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Inhalation scan using '@Kr-gas was performed in the various pulmonary diseases, in order to

examine the ventilatory function of the lung after the measurement of ratio of expiratory ratio in the

normal and diseased lung field.

In order to take inhalation scan, the patient is placed in sitting position at front of the LFOV

scinticamera and is forced to inhale mKr-gas through the nasal catheter leading from the ®Rb #=Kr

generator following the injection of 10ml air into the generator. The patient holding the

breath for 6 seconds forced to exhale. During this total period of 10 seconds, the phenoraenon are

stored into the Scintipac 200 mini-computor. Histograms are obtained in the upper and lower lung

fields bilaterally. The ratio of expiratory ratio in the corresponding field is calculated from the

following formula:
[kPa(o)—kPa(n)]/kPa(o)=FEVa(n)/(Va-+ 4Va)
Here:
Pa(o): radioactivity at the equilibrium
Pa(n): radioactivity after n seconds from the equilibrium

FEVa(n): expiratory volume in a period of n seconds
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Va: functional residual volume
AVa: inspiratory volume

k: a constant of proportionarity

AAEZRHRESME H9% $95

Inhalation scan is applied to the various pulmonary diseases such as lung cancer, radiation

pulmonary fibrosis and chronic obstructive pulmonary disease. In cases of lung cancer, there is

disturbance of respiratory function at the site of lesion when compared to the remainder of the normal

lung fields.

In cases of chronic obstructive pulmonary disease, the inhalation scan is performed at three

states such as pre-, in- and post-attack of the disease. During the asthma. attack the respiratory func-

tion is disturbed considerably when compared to the pre- and post-attack states.

In each pulmonary disease, the ratio of expiratory ratio is measured from the histogram and

pulmonary function is evaluated.
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Table 1 Case No., Name, Age, Sex and Disease.

A. Normal case 1.| K. T. 47 y.o. M Pituitary adenoma
. 2.1 K. O. 28 y.o. M Healthy
il I. S. 75 y.o. M Lung cancer
2. I. Y. 65 y.o. M ”
3.0 1. ]J. 54 y.o. M ” with SVC syndrome
i 4. O. A, 54 y.c. F »
s T. ¥. 54 y.o. F ”
B. Case of neoplastic 6. Y. M. 69 y.o. M ”
desease of the lung 7.1 H. §. 49 y.o. M » #  silicosis
8. S. T. 62 y.o. M ”
9. I.K. 71 y.o. M ”
10. | M. M. 55 y.o. M Thyroid cancer with lung metastasis
11. O. H. 54 v.o. ¥ Sarcoma of uterus with ”
12. H. K. 58 y.o. F Cancer of cervix with ”
C. Lung fibrosis M. K. 32 y.o. F
o 1.| T. V. 0yo | M
2. Y.H. | 42y0. | F
D. COPD | 3. O.K. | 23y0. | M
! 4. K. T. | 23y0. | M
! 5.1 H. I. 37 y.o. M |

Table 2 Comparative study of both lungs of exspiratory ratio in pre-, in- and post-attack of asthma.

View ANT. scan i POST. scan
Case | | S

| Attace Pre | In Post Pre | In Post
19 T. V. 1.44 1.14 1.34 1.16 0.90 0.89
2. Y. H. 1.37 1.34 1.07 1.07 3.08 1.12
P 0. K. 1.35 1.51 1.49 1.57 1.08 1.09
4, P i | 1.36 0.66 1.29 1.19 1.37 1.70
5. )5 I 1.34 1.49 0.92 0.73 1.39 .90

BRI 35 L OV BIREED 2 Jih v b 4 2 fiqT

%

BERTH, B2 v Ea—2HNOF— 2%
EFTB L koT, RIBARO SHE - [EL
F&® RI BhfEA 45 2 = ~ CTREEFINCHY T 5.

