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List Mode Data #CH-1
ECG Trigger —‘
Mobile C a
with
High Sensitivity #CH-2

Parallel Hole
Collimator

STARCAM 300A/T
(General Electric)

ECG Wave Form

#CH-3
LV Pressure by

Micromanometer

(Millar Inst. Inc. )
ECG T feH-8
— i ——
Flgger PCG marker

Data Processing Device
MODEL GMS-550 U
(Toshiba Medical Co. Ltd.)

Poly-amplifier and Recorder
(E for M & Honeywell Inc.)

Fig. 1 A diagram showing data flow and equipments
installed in cardiac cateterization labo. Radio-
nuclide data acquired in list mode is trans-
ferred to the computer together with analog
data of LV pressure, ECG and PCG simul-
taneously taken.

LIST-MODE DATA

26 %

2 (1989)

Tr =7 T4 v Ik B EEE - FR R E
B BT 5V AT AREICHRB L. K
HrERIAR~ERL, 7TyYA Ty IIE
Hic X 5 BARHAR O LEE - FR R~ O
HaeRil.

I MREFE

1) R

B IF PO BE S 3, BROME 5, fAHFR PSS 2
S 1, MOymAEmERE 5, IERALUARAE 1, & 154 CF
YIERS 5T.458) Th 5. kRN &3, i
Wt o 72 R RS L B IER Wk Z A LB 2
BRI 1 o FER T, ARIEFE & L
THwWw.

2) REZE

0 7" — V3 ORI 7o 5 8 B IR 1 i
ShIlh 7 —F MRER THRAT L.

3) F-4LpE
WEOLHF—F VREOK T, *"Tc-RBC
(¢ n ) LA 30 mCi 2SFEfIC L 7z
B TF— 2R R BRRA L 72, WfRT — 23, W
IREESEATILRI = ) 2 — 2 2 HF LIB#IT L~

HH@HHHHH\HHI:!HHHHH[HII\!H)HH:HHHH}HHH!HH

Backward

Forward

HEBEEHEE

ANALOG DATA

PRESSURE

Backward

FEIEHHEEEE

Forward

Fig. 2 A sclematic illustration of forward and backward formatting of radionuclide and
analog data. Radionuclide data in list mode is converted to image frames of

20 msec both forward (F, Fa, .

..) and backward (B, B2,

...) from ECG trigger.

Analog data is bi-directionally formatted likewise.
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TRIGGER
A

/ NV

/

Fig. 3 For accurate volume curve from systole to
late diastole, one cardiac cycle length is selected
by setting a pair of cursors on the volume
curve with two cycle length obtained by for-
ward and backward formatting.

LV WORK

PRESSURE

SYSTOLIC ;A+B
DIASTOLIC; B
NET A

VOLUME
Fig. 4 The work diagram of the left ventricle.

PRESSURE
CusHg) NT AP IHS OMI :KS MR ONTROL
250 CONTROL

AP

VOLUME

150 (w1/w?)

Fig. 5 Three representative PV-loops are drawn with
time resolution of 10 msec. AP; angina pectoris,
OMI; old myocardial infarction, MR; mitral
regurgitation.

60 80 (x10 wsec)
ey

POINT=

TIME =
(usec)

voL. =
Cwl)

dv/dt=
(ul’s)

PRESS=
CwwHg)

dP/dt=  0.00
(wuHg’s)

P/V = 0.054
CwuHg/ul)

dP/dv=  0.00
CwnHg/ul)

Fig. 6 Changes of ECG, LV volume, pressure and
derived indices (dV/dt, P/V, dP/dV, etc.) are
readily comparable with each other.
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PRESSURE
CwwHg) NAKAGAWA T. B1M AP
se

Il

Control

VOLUME

80 (wl’w?)

Fig. 7 Diastolic portion of PV-loop is magnified and
phases of rapid filling (RF), slow filling (SF)
and atrial contraction (AC) are displayed.
Shift and deformation of diastolic portion are
observed by infusion of angiotensin-11 (AII).

