type A group still showed a type A response; all of the
type B group improved into type A ; 4 of the type C group changed into type A, with the
exception of 1 to type B; 2 of the type D group changed to type A, 3 to type B, 1 to type
C and | remained type D. Using this classification of EF response during exercise, the
severity of CAD and effect of CABG can be evaluated more precisely than with the
conventional gated blood pool scintigraphy. All patients and normal subjects showed
increases in EF soon after exercise. The time from the end of exercise to the post-exercise
peak EF can be measured precisely by VEST, and it was prolonged in patients with CAD
and was reduced after CABG. This suggests that early recovery of left ventricular function
can be estimated by VEST. In conclusion, the ambulatory ventricular function monitor is
a powerful tool for evaluating left ventricular function.