7, OO RIBfEge+EECL, Efkx
Ol % k¥ X O FIKE S, chEhoK
Bz W T 5 4 20 B Region of Interest
(BAF RO LWg3) RFFICHE L, X0
BBz Wines FEV OiRREE ToOSHEED

L& 0.5F DR E LT ERT B, Zhb
DOFAER B, FEHPEGEL S ks 5
Z Expiratory ratio w3l L, Wik X O'EENg8ED
B OFHC I 59 % 4 KEIZ2\TFEF8 5 H
T5.

BRI WTik, A%+ vk FPER (Pre),
FetErh (In), FE(EHE(Post) D 3 1T L, 4 «, i
BIUBRMEEX D D 2 Jm X O Lz, Ha0
A% 5 T, Ik 445EL, £xoOKED RI
A, RI o2 lzE, e, i
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Fig. 1

Right: The chest X-P in P.A. view is normal.
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47, Male, normal

Left upper: *™Kr inhalation scan in posterior view shows *'™Kr gas to be distributed in the upper lung

field slightly less than that in the lower lung field bilaterally.
Left lower: Histogram shows regional expiratory ratio to be 0.42 in right upper, 0.36 in left upper,
0.71 in right lower, and 0.67 in left lower lung field respectively. (cf. Table 1. case 1)

Table 3 Exspiratory ratio in normal case

| . View _ ANT. scan POST. scan
i Cass | a4 | 5 | ¢ | p | a B | ¢ | »
2. K.o0. | 033 | 0.3 % 0.70 | 0.7 = — ~ —

A : Right upper lung field
B : Left upper lung field

S R o v ric o & AN/ Hd
FHU L7z (Table 2). R{EIZ 4D 7 vy VI
LOBRL, BREMCHEEEFTHD o & 2R
Lic. REBOAF + V1T, BAZORBC LD
BEERDSEE L, M EREYRDI{I-T

D : Left lower lung field

B lEfT L.

@ RI orfHEo

RI o ER % SEEHIo RI 5 & v b LB
HB—ERREE o R o v b 2 B 35 -
B, DRl nins B LA RE L.
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Table 4 Exspiratory ratio in neoplastic diseases of lung. (case 1-9 : lung cancer, case 10-12 :
pulmonary metastasis) (Gothic indicates the sites of lesion)

T~ View ANT. scan POST. scan

Case ~ A B C D A B C D
. X. 8. 0 0 0.31 0 — . S —
2e. I, X. 0.30 0.03 0.38 0.40 0.23 0.30 0.30 0.33
3. I.:]. 0 0.10 0 0.43 0.19 0.23 0.39 0.44
” 0 0.50 0 0.77 0.13 0.40 0 0.58

4. 0. A. 0 0.21 0.25 0.28 0.27 0.27 0.27 0.28
T P 4 0.08 0.30 0.24 0.25 0.19 0.16 0.16 0.32
6. Y. M 0.19 0.43 0.19 0.57 0.13 0.26 0.14 0.44
7. H. 8 0.50 0.53 0.06 0 0.31 0.20 0.39 0.38
8. 8. T. 0.40 0.42 0 0.50 0.38 0.38 0.38 0.68
9. I.K 0.40 0.39 0.38 0 0.46 0.46 0.55 0.25
10. M. M 0 0 0.37 0.36 0.41 0.38 0.40 0.47
11. O. H. 0.35 "~ 0.51 0.68 0.72 0.50 0.53 0.66 0.77
1200 P HA R, 0.17 0.28 0.51 0.47 0.39 0.31 0.55 0.52

Table 5 Exspiatory ratio of each ROI/expiratory ratio of total lung field in neoplastic disease of lung.

