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Attenuation of Reperfusion
Phenomenon by Reperfusion Using
Leukocyte-Depleted Blood During
Direct Percutaneous Transluminal
Coronary Angioplasty for Acute
Myocardial Infarction
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Leukocytes are important in the occurrence of reperfusion injury in coronary intervention for acute
myocardial infarction (AMI). This study compared reperfusion injury caused by reperfusion using leuko-
cyte-depleted blood (LD)and that by conventional angioplasty (control) through the reperfusion phenome-
non including reperfusion arrhythmia and additional ST elevation during direct percutaneous transluminal
coronary angioplasty (PTCA)in 41patients with 21 left anterior descending artery (LAD)lesions and 20

right coronary artery (RCA) lesions.

LD was prepared from 20 m/ of venous blood, 20m! of mixed blood and 60 m! of arterial blood from the
patients (LD group; LAD-LD: n = 10, RCA-LD: n = 10) which was passed through a leukocyte removal
filter. The blood was injected from the tip of the balloon catheter at 10 m//min during inflation for 10 min
before balloon deflation. The control group (LAD-control: n = 11, RCA-control: » = 10) underwent con-
ventional angioplasty. The appearance of reperfusion arrhythmia [atrioventricular block (AVB) >1I,
accelerated idioventricular rthythm (AIVR), ventricular tachycardia (VT), ventricular fibrillation (Vf) ]and
measurements of ST, deviation before and after reperfusion, the differences of the ST, deviation( A ST) and
additional ST elevation (LAD: >0.5mV increase of 5 ST in lead V,— V¢, RCA: >0.3mV increase of

S, STinlead I, Il and aVF) were studied.

The appearance of reperfusion arrhythmias was as follows; LAD-LD: AVB 0, AIVR 1, VT 1, Vf 0,
LAD-control: AVB 0, AIVR 4, VT 2, Vf 1, NS, and RCA-LD: AVB 0, AIVR 0, VT 0, Vf 0, RCA-con-
trol: AVB 2, AIVR 0, VT 1, Vf 0, NS. There was no reperfusion arrhythmia in the RCA-LD group. There
was no significant difference in the appearance of reperfusion arrhythmias between the LAD-LD and

LAD-control or RCA-LD and RCA-control groups.

Before reperfusion the ST, deviation (mV)was LAD-LD 0.86+0.46 vs LAD-control 0.74 + 0.49 and
RCA-LD 0.29 £ 0.18 vs RCA-control 0.15 £ 0.09 and after reperfusion LAD-LD 0.63 & 0.35 vs LAD-
control 0.81 = 0.49 and RCA-LD 0.13 = 0.15 vs RCA-control 0.20 = 0.12, respectively. There were no
significant differences between LAD-LD and LAD-control or RCA-LD and RCA-control groups.
A ST(mV)was LAD-LD 0.23+0.56 vs LAD-control 0.07£0.60, p = 0.09 and RCA-LD 0.16£0.12 vs
RCA-control 0.06 *0.14, p = 0.002, respectively. The number of patients with additional ST elevation
soon after reperfusion was LAD-LD 3 vs LAD-control 10, p < 0.05 and RCA-LD 0 vs RCA-control 8,

p < 0.001, respectively.
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These results suggest that reperfusion using LD could ameliorate the reperfusion phenomenon in AMI
associated with RCA lesion but not LAD lesion. Our method of reperfusion using LD was not adequate for

the therapeutic application of AMI.
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T4, LHEEIHT LML 7 MERWEEIR
FBA#T (percutaneous transluminal coronary angioplasty :
PTCA) FEATHIZ B\ T HILIK % Br 3= L 7-Bh#F IR I %
AVEmMFES T BIRCBERT 5 FEEERL. £
ZCHRE%, T T 174 (left anterior descending artery :
LAD), AEEIR (right coronary artery: RCA) D %R
ZICxt UTRifT L, RESEERGEER RO,
BErERE L. BERGEILHEEOLK, FiE
WEAER, MEREE, —BEIMEEN4OL S
N5B? A5, BAISHEREICL AN RERRM
e STEAZHERBARLEL, ChHLOHAKDOHE
FERRRE & HBURETT 5 2 LI & ) BERBERRL
REHEL.