LVP HER
mmHg — p<0.001 —— p<0.001 — plaa
Lve EHR

2004 100
J‘ - 80

150+
- 60

1001
40

Cc All-1 All-2
Fig. 8 Changes of peak left ventricular pressure (LVP)
and heart rate (HR) by angiotensin-II. Mean
LVP increased 134 mmHg to 159 mmHg at
first stage (AlI-1), and then to 182 mmHg at
second stage (All-2). On the other hand, HR
did not change significantly.

26 % 2 5 (1989)

PlLuwHg)
250

AP 2.47
OMI1.13

£,

tul/w?)

Fig. 9 Serial changes of PV-loop by the infusion of
angiotensin-II are shown in cases of AP and
OMI. Emax is determined by linear fitting of
end-systolic PV points as illustrated.

E-MAX ( mmHg/ml/m2 )
3.0
2.0 |
1.0
PAIN AP OMI MR HCM

Fig. 10 Emax was higher in normals and AP than in
OMI and MR. Chest pain syndromes with
normal coronary anatomy (PAIN) were used
as normal subjects in this study.
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#7 STARCAM 300 A/T (General Electric) # /&
FOLF - DE RS HARIC/EE S h 5 modified
LAO izZ%EL, DEMRENY - bIiTY
Z hE— KT 4500 k count Y&, EEX¥7F—%
JUFREERE GMS-550U (E%) icisk L. E=RE
Iy V7 A NEG T+ 2 2 — % (Millar) i X
D [FIFFIREEL, 10 X U #) (msec) & &ic &K 7 F
B F—7 L LTTF— 2 EBEBICEE L. &
WL, FOERMI3IFY R ADEKRT RS
7— & BEFRET, RE MY T—, LERER,
DERL L & FRRREE Lz (Fig. 1).

) EXE - FRHRORE

D7 = NVETEEEOLD F— & OME L
EThHDn, FEIRP RR EROES I hkT
DIEERT~OMRELRRIRTHS. T THEE
BT Th 2RI VT, INEH~IER
H~DERGHZEBLCERVWEEZLOE - F&
HREER T 572, T OMEEZFARZLE.
YR FE—FBIVEEKT FrrF—rix, T8
RoOBrER, DERIRE MY V-2 AL LTHE
FRABXUOYHRIZZ +—<F 4 >~ 2 (1 frame=

20msec) L, 7 L—AE— FiZE#H L7 (Fig. 2).

B S IR R ER (EFmoF 17
L—2A) IZBWTEh Yy v MERTEREL, Ny
777y FABELER * B8R &%, Fixed
ROILIZTIEA M B L OHH RO EE 75 & dh 4R
EAERL L 7c. EBEARMRE 7 — Y o HEEKE
GEAWR) 2 THRBIL, F—% 05Aa Ry HKEx
10msec & L. —JF, EREFINESLEL
7 =2 OHh 5 20,0 MR TBIRL 2 4~5 0
Mz, FEMRLFERC, BEFMB X OHERIC
MEL. Bohc#i 200 EZRER LT
EEFEBROT—5 7 7 A M55, EEORE
FEEAL L LUA#EEZ BIRL (Fig. 3), £=
£ - REHBREERL .

5) EEENBR~ADEHR

XBERBERILS— VT — 2 INEICHKT->T
1T L, ABIRL single-plane i TA A3 v o-
370 (iopamidol) 36 m/ % 12ml//# TE A L 60
frame/F TH|RE L 7. E=EA & ¥ Cardio-200