T View ANT., scan POST. scan
Case <t 1A B | C D A B c D
1. 1. 8 0 0 1 0 — — — —
2. |I. X 1 0.01 1.22 1.29 0.32 1.07 1.07 1.18
5. 1. 0 0.71 0 3.07 0.63 0.77 1.3 1.47
0 0.82 0 1.26 0.33 1 0 1.45
4. O. A. 0 1.05 1.25 1.4 1 1 1 1
5. T. Y 0.35 1.30 1.04 1.09 0.70 0.76 0.76 1.52
6. Y. M. 0.48 1.08 0.48 1.43 0.5 1 0.54 1.69
7- H. 8. 1.79 1.89 0.21 0 - — -— —
8. 8. T. 0.91 0.95 0 1.14 0.76 0.76 0.76 1.36
9. I1.K. 1.05 1.03 1 0 1 1 1.17 0.53

WAT 5 M=Kr 5 ARBAZEKO 255 % VC,
WALl RI B%#P L L, Sk bolus flow ¢
WMALT, THLHIC BFR Va OFERARTYH
—t s b0l Ts., i, Va DI AB
“mKr i ARAZELORR Y 4Va, SEEHIHRIO
RI §#% Pa (0), FRHPAIAE » Bic/sfE FEVa
(@) %P LcFo RI BREY Pa () &L75.
RI B3» v v B TH50T, ZOHAER
wkiTBre, FHKAKCASL RL & Pa (o), Bl
% Pxd4VafVC i3 kPa (o) v vt Linh. £
DEFOIRA RO RI #2E13 Pa (0)/(Va+4Va)

b, n PECEE X5 RI Ho vk
FEVa (n) xkPa (0)/(Va+4Va) &icn. = h
1% kPa (o)—kPa (n) TH 50T, KAH BT

T5.
kPa (o) x FEVa (n)/(Va+-4Va)=kPa (o)—
kPa (n)
#-T,
FEVa (n)/(Va+4Va)=[kPa (o)—kPa (n))/
kPa (o)

YT, fEikA OISR EHR S X U8 nfbhh
DRI v IhEHBTES.
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Table 6 Exspiratory ratio in pre-, in- and post-attack in cases of COPD (Asthma)

