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1) FETEIE;% (first-pass flow method)

BEIRG R shz N-13 7o E=7 13 0
DEMME % FBRT 518, —FRIC TSI
1009, ViR Eh, KEEHEZZ TREBEES
h, —HRmEFcEHEh?.

WE, N-37oE=7 &EHO KX t T B
50 OBRMNER DY OSEEL QM) BRI
P OB EERE 2 Ca(t), N-13 OfifHE 0B E
% E(t), RMBF # F &L &, Bxlt=T iz}
% HteE Q(T) &

Q(T)=E(T) x FSZCa(t) dt 1)
TR
F— Q(T) 2

| -
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DLEELIEDTHS. ZORENRY LK D
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F=—
SOCaG)dt

3)
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(first-pass flow method) ¢ MR Z LT LTz
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D2ODFREILDL EFNWTWB ), ZORED
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1) FEFEROKTHRAETN3TVE=T
DB DOV LEL, EM=1 EZDH
ha.

Q) ELRBEORFESERRCE Y, DEHOH
IRAT S KRB TE 5.

1) DIEEDPWKBED Iz, DFICBIT S N-13 7
VEZTOEEBIZONWTa Yy A=AV MET NV
72T, ZOEEEREM» S RMBF ko, #HE
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RO THREEZRH L. Q) konTRED
B3 E L7z ROI DMtttk & RMBRE 0B
HEEHRBLMETE 2 BEEELEY, oM
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RLIZLDTHBED., FE—Davy =2V ME
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BEhofHsh TV WN-137 > F = 7 (13NH3)
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F-+Ca

Free Space | k Trapped Space

v

Q1 Qz

F-.Cv c=_0_1
V=Vd

Fig. 1 Two-compartment model for N-13 ammonia
kinetics in myocardium. F is regional myo-
cardial blood flow (RMBF), Ca(t) arterial con-
centration of N-13 ammonia, Cv(t) venous
concentration of N-13 ammonia. Q: and Q:
are amounts of N-13 ammonia in the free and
trapped compartments for a unit volume of
tissue, respectively. Cv(t) is approximated by
Q1/Vd, where Vd is a distribution volume of
N-13 ammonia in the free compartment.

DERPERSIT 5. 22 ¢, Fizd RMBF, k3= v
Rt 2 b 125 2~OBFLRTHY, VdiT
2=k Ak 1IZEIT % N-13 o distribution
volume TH 3. a3V R—FrAV R 200 1 ~AD
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K @ 2L L O OBUHRE Q) 1%
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XY FeRkprZ LhTE5,
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DB S OBEHEDR Y ZHIEL /2.

Im. = i
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B, MABHEPDRIFEL SULUANLERDD. X
ELTBAREMZSHITHY, 205 H0 24
Y ey FE— L ARIcX ) RMBF ##iins
7e10),

2) RMBF Q&

EEEFOERY ey CTEBRIZEWT, OfF
Eiz ROI 2REL, L oRHEIBSHERBR Q)
#Rwi. ROIDKE XiF, 9.6x9.6mm2 TH
D, A LLOHOFERIISBEAFT30TH-
7z. %7, ROI 2ELEICRETS LT, B
IRASBEEk Calt) 2kdiz. zOF—F2 2§ &
iz 3) S HEEREICX v RMBF #3HEL
To. FHEICAWERATIZ, ZhZho®RAS
AR BRDIN 2758 5 7 v — LK TH)~
3858 (7T 7L —L¥KTHE) Ol bot. ¥t
BEOBW QW) T o2nwTit, TxB{bsw TR
B XYV #HEENBZF L ToWFRE k. *
7z, WL Ca(t) & Q@) izonT, = (5 D
HTRDETVWELNS NF2—% A, BEbL
iz (5) 7»5 RMBF %k, #IEEBRL & ik
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Iv. & R

Figure.2 13,05 & 220 E OB RS e % =
L7=2bDThs. MoK D Cat) iox LT,

RMBF oO#tHIc fv e R T OfLBZ 7R~

ZofificH LT, T 2%{b&€ T RMBF %3
BL, MEOBRERLL0% Fig. 3177, %
7z, Fig. 4 3OIEEREL 23—+ 2 v MET
D¥ERBoh 5 RMBF 2L b0 TH 5.