MR EHE

199541 A— 1996 12 B2 ¥ 4 L 7 } PTCA % HifT
L, EEERENEOFHBEICEI LS 0HIEE
B (BEGREBLUA, BELA22ULEOFEIC
0.1mVUEDSTER%2RDH2bD) 2R E L.
Yav 7iER, BEICHEEOBRGED S SEN, B
7ay 7ER, FEEEMES, Rentrop I EL LD
BlmATE A 3 5 AEBNII BRI L 72,

YIRIZBITAEHMRBEMFEREXRRT S
(Fig. 1). ¥4 L 2 FPTCAMITERIC, BEDKE

H Electrocardiography
B Myocardial infarction (acute, treatment)
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B Ischemia (reperfusion)

Bk & RBRBIAR & bR L, BARIM20mI, BA M
20ml (B#AR M 10m/ + BYAR ML 10m?), BHAR ML 60m! % #
&3 5. OXICHMERBRET 41 VF =1~ V%28
L, #fif L8R, RAMm, BHARMLZIEICE LB
HipEM e L7z,

BIEKERE 7 1 V& —1213)I1ELF T ¥ 5 Pall RC-
XL2H Z vz, 2D 7 1)V % —i2800mi D Red cell-
M-AP(RV=F—N, TF=r, V) VESRRNEE
BEARMLER) AEB T RE T, HMIRBREFIT499.99—
99.999% T 5b. K74 NF—I3F) 7L ¥ gkt
BT, 2R ZHMIKBRERTHS. & (ITHEK
DBRERIROE L, BHIROBRERIE. 1) %
KiIIBMME, NKMaoRERIE L, THRTI
CD4* L) HCD8*DIT) BBREINRLTVE V) H
mhsd 59,

D &2 H MERFR 2 M7 #E B (patients reperfused
using leukocyte-depleted blood: LD &) & X} FBE %# LT
DEITHTEL.

LD IZ@BEDOL —/)N—HT7 4 ¥ —DPTCA TH
EIIHA FIA Y —%@BEL, NV—C %R, OF
WZHA P74 Y —%5| &K E /v — VIRFICHMER
FREMmME, #Rm, RAM, BARMOIEIZ NV—2H
T—T7NVERL D 158 10ml, A 105 ERIEICHR
LR L7ERAREE Lz, REERMIOPTCATI
SE DV — VIR BLR (conventional angioplasty)
L7-fEBIBE L L 7= (Fig. 1).

£415 % LDEE L XBEICHT, ThE &6 2%
EFMEALAD »RCAMIZE ), LAD-LD# (10
), LAD—xtHB#E (11 61), RCA-LD & (1061), RCA—
HEREE(106)) D4BEICHEL, SROLDE, xHE
M CHEE, R, FHBBERE, & Kcreatine
kinase (CK) f, %K CK-myoglobin (MB) &, FE#Eitk
TEMRFEAEFEE, STRA, AST, ST LAES
DEAHFE % LBRET L 7-.
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Guiding catheter cannulation
Guide wire crossing

Balloon inflation

Patient's blood
Venous blood 20ml
Mixed blood 20ml
Arterial blood 60ml

1T min inflation

(Control) n=21

at 10mI|/min

(LD) n=20

BERMEANEIR IS HERBER 2 S SOH%RICHI L7
RER [B= 71 v 7 (atrioventricular block: AVB),
HENRPE 22 T8 (accelerated idioventricular rhythm :
AIVR), /243 (ventricular tachycardia: VT), /[ 2
#HED (ventricular fibrillation: V)] & L7z, AVBIZ I B
Utbndb o, VT LEIIMGE4EFED L L.

STIRAZIZLAD & RCA € 2D\ CHHET A%
DST EADRKMEZFHM L7z, F 72 BEG O FHER
HIRDORAKSTDZEE & V) AST(ERDKAST fi—
A AR STMH) & L7z,

AINEY ST LA PRI ISV — VIR X Y
LSTAER LK LEL, LADTIEV,~-V,Tsh
0.5mVELEDEH LR, RCATIFI, WM, aVriZTah
0.3mV LA E DB EFAAR SN ER & L.