(Kontron #) # v T area-length 19 THH L
T DT —NEDOERS Y v N ED DR R~
OEWIULTOHFETITo. 2 be— LD
IEF— i B 5 EEILERARY A& ((EDV]
control) 2%, EHi® EREER)» b BEH LA
([EDV] cine) % f#f L 7z.
[EDV] control=[EDV] cine
Zo Bz EZEO BOER O 7 v~ b 3 ((EDC]
control) & X OVINELL #3k ((BEATIcontrol) 2> H ¥
ik 2R 5 A (F) 2RI LICHHL,
[BEAT] control
[EDC] control
AEAME EE2EUEO EZEXE ((EDV]
intervention) X, fNELL> Hi%k ((BEAT]intervention)
BLUOTe OEBH 2 MERPEEN Y~ MK
([EDC] intervention) Iz E#FHEZ R L TRD =,
[EDV] intervention
_ [EDC] intervention . I
[BEAT] intervention  e—4T

A: decay constant of 99mTc

F=[EDV] cine *

*F

T: elapsed time from control aqcuisition

6) RERAFT~DEHA

BHEOBATHAR O EEBIEL E - R
PORMT B, arbe— A0 T—ZIUE
2Bl EE 7oA T vy (A % RTEE
L, IHEYILE & 9 10~209; F2EE T BERERIC
LR&E, 2ORPEF—SMELL. EZE-F
B RO mEL» b IR, RN HEES
IUWED ETh 5 AL FRE A (Fig. 4),
F - IFERYIE - AR B4R » 5 maximum time-
varying elastance (Emax)18) 2 EH L 7=,

m. % =2

1. F—32%EH L UIRERRH

1EOF— 2Nk 2~3 HEITKTL, AR
72 & T 3EBEOIELIT I AT L BTRAREEIIX
200N TH o7z, £, YVRAME—FKBH 7V
—hE— FIZBHBT 3, 8k, BV
MELELLAETH 72, SEHERA LT —
ZEIEE T, EROUEERO 77— LAV =T
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ORAIZIVIEFABLIOHEFR 7+ —<F 1 >~
FREFHTETL, EbOTEANTH .
2. BRBMVRBICBIT2EEE - BRR
AT X D VB L e BRDE,  BRIB MO B8 ZEAE,
HIERASEARIED 2 v b e — ARFICB T 2 EX
E - AR REHI 2 73 (Fig. 5). iz
HE, W AREE THELLEERETDH )Y,
N—FEERT 5% 51E 10msec L DF— 4T

»5.

3. HEERHAEEE - ZERHIRORMERIRT
AREDLEEIE - FRBBRT, > SRR
HIIESFR 7 A —~F 4> 7ck Y, ), FLE
A B DERME I TRE AR 7+ —~ 7
4 VI VIRES L 0T, HEHIcE VT
b ZORFERT DR, EZE - FEMBROK
R % DEMS X OEEFRIHRC T 0 — KM
¥ S5EICPE L (Fig. 6), $5RH o Refaflic &R
TH5ZLELEETH o7 (Fig. 7).

4. Al 52k D REATRAROEEE - &

Bahig

2y bw— 7 — 2 INERITHEIT L7 2 B0
AEAFICEWT, BRESNETSEN DT
ECEERO 135 mmHg 25, BT 157
mmHg (16.3% #¥in), & —EpE¥ < 181 mmHg
(G419 ) ~FES A2, Dz hE
. 64.2/min, 64.3/min, 64.1/min T& Y B % %
Wiz ol (Fig. 8). FROME 3 X U BRIBMELMT B8
FIEDFERK (Fig. 9) Tz HBEFIOERE - &
Biific L, AEREEEF~BEToL LD
=R MICIEEL, FERECUTEL
7z. v hr— B XU 2B R ER QIR
HIE - ARG, LB EERHTSHY, E
IREROARH» 53RO 72 Emax 1 T h T h 2.47
(mmHg/m//m2), 1.13 (mmHg/m//m2) T & - 7=.
FIRICRER T Emax 2HH T 5 &, EFEHFIE A
7% LI R E GRS HME TRIETH - 7223, Bl
1R 0 0 B ZEE R0 SR PR HAS 2 T IR & 7=
L7z (Fig. 10). —F, INfEit SR, fREtE
BRIV Z0EO/NMMTERI, FEL L LICH
hnu 7= (Fig. 11),