T View ANT. scan POST. scan
C a?(::tack _ Pre In Post Pre J In Post
A | 0.15/1536 | 0.16/1322 | 0.25/1479 | A | 0.25/1263 | 0.18/1368 | 0.26/577
oy B | 0.20/1355 | 0.09/1338 | 0.13/1145 | B | 0.19/1143 | 0.16/1556 | 0.23/663
S C | 0.30/1663 | 0.32/1346 | 0.38/1732 | C | 0.50/1270 | 0.35/1296 | 0.37/1205
D | 0.24/867 | 0.32/1011 | 0.35/1258 | D | 0.40/1023 .28/1417 | 0.38/1331
A | 0.20/1450 | 0.07/1370 0/1040 | A | 0.28/1500 | 0.26/1700 | 0.11/1140
_n B | 0.14/1260 | 0.17/1500 | 0.13/1120 | B | 0.28/1500 0/160 | 0.09/1120
B > | 0.37/1420 | 0.35/1747 | 0.20/1020 | C | 0.59/1550 | 0.81/1100 | 0.35/1300
D | 0.40/830 | 0.46/820 | 0.23/800 D | 0.63/1360 | 0.4/750 | 0.39/1060
A | 0.24/900 | 0.23/1350 | 0.61/1400 | A | 0.82/1140 | 0.56/720 | 0.29/730
3 0. K. |B 0.14/880 | 0.29/1040 | 0.34/820 B | 0.20/840 0.5/760 | 0.20/650
i > | 0.39/1800 | 0.37/1500 | 0.50/1080 | C | 0.41/1350 | 0.36/970 | 0.50/1200
D | 0.32/1130 | 0.18/850 | 0.59/850 D | 0.16/750 | 0.50/800 | 0.39/1120
A | 0.18/1414 | 0.22/738 | 0.29/1080 | A | 0.26/1380 | 0.20/875 | 0.32/1059
P 3 | 0.18/1237 | 0.21/1524 | 0.32/1170 | B | 0.27/1157 | 0.16/1062 | 0.25/324
| 0.32/1597 | 0.17/917 | 0.42/1385 | C | 0.42/1644 | 0.17/1841 | 0.40/1474
D 0.37/971 0.23/971 0.30/745 D 0.53/1383 | 0.20/912 0.28/666
A | 0.07/1486 | 0.22/900 | 0.21/742 A 0.2/675 | 0.34/863 | 0.26/616
5 . 1 B | 0.16/1366 | 0.29/840 | 0.24/928 B | 0.16/1000 | 0.30/723 | 0.17/935
C | 0.20/1906 | 0.41/1700 | 0.85/1419 | C | 0.30/1298 | 0.35/1570 | 0.36/957
D_| 0.21/1161 | 0.42/900 | 0.37/1431 | D | 0.27/1710 | 0.41/1029 | 0.32/1307
Table 7 RI counts of each ROI/RI counts of total lung in neoplastic disease
of lung in the equilibium phase.
T~ View ANT. scan POST. scan
Case - | AT B/T C/T D/T A/T B/T o/T D/T
. I.8. 0.14 0 0.63 0.23 — — — —
I. Y. 0.24 0.16 0.32 0.28 0.24 0.16 0.32 0.28
N 0.26 0.23 0.23 0.27 0.26 0.31 0.19 0.24
0.07 0.37 0 0.56 0.13 0.28 0 0.59
4. 0. A 0.19 0.23 0.28 0.29 0.17 0.26 0.26 0.30
5. T. Y. 0.16 0.26 0.26 0.32 0.22 0.24 0.22 0.31
6. T. M. 0.15 0.43 0.14 0.28 0.22 0.28 0.20 0.30
7. H. S 0.26 0.23 0.39 0.12 — — -— —
8. S. T 0.21 0.35 0.02 0.42 0.25 0.29 0.07 0.39
9. I.K 0.33 0.34 0.30 0.03 0.37 0.34 0.22 0.07
ChkelfcBimT i, 1 B3R Uil EWAITx, EME»o T Ec, RIL
BRERENTE D LE2 5. ok, SER AT, EEHm L2, LT, kil Rl @
BEOREIDIIRL, ¥V TV VI EL A LS BANIR, BT & o TEILRAE Cleds, & X
RRZED oD 5 T2l SEI D\ THIE Lie. BHRSTHED AR Ly X & —F LT i,
4. ¥ B AR R Teh o T (Fig. 1), o EHIRZ

D E\ifgicount TEWTUL, BREMXEERCRWTED bR
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DHUHBHY, BRANCREEZREDL T, &
TEDMR\NT B & & dboin o fo. —Ji5ER] 8 O
<, FEMERiE LR Licgianc b, R ks
BRI - TWBHIEMDL H - 7.

2) RI oM:HF Iz T
EFAIC, ERERE TR LTE L T
HEMHBH D, Zhik, BEREEOERC X %
bhoHEBx bR LidisT, Bxolihs
R T Az L E L, EEMCR T, &
A RN, FIEE b shthug A ER
BB ieh o fz(Table 3). Jfifi o [fIEHFE B>

Fi. 2. 54, Female, lung cancer (right)

Right upper: Chest X-P in P.A. view shows a round tumor density of 5x5 cm in the right hilum.

Right lower: Bronchogram shows abrupt obstruction of B, and B, bronchi.

Left upper: *'™Kr inhalation scan in anterior view shows lower uptake in the right upper lung.

Left lower: Flistogram shows the regional expiratory ratio to be lower in right upper lung when comp-
ared to the remainder of the lung. (cf. Table 2, case 4)
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Fig. 3 49, Male, lung cancer

(left) and silicosis

Right upper: Chest X-P in P.A. view shows generalized miliar density throughout both lung due to silicosis.

There is a round density in the left lower lung due to lung cancer.

Right lower (left): ®™Kr inhalation scan in anterior view shows moderately lower uptake in the lower

lung field.