Heatid Stat View 4.2 % Fivy, PTCATRI# D STZALIC
DWTIHEDIELDH S ANOVA %, F7-4EH#, FBR
WEFHE, RACKME, ®ACK-MBfH, ASTIZDOWT
13 unpaired #8258 & £ B LD #E & oHIEHE & TFT o
7o, BEITTFHEERFETEL, FhEFhp<0.05
TRETFEIICER L Lz, S 51, REIRAERIL,
A ST EREBIE D BT IE, &I LD BE & *f
BEL T PRELZIT, p<0.05 2HMAHENICEE L
L7

nA %

SREFNZ BT, HMERER S M3 T 5838 Y AT §E
Thole. TNV — Il OfHEN A U7 5l
AoNrolz. ZDIED, HIMIKERZEMMEA SRR
EREDONDLEHHERIRRD Lo 7z,
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10 min inflation injecting
leukocyte-depleted blood from
the tip of the balloon catheter

Fig.1 Direct percutaneous transluminal
coronary angioplasty (PTCA) reper-
fusion using leukocyte-depleted blood
(LD) and conventional direct PTCA
(control) groups

1. BBRER
FEM TR, PR, PHEBORRNIC 3 HEEY
DA77 (Table1).

2. (LEREIEEESR

EHREIZ BT BIACKAE(UN), Kk CK-MB1E(U/)
I L7z, K CKfEIZ LAD—-LD #: 4,880 =679 %
LAD—#J HE 7 6,929 =877, RCA—LD #£ 2,193 =403 %t
RCA X} HE#E 2,641 +346, K CK—MBf#iZ LAD-LD
138245 % LAD— #E#: 433+ 67, RCA-LD #£ 161+
28 Xf RCA—XIHE#E 253 £40 TH ), LAD-LDHE: &
RCA-LD#E, ZNENLAD—IHRHE, RCA—RFHRHE:
LD THEEZE %D H > 72 (Table 1).

3. BERMETER

LAD-LD# TIZAVB 0, AIVR 1, VT 1, Vf 0%,
LAD—XJHEHETIZAVB 0, AIVR 4, VT 2, V16, F7-
RCA-LD#TIZAVB 0, AIVR 0, VT 0, Vf 0, RCA—
XFHRFETIZAVB 2, AIVR O, VT 1, VEOBITH o 72, L
7235 T, FHERMAEIRICOWTIZLAD-LD# &
RCA-LD#E ZNZNLAD—FE#E, RCA—xTHRE: L
DHETHEZEELRBOLRVWHDD, RCA-LDHETIZH
ETLEAEENRIE A S5 N7 0> - 72 (Table 1).

4. STRAL

EHHTSTRAL (mV) & L L7z, BT
LAD-LD #£0.86 =0.46 X} LAD —*} i # 0.74 +0.49,
RCA-LD#:0.2940.18 % RCA—#FIB#£0.15+-0.09,
HET % 1E LAD-LD #£0.63+0.35 %) LAD—%J Fa#£0.81 +
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Table 1 Profiles and results of patients reperfused undergoing LD and the control groups with
left anterior descending artery (LAD) and right coronary artery (RCA)lesions

LAD-LD LAD-control RCA-LD RCA-control value
group group group group P
Age (yr) 60+2* 69+5 67L4** 73+4 NS
No. of patients (male/female) 10(7/3) * 11(10/1) 10(8/2) ** 10(7/3) NS
Reperfusion time (hr) 23+24* 26+1.2 2.6+1.5* 2.7+23 NS
CKumax (U/) 4,880+679* 6,929+877  2,193+403** 2,641+346 NS
CK-MB,.,, (U/l) 382+45* 433167 161 £28** 253140 NS
Atrioventricular block 0 0 2 NS
Accelerated idioventricular thythm 1 4 0 0 NS
Ventricular tachycardia 1 2 0 1 NS
Ventricular fibrillation 0 1 0 0 NS
*p value compared with LAD-control group, **p value compared with RCA-control group.
Explanation of the groups as in Fig. 1.
CK =creatine kinase ; MB =myoglobin. Other abbreviation as in Fig. 1.
Il LAD-LD group (10)
LAD- trol group (11
o control group ) P=0.09
(mV) (mV)
1.5 —— —_— 0.3 T
1.2=- 0 = L
0.9 'J ] NS -0.3=
0.6 -0.6=
0.3 - -0.9= Mean+SD
Mean+SD

Before reperfusion After reperfusion

STmax deviation

LAD-LD group LAD-control group

AST

Fig.2 ST, deviation (left) and the difference in ST, before and after reperfusion (AST; right) of

LD and control groups with LAD lesion

Explanation of the groups and abbreviations as in Fig. 1, Table 1.