26 % 2 £ (1989)

Iv. £ %

DEOE « 5 Ehgux, Frankd (2k 3 B0
W|MELIE, REAY O E - FEMFR» S UL
1H4~6.18) FEERHAR b & JLBEARIE 2, £ e v —
ZFOHEB» SHEH Lz AR (220 DBERER
AHMiish T& 7. BMERTOREO—HIL, t
FMEAEDIZBWTLRARADL I, EFEOB X UYRRY
DOEEINFERE? 29 LILRMBIAE 2 A HES
NTE&Ek., LaLle MEKDIZS T2 EMAALSE
BROFH ZES T v 18k, EEELE
A5 golden standard & L THWOHTE2, £
BOURT 4 VAD P L—2RITE 3 EEREMS
DYERR, RI—RHDOEEEDGFHHEY, S HiC
FEoSry MY &b CEELSFIEENPLET
b5y, E - FRBBROER, FITIES TR
W, F723— FREFROER T v A XS
I UHBREORIERY® 2% <, EREHE
BRT 3 EEARAT, DHIUENKT, &
Bz 7747 v RDET, TEIRDFHIE,
B HREREESD O RTREME 2 D Y, FRIUDIRAER T
GEARSHBERS. LT, EEE A
B ORI T 2ISAREREAZL 0T
b ol WE, A F MK FBEEFAOME
X YV REERED o255 0, EEILER
HESLIEEEARICHMES TS 32, Mg
FEDEIRIE 2 % T 2 85 L b Y, KERE
) SROBHEIBT IS TH S,

EREEECEL LT — Vi RATE,
F— 7 INED LRI £ TOBRBR TS < OFRAH
HEhs, WECHL TR, EFAOREBDOLV
E-FRT—2238B0h, LrLERMICKEL
TTF— FIREDSAIRE®® TH 5. =7 T ic
ML i, EZFERHERVAES I IERTE, R
WETF— 5 2FA—OERBET—ELELEDL D,
EEFE - REMBROERSCHET = v Ea—240
HEBALLTVWARDITONS. 245 DFK
X, DAZFI~0EA, ERAR~OICARZEE
HE - FREBROBERERE2AZ 2 T5L0TH
3.
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SYST.W. (gw:m ) DIAS.W. ( gw.m ) NET W. ( gwem )
1507 507 ooram 150°
——e OMI
&—OAHCM
—— AP
1004 1001
254
50 501
0 L] L} 1 0 1 l' L 0 L 1 |
C All-1  All-2 (o] All-1  All-2 (o] All-1 All-2

Fig. 11 Changes of systolic, diastolic and net work by the increase of afterload.
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JE « FEERORIS LERE - FEMK O 1E
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FRWREZE - BRBBROIER - BTy 27 4
L ENZRMEEZUTOZ LS RELBTE L.

H—iz, EEEBIVRRIFAMKICREShS
VERD L. ZOdDEY 7 —F7 VIRERIZO
F—NVEEZHITT ALERD 5, KBTI —
DD 7 — 7 VE R L REHERINL TR X IR
S TORFEEEROFERABPHFRTISA TRV,
ZzzThhbhiz, FERBATOLEY 7—F
WEORE & YRR ER L.

i, EEREMRORE L IUEH 2 IR
HETRETITREBMLETH S, L7—NVET
BEHEOLMT— 2O MENLETH 5 ko,

RR [BROEHIC X 57— 2 B ORERKT 2
B BERH 5. Magorian 519 3kt R—v
VA DL E—BIC LT L2, fEM
ThBEH, MITHERZECHAFARO IO LITE
5. Fc, FAIAT OBER I AN IR
TOWERLEABFE S 5. BIE, IRGI%Y:
2 b DB 0 AR RO R R 2L
HH M OMREES~ D BHVWLRS Otk -
7c. bhbhiZEmMLE 1 DAYOEBZFEMRY
BT 5729, IFERIIES AT — 2 2E/ L,
—%, HAREHEAED b OEIE I ST —
ZEFEHAL, 20WAOTF—F L LEEBIRLT