Right lower (right): **™Tc-MAA perfusion scan shows a defect in the left lower lung.
Left upper and lower: Histogram shows the regional exspiratory ratio to be markedly lower in the left

lower lung when compared to the remainder of the lung. (cf. Table 2, case 7)

Tid, i U TxiB A Gty RO OMEHRIT
fEEX TV ABANH D, FHILEIEENRE
R ENIESRC g LT X b -'%’I'cf Hote. B
R FEMENEEAIC ST, KiREA 4T ROI @
MR ARl RS b LERE (p<0-00) el
EOHD T &k, §il, BRI 2 JiAp) < F-f
. BB LT, EFIC X AW A2

5 vF u@?#ﬂﬂéﬁu % ROI oI # 4

Ao 3 T L7z (Table 4, 5),

fcw‘&'”, WA F » v TOk, £ itk
5L, 6IEM 7 HACo X, WATHOMTHR
vk, SEHEME0.120, ZEEH0.042TH D, IO
WL, F51H0.851, Z0.177TH - 7-.

B A+ v TOK, A R4 i35 &,
6 EF 7 HiAE 1o &, RSO MR SR SEEE

0.069, ZEHh0.033THH, EEHOFHIRL, F
#3fifi1.301, ZEHH0.758TH 5.

B A+ ¢ v TOR, AL ki35
4IERI 5 AT 2T, R ORI,
i50.632, ZH0.062TH D, fEFHHHOFEHIR T,
SEH(H0.906, ZEEH0.066TH - 7o, 7275 L BEHE
Bl 215 p<<0.05THEHI LIz, =L, WELILsE
4B%ET, FFEIR LT, ot
PR EEFETE THEREL TV EE LR
MHETH-T

BRI A+ v v TOL, BT LET &

5 fEGI 5 A IC 2T, REMOMEHEK I, T
{iti0.626, ZEWH0.220TH D, I HOEHH L,
T3iE1.428, ZE)0.036 TH - 7.

T DRSS, R & IRER O H R oM
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Iig. 4 54, Male,

Right upper: Chest X-P in P.A. view shows moderate

moderate elevation of right hemi-diaphragm.

lung cancer

widening of the mediastinum associated with

Right lower (left): ®™Kr inhalation scan shows moderate disturbance of inhalation in the right lung.
Right lower (right): “™Tc-MAA perfusion scan shows slight disturbance of blood flow in the right

lung.

Left upper and lower: Histogram shows marked disturbance of ventilation in the right lung. (cf. Table

2, case 3)

% DIERHB THIEZE D bl

ot Bcx, TR bz ﬂ‘iiéﬂ-f'-*c‘-'im
s, BEHEEREE 4 PO & B ICIEF R & e~ b
BT, AR L & —F LT\, PAgEREREE
BT, BECXsEWUETE2ED, B
E{ —F LT\ 7z (Table 5),

3) RI »w v rHcoWT

HGHED GRS L L, RI v FECAH L
7=y, RI # @ v P ro#asdiig, 2=Kr 520
WHECIAFEALBEZEHYOWMAD 2 4 3 v 7T
IO LT HoTHATCE 1. £ 2
T4 ROI t&filitoh v v ibk XOLM LA
i oh e v b L, iR O BREHE 2 B
oLt

filioo g R Tk, B SN B D &

A Ete RO @ RI w7 v b Rhs Sl fi
Wi B U TEROEND B Z L, i, %

M, © 2 JjE e <122 T F-fR%E Liz(Table 7).

T A ¥ » v COK, 43 BN % g4 5 &,
6 FiEG 7 s I oW TR RT o v b 42
fiio RI 3w v b ik, SFHME0. 141, ZE80.070
ThhH, lEHO R Hy v r/gliio RI 5w
Vb HE, PEI0.271C, ZEEH0.009CH - fe.

A &+ v TOX, A7 P4 i35 &

6 JEH 7 HAE oo\ T, RO RI A v b f
gfifio> RI o v b bk, F¥ 1l 0. 110%568),
0.009TH b, IEHHo RI % v ~/40io RI
hwov kI, FM0.407, ZEH0.020TH -
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Fig. 5 54, Male, pulmonary

BRSO M £ e il 5394 W0 &

metastasis of thyroid cancer

Right upper: Chest X-P in P.A, view shows multiple metastasis of the lung bilaterally.

