Comparison of Four Types of Plasma Exchange
Treatments of a Homozygous Patient with
Familial Hypercholesterolemia
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TEBAEERBES IV AT 0—VIED 1 Fli L, SO, $LEY 5 A %K
BT LAMBREEEE, 2ERABMPTBFEEBLTTFA NS VB L0 — 25 5 AMSETRERED 4
BEOMBERBE LT, ZTHRODOREIBERE L -, B ORNMBTHRRE T, MRS 2R
BOAE TITY, MEERERRR