1 DA 2B FEERRL, KBERT 2Rk
L.

B=o, EEFEREEKT e/ F—2 L LTI
£ Lzoicx LERMBII~ VF 7 — MROEIT
DERTHY, BhsxA4A IV TIRESHER
F—ZORHE —HSEITRVVBETHS. Z
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F— % OFHE D FfEE 10msec i2diix 5 = & T,
W7 — % O —B S ¥k,

Fiz, EEENFROEVLETHS. £
EWY Y MEPL, BESLERE-2) A— 40
PR & & WIE L AR~ BT 5 @ifee-
%Y, McKay 519 13z h 2 EEE - FREE
DIERIZBERAL T2 2 E#TH 5. RRE,
BHEOBEROESY 7 — 7 VREICS SN TT
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1E0F— 2 IEE 2~3 4RT, 3EBEDIY
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Summary

Left Ventricular Pressure-Volume Diagram Determined by
Forward and Backward Formatting of Radionuclide
Ventriculography and Analog Pressure Data

Suetsugu INAGAKT*, Hiroki SUGIHARA*, Tatsuya NAKAGAWA*,
Toshio KATAHIRA*, Yasushi KuBoTA*, Hiroshi KATSUME¥,
Haruhiko ADACHI*, Masao NAKAGAWA*, Kazuo IKEGAYA**,
Susumu MATsuI** and Katsumi MIZUKAWA**

*Second Department of Internal Medicine, Kyoto Prefectural University of Medicine
**Toshiba Medical Co., Ltd.

Pressure-volume (PV) loop is of great value for
the assessment of left ventricular (LV) function,
but its clinical application has been limited by
methodological complexity. A new system was
developed to make accurate loop with simplified
procedure, and was applied to clinical and inter-
ventional study.

The system constitutes of a mobile gamma
camera, a poly-amplifier and a data processor
(GMS-550U, Toshiba Medical) installed in cardiac
catheterization labo for simultaneous raw data
handling and successive analysis. Since LV time
activity curve (TAC) obtained by usual ECG
gating is not fully reliable for a entire cardiac
cycle, radionuclide data acquired in list mode was
formatted forward and backward from ECG
trigger together with analog data of LV pressure,
ECG and PCG. PV loops were drawn in 10 pa-
tients (OMI, AP, MR, HCM) and 5 normals before
and after infusion of angiotensin-II (AII), and
Emax and LV work (systolic; SW, diastolic; DW,
net; NW=SW—-DW) were measured.

Radionuclide ventriculography was safely per-
formed with cardiac catheterization even in pa-
tients with congestive heart failure. Satisfactory

PV loops were obtained by the advantage of
simultaneous acquisition of RNV and analog data.
Changes of ECG, PCG, volume, pressure and
derived indices through one cardiac cycle were
readily comparable each other. Peak LV pressure
(mmHg) increased from 134 to 159 and then 182
by infusion of AII, but no change in heart rate
was observed Emax was higher in normals and
AP (mean 1.96 mmHg/m//m2) than in OMI and
MR (range of 0.85-1.36). SW increased in response
to rise of LV pressure in all subjects. NW increased
in normals and AP, but decreased in OMI and MR
with relative increase in DW.

In conclusion, this new system is feasible for
repetitive studies under drug intervention, since it
makes accurate PV loop under physiologic state,
i.e. without pacing and volume overloading.
Variable changes of SW, DW, and NW in response
to afterloading were clarified, which may be useful
for the evaluation of cardiac reserve in normal and
diseased heart.

Key words: Pressure-volume loop, Radio-
nuclide ventriculography, Left ventricle, Ventric-
ular work, Emax.
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