0.49, RCA—LD #0.13£0.15 % RCA -3t BB % 0.20%+
0.12T» Y, LAD, RCAL JIZLDEH TSTDETH
mAs& b7z (Figs. 2, 3). AST(mV)IZLAD-LD
B — 0.23+0.56 5F LAD—% FB#£0.07+0.60, RCA-LD &
—0.16 £0.12 % RCA—-x 8% 0.06 £0.14 TH V),
LAD-LD & (p = 0.09) »5xt BB IC L RE W IC S
Y (Fig. 2), RCA-LD# (p =0.002) I3 X BREEICHARE
B (2{&A o 72 (Fig. 3).

5. {ThEYST LA

f+1n#9 ST L AEFIZ LAD-LD & 341, LAD—X R
B 10461, RCA-LD#O0f], RCA—XHRESHTHY,
LAD(p<0.05), RCA(p<0.001) & b LDETAHT
& - 7= (Fig. 4) .

% ES

SMCHEE B CEBRAZERE 2 BRI ISR
LBEREFEL LI}, HHEEROLOERTD
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(mv) [ RCA-LDgroup (10) P=0.002

0.5 @ RCA-controlgroup

(mV)

0.4 = T 0.1 -4 ‘
0.3 0 =

0.2 0.1

NS ———

0.1 = -0.2=

0.0 i -0.3=—

Mean+SD :NS Mean=*SD

-0.1

Before reperfusion After reperfusion

STmax deviation

RCA-LD group RCA-control group

AST

Fig.3 ST, deviation (left) and the difference in ST,,,,, before and after reperfusion(A ST ; right) of

LD and control groups with RCA lesion

Explanation of the groups and abbreviations as in Fig. 1, Table 1.

5. L2 LBERISBEONZIZO»2DLOT, £5
Beo TOLEAEEIEICHES Z L2 ie s hY, Hi#E
WIZE BB T H2ELEEE SN ICE 7.
Kloner 52 IFERIC & 2 0B EEL LHBEEOLK,
BEREAER, OEREGE, —BEIEEEN40
XSG LTELD.
BERBEDOAN=_XLDBAINSLIZOoN, Th
ERETARFLLTIV -5V AN, IVMR?, B
MERABREEBE SR TS, T)—=F T HNVAHINRY
VxRS THERBEOER B L DS D
0 pH DA, THHITER, BROTRLMELE
PO MRHERBOEEES2ITH) dOTHY, KTl
BHOMBERICELTRHALNIZb DT L dh o7,
HIMEKEFERBECBN TS T T B2 £
LTBY, UTFTOLS R eM@EHINRTWS, gl
REFICL2ERICE AMAREEY, ¥4 bh4 VE
HIZE B E 5% 5HMEROBEERE?, MizkEsR
FEEIZLLIAENDOEERES, 15 —-uf*
~-1, TNF-a A" FHEEEE, TuF77—+9 (2
IBLHBOERBELLTHS.

19834E, Romson 5¥ (&, FERBED X 6% 5.0
B RET 5 RERCORERYE L L THIMmMEKIZHE
BL7. 4 XOEEKE 07EK%E, MEOKRES
By L ICMmEEBERAL, 305 L IC6EMARDH
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HIEGEE S miE2 EALBS pLEEY A X0
BAE@/IzE L7z, 19904, HELY 134 XDEE
ZBWT, MEILERAT O % v BERE, &40
D10 HICHMEKBREmMEZ VA Z LIi2& ) CKIED
el L HBBEEOER > EHEMICHERLL. T2
19944, Sawa 5 IZBE/NA SAMEEIZRITY 105
M B MmEkBR 2= 1M % A VB L, CKIEQHHEIR 7 7
37 IVHERAEORAEHRE L, BMERBREFERE
DERBZEREEHELPICLE. LALWThoOR
HELEEFHOYE, HEFEOHBFIICTTEISELTY
Z\,