7000 Left Atrium Ca (t)

o
3
k=

X

S

w

1=

=3
T

myccardium Q (t)

"N CONCENTRATION
PET number (arbitrary units)

=3
38
T

0 30 60 90
TIME (sec)

Fig. 2 Myocardial and left atrial time-activity curves
in a patient with hypertrophic cardiomyopathy.
The arow indicates an integration time T used
in the calculation of RMBF.

N

501

CALCULATED FLOW (ml/min/100g)

0 ] * 3‘0 » 6’0 K ' 5;0
INTEGRATION TIME (sec)

Fig. 3 Flow vs. integration time curve of Fig. 2. The
arow indicates the same integration time shown
in Fig. 2. The flow value before the arrow was
extremely high mainly due to the spillover of
activity from the left ventricular blood pool.
After the arrow, the flow value decreased
gradually as the tracer began to leave the
myocardium.
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Fig. 4 Relationship of RMBF determined with the
compartment analysis and the first-pass flow
method for 30 ROIs of 5 patients with hyper-
trophic cardiomyopathy. SEE: Standard error
of estimates.

W 1 A FERY 650 o MFEfE (~70 mi/min/100 g}
THRLL—HKLTWSD, [ENPRELRBIZO2NT
W HBIBARAS RSL L 72K 72 5.
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A#FETIR, RFTLAHMLTE (RMBF) &Rk %
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Bk L7, FIEJEREICE VESNS RMBF 28
ZWTHBEHITE, BHCbBRR7X 5 ISR
BT oMM 6Ok WH L2 ER T ERER
2R 4AN

Figure3 1x, T Zzn TikXHLTEHESNS
RMBF 0% (Time-Flow fhf#) &7 O TH
5. RISTRT X CHEMRHTERES TS L,
2B sh 3 RMBF i3 2 fitkic W+ 5. Fig. 2
L Fig.3 #5bb¥TE25 b, BIOEHK
BRI, DEOHKNESLHICbTRI T
ATWnB 0 Q) OBKEFES, T AKEL
o LEAMIIBITEZLICE D LEETES.
—F, BlEH @200k, DHEE: 5
DHEVHLIZEZ LD BRSNS, LizhsT,
HWH LoREBEDL T2, TETEZET
INELFTBMERSS. Lrl, TZ/HESLE
X2 L UBOBEER LN ZATWBHEKICAD,
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RMBF DKz {#<. WED BEDAT Vv
2A%EZ25161E, bhbhoBEBELTWBHIE
PR A& THy (Fig. 2, Fig. 3 IZRAITHRLTW3)
KT2BEOVPEYTHAY, TELEELNDLIIC
BALSEE, BTORCHLAEEL, Z0F&

i RMBF ok L e bici#EM+sLExbNS.

Fig. 4 3= v 3— b 2 v bMEHTICX 5 RMBF (x)
LYIEIESRED RMBF (y) 2 HEiL72 b D TH
Y, RMBF O/h&EWE EHED —FIZB WA,
ERKREL EBIZo2NTa vy — k2 v METIC
X% RMBF 0FhKk&ELE-TL 3. Zhid,
¥ S CPIEMEREO %V Y L RMBF {&F#E%
RLiborEx RS, THEOMIC 2 KEKE
HPTRHEELIT
y=1.8+1.097x—0.002037x2 ®)

DHGEBELNRS. WE, x DWW DD fEIRNR

LTyx&RkdDTHBE Tablel X Hichk Yy,
AMFERETH 5 x=50~100 m//min/100 g iz
BWTOWHEOMHEIEA 10% UNTHS. =
= b A Y MEFOMEMNIE LW RMBF 27RL
T3 W) HEEBRREIEVD TDH S D,
RMBF Zi/EHLT WS Lz EXIZ W, B
MEROERZEPHE LT, FIEHRERED
fEXIE L RMBF k 03Ei%, (31 Table 1 I3
LicbDLRNICAB EEx bR S,