Left upper:

#mKr inhalation scan shows slight disturbance of inhalation in both upper lung fields.

Left lower: Histogram shows slight disturbance of ventilation in upper lung when compared to lower
lung when compared to lower lung bilaterally. (cf. Table 2, case 10)

Bifi A+ » v CoKE, A LEWNES%LiEd5 &
5 4 19J6+§:f'; oW, RO R Ay v
zhfio RI v v ik, SES(E0.193, Z5H)
0.002TH D, {FEiHo RI 5w v /4lfio RI
Ay v b ek, EISME0.268, ZEH0.037TH -

Jom

[ Lo

B A » v TOK, % 45 &,
4 EF 5 AL T T, o RI sy v b
2Nl RI 7 oo b Foik, SEIS(H0. 1064550007
ThHY, BEHO RI Hw v b /&llio RL »w
v b ek, SEESMiEO0.318ZE 0,037 TH » -,

T OFRERE,  (RF & R 2 o 4lifiic 32

RI o v b o, 5 %0 ks c A%
DR B,
IA'-IJ.“FI?|II1H} JBOITE, P RI 2w v bz
& [N A5t Urz(Table 2), = o
l'l:f?);ﬁflwm, FlErh s L ORIFRIC BT 5 2 by
B L. ffvltf-*’ﬂ-‘zfﬂﬂka-n':"%i‘%iifﬂJ W<, RE
A RcER s B B
4) fhokt s wf{:'hsa
SR X A v v F DSt oE L LT,
MH[, HAT AL, SGE TSR, YnTc-MAA o
AN A *+ v v,
I ‘[9'!9’){['1 Cak B <,
5) JEMIHER

L kY oy LR

A A w EETLT LIoA,
X <HBI LT
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Fig. 6 32, Female, pulumonary fibrosis

Right upper: Chest X-P in P.A. view shows moderate increase of linear density bilaterally.
Right lower (left): ®®Kr inhalation scan shows moderate disturbance of inhalation bilaterally.
Right lower (right): “™T¢c-MAA perfusion scan shows to be normal.

Left upper and lower: Histogram shows slight disturbance of ventilation.
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Fig. 7a 23, Male, bronchial asthma (pre-attack)

Right upper: Chest X-P in P.A. view shows to be normal.
Right lower: ®'™Kr inhalation scan shows uniform distribution of RI in both lung.
Left upper and lower: Histogram shows to be nomal. (cf. Table 3, case3)(cf, Table 4, case 3)
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Right lower: *™Kr inhalation scan shows moderate disturbance of inhalation in both lung.
Left upper and lower:
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Fig. 7Tb 23 Male, bronchial asthma (in-attack)

Histogram shows moderate ventilation disturbance.
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Fig. Tc 23, Male, bronchial asthma (post-attack)

Right lower: ®™Kr inhalation scan shows slight disturbance of inhalation remaining.
Left upper and lower: Histogram shows apparent recovery from the attack.
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Fig. 8a "12_._ Female,

Right upper:
Right lower:
Left upper and lower:
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bronchial asthma (pre-attack)

Chest X-P in P.A. view shows to be normal.

SimKy iphalation scan shows normal.

Histogram shows normal. (cf. Table 3, case 2) (cf. Table 4, case 2)
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Fig. 8b 42, Female, bronchial asthma (in-attack)

Right lower: *'=Kr inhalation scan in posterior view shows moderate disturbance of inhalation in left lung.
Left upper and lower: Histogram shows moderate disturbance generally, particularly in the left upper lung.
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Fig. 8c 42, Female, bronchial asthma (post attack)

Right lower: ®'™Kr inhalation scan shows to be almost normal.
Left upper and lower. Histogram shows to be almost complete recovery in ventilation.
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