BAVHERKRT, HOo»PLBERBEL*R LSS
HEERY B DH, LEHEZEIIK L TPTCA 4TV /N L—
VRRL-EETHAH. L EILHHEELER
BBRMEIC LR~ v =, HEEZAEEENS S
EbHBH. FERE L DICERHICHET 2HEERRS
ELTRIMMSTERYH 5. ZhIZEHREER,
LIZSTERDPHEZFL 253 0DT, RBEFEIIBVT
X, Vi-VsTEE0.5SmVU ELDEMERYD B5E
EEEIND Z LMLV Kosuge 5'9 I3 RTEERE
EIBTHMMBST LAER L BEI & s L, B
BEEEREBAFRE 2 5 1M N8Y ST L F-FI25HF B
BRIR D QKD FEM OB, BBUEED STRILD
BRAKRE L, ST EARSLBERGBELE
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LAD-LD group *

LAD-control group
9%

y

91%

RCA-LD group**
0%

RCA-control group

20%

»

100%

Patients with additional
ST elevation

ST elevation

Q Patients without additional

Fig. 4 Percentage of patients with additional ST eleva-
tion soon after reperfusion in the LD and con-
trol groups with LAD and RCA lesions
*p <0.05 compared with LAD-control group, ™ p <
0.001 compared with RCA-control group.

Explanation of the groups as in Fig. 2. Abbreviations as
in Table 1.

HLTwaLeHELA.

¥4 L7 FPTCARICB I 2BERGELBRET S
EFEFRRAAPINETITORTELD, EOFE
b+ LHEEETBICEES Do/, TTNNV—V
ERRCBEAT A2 LIC L VR4 ISR OMmIT % ¥
HESRAONTD, TOHEIPZ o TEMEEL
TEAZTERMBESENT 2 Z LG Sh D,
DOEIZ1995EFE XYW ARY v 7= Ta—Ta AT —
7V % B\, PTCAMEATHA & DMK % 5§ 77 AR
Ko, HINESTD LR PEEBOHENAEIN
05, FRAHEEHRESA TR,
FAIT1993EL YNV —V AT =T VDEED»L
MR, BAM, BRMZEATSILICE)ESHE
BELEMA B HEXIMY AN, LADERCARED

7213 (LAD 10/ RCA 3) BiZHEfT L, xtE&14 (LAD 9/
RCA 5) %l & DB THINK ST LR D HIHI R FERA
EROBI B % B, ZOH, BIPEEBRRL/N( /32
FIZBWT, 1058 0 [ Bk Z mEFERIC &
LHERGENTHRIMEEL R olz7z0, 19954
L) HMmMERBRZEREE MR 2. ZO2OBEEMZ
AR B THELHERRAFIHZRICOVTHE
L7

AETIERCACDAFBERAZIH RS AL N
7z. ZOEBEL LTLAD DI SR HA < M
WHAZV RS, RETIFERMDKRESAT5
Kozl E R BEZOZHREIMITIZ3ERE
FFC#H250mimin & S, BEDORBICEI - TR
5%, FEEIREL O M E 13#) 50— 100 mi/min 72 EE
LI NG, FEIPTCANNV—Y AT —TIVORH
EEFRALZ3DT, 157EATIOmIBREDRTES
BAETH o 7.

&5 ICEMERSLFMEL L OLE O MTEREIC
HIMEREZEIM % R L RETH, AERERLFHAT
BEEENICAEE R RO HE TR (Y, AMRERE
MEER ORISR GBS NS Z L ORES %
RLTWA, OB TIOE O I # 4 RIS I SESE A
AL, REICXVERICEDS Z2VOHMREDTHIT
HHLFRIENED, LDELABECEEHOL
DIREE R BT OBEBBIEE & EIXSEORET IS
Dhhol., TOETIIFERBEORE L LTIEAD
+4TH5. LL, PEREMAMBST L7 IZFE
WIS LT LIRS 2BETH Y, S5IMHME
STERRFRROLGHEELHEET I LV IHEDD
59, RAZINOOBRAFLZFERAKE LT, B
WHRELELT, FEOHREFFML L.