PEnz b, bhbhiddRicksnwe, 4
< &b BERELHED £FAFHFAN DO RMBF
T, ERA»OIFEBECEHT 2 ke L
Zlcrkwz s, ROMBERE—ICARRICHEAL
72 RMBF 23RK®»23Z L Th Y, HZITEENE

Table 1 Comparison between the first-pass flow
method and compartment analysis

X y/x
m//min/100 g

50 1.03

70 0.98

100 0.91

150 0.80

200 0.70

x: RMBF by the compartment analysis.
y: RMBEF by the first-pass flow method.

BEB@EERACH L TAFEEERT 2 L
Thb. WTFhofaEb, FAFEEZ0x £EA
+5&, RMBF JIELWEL D b EDICFEM
ns.
F—DREICRHLTE, Fig. dpZlL&Eay
2R— kA v METICE 2 RMBF » o#fuEhiis
Buszlicky, i tbar"—Fr2v b
fEHTICX 5 RMBF 2 X D AEBICKRDBZ LI T
&%, BEOENELY RMBF ThH5 L\ IFE
EREREIEVDEDR, BMEROERL LMD
HEF LT, 2R ELATRFICOVWTIREVIEL
WEZRLTWAbDEEX LS., L L, T
DROFEMLS DR T 2 LEED5 5.
BoBEBEICH LTI, bhbhizEFNTE
AWTLH EDIEOKNENCRL Y EHETSH
BWERELTVWT, +4IC{EET & 5 FRE
BTnsA, ZhizonwTERcHEShE Y.

W BMERABCHRZY, FVFTAY b N=TE4E
BE LBHRR L T W e 2 W I iU IR EE S A B SR AT BT &R
4 7 v b v VEERSATE, EFMERRICECRS
DEERLET.
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Summary

Measurement of Myocardial Blood Flow Using N-13 Ammonia
Dynamic PET-Theory and Methodology

Masahiro ENDO*, Katsuya YosHIDA**, Toshiharu HiMI**, Akihiko KAGAYA**,
Hiroshi FUKuDA***, Takeshi IINUMA***, Toshiro YAMASAKI***,
Yukio TATENO*** Yoshiaki MASUDA** and Yoshiaki INAGAKI**

* Division of Accelerator Research, National Institute of Radiological Sciences, Chiba
**The Third Department of Internal Medicine, Chiba University School of Medicine, Chiba
*** Division of Clinical Research, National Institute of Radiological Sciences, Chiba

Positron emission tomography (PET) offers the
potential capability of noninvasive measurement of
regional myocardial blood flow (RMBF) in man.
Because N-13 ammonia exhibits properties which
to some extent resemble those of the radioactive
microsphere, we developed a first-pass flow method
for noninvasive measurement of RMBF. In the
present method, RMBF was determined by divid-
ing myocardial activity at time T by arterial input
integraled from the injection start to that time,
where time T is the endpoint of first circulation of
N-13 ammonia. Also in the present method a time-
activity curve of left atrium was used as the
arterial input function to make the procedure
totally noninvasive. To validate the present
method, we compered it with the compartment
analysis. 5 patients with hypertrophic cardio-
myopsthy (HCM) and with a considerably thick-
ened ventricular wall, were selected for the com-

parison between the first-pass flow method and the
compartment analysis. The relationship of RMBFs
by the two methods was y=1.841.097x—
0.002037x2 (n=30, SEE=5.5), where x (m//min/
100 g) was obtained by the compartment analysis,
while y (m//min/100g) by the first-pass flow
method. The result indicated that both were
almost indentical in physiological flow range
(<100 m//min/100 g), but that the first-pass flow
method understimated RMBF in the higher flow
range due to venous leakage of N-13 ammonia.
As the conclusion, we could at least measure
RMBF of HCM patient in the physiological flow
range by the present method. The future extension
of the method was discussed.

Key words: Regional myocardial blood flow,
First-pass flow model, N-13 ammonia, Dynamic
positron emission tomography.
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