¥/, RAOBRFEL-HETE, CHEEICEALT
D HIMERREZE MEERORE %2\, BETOGHOHIM
KEEMBER T, ZOMERRIEEL, Nv—
VBRERICAT IR EI LTI N NM— T —TIVA
BEABAEEE 2220, KEOLH ITEBEDNNV—
YERERT A EMEIIARESKRTH Y, LHEEICH
THBSICIIRAZEL S, L LEABIRERIZE, L
BIEE T 2 AMBRBRENFEREZBETHHDT
3%, SHOEBNFHRLCABEDORE ZNV—VD
RELZEICE), RESOHEEOBRREN—DLL
THFLI AHETHLILERTOIDLE R
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BERAR*BRBRILIAARLLT, ¥4L 27 b
PTCABRIZ/NV— U AT —F VEHRD S OB IMBkERE
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BRI X 5 BREHERELTo 7. SED41HO
BE TR RCAICBVWTHERRAZOMHIZIR 2 320D
72%%, LADIZH L TIZZHRIZBAS 2 Tld 2 { REEIC
BIFBEBRRLEEZ 7.

ni\i ‘,

EE, CHELNZROFEREE T 2HMROBMSIEHERESh TS, SEFKL I, &
OHEEICN T 554 L7 MERBTEBIIRZEAN (PTCA) ME1THE IC B M3k % Br & L - By ER 1 % B
WTRMMBRZ BRICFERT 2 FEXHERE ISR LTHY, BERBEOBRIZOVWTRETL
7. MBRIBEOHEETY AL 2 FPTCA 2 HifT LEEEEME OB EICHII L2416 T,
N % HIMIRBRE M REGTE % fifT L 722060 (LD &) &, ®ADOPTCA T1HE DNV — U HER
BER L7-fEFI 2161 (R HREE) LIS/ L. ESICFR PR BEKINICSHY, LDE: AR T
(LAD-LD#) 1041, GEEIAR (RCA-LDE) 1061, xRS : AR T8 (LAD-XRE) 11461, A7F
AR (RCA—XTEREE) 10BID4BEL L7z,

HIMEREREMBFETRIZS A L 7 P PTCARITERICAS & ViR, #IRiM20m, B4 M20ml,
BiiRM 60m! % #ef L HIMERBRE 7 4 V& — ITEICE L, /S — VG BmERRFEm % /50 —
YHT—TIVERE DIRIC15H 10ml, &8 105 MEA L. LAD, RCAZhZHIZBWT, LD
HEMBECHERMESER (EE70y 7 (AVBIEMU L), HRECSEFHE (AIVR), LZ5EM
(VT), LEME) (VD) IDOHE, BERBORKASTIE, AST, [FIMEST LREOEER &% ik
L7, M8y ST EF LIZLAD TidV, -V, TEH0.5mVLlE, RCATIZO, I, aVFrTE0.3mVLEL
LSTAEMER LZGEE L.

FERMETEMRIZILAD-LD#: AVB 0, AIVR 1, VT 1, Vf 041, LAD—X/B&%E: AVB 0, AIVR 4, VT
2, VE1BI(FEEZ% L), $7-RCA-LD#: AVB 0, AIVR 0, VT 0, Vf 0%, RCA—xtfBEE: AVB 2,
AIVR 0, VT 1, Vf OB (FEZE% L) L LDBIA 2 WERI?H Y, & {IZRCA-LDEICIIEERME
AERITASN D072,

BT ASTE (mV) X, LAD-LD#0.86+0.46 x} LAD—xt FB&f 0.74+0.49, RCA—-LD &
0.29+0.18 Xf RCA—XHB# 0.15+0.09, FHEHBEHRASTME (mV)id, LAD-LDE 0.63+0.35 &}
LAD—x$FB# 0.81+£0.49, RCA—-LD # 0.131+0.15 xf RCA—*}FE2£ 0.20+0.12T# ), LAD,RCA &
CHEZERAON LD o7, AST(mV)IZLAD-LD #—0.231+0.56 X LAD—4f FE 2% 0.07+£0.60 (p =
0.09), RCA-LD# —0.16+0.12 5 RCA-*fFEE 0.06:0.14 (p =0.002) &, RCAICBWTLDED
ASTRXMBEHIVERI/NS o7, MK ST EAEFHIILAD-LD # 35 LAD—XFBEE 1041
(p<0.05), RCA-LD# 0Xf RCA-xEBE B (p <0.001) T, VTN dLDETH LR o7z,

¥4 L7 FPTCARFICHERD NIV — 2 5 5 — F VD b O JIMERRE I X 2 BT % /T L
72. RCAIZBWTHERAZMHZIRE %2075, LADTRHEALATLLAREICBITARRALE
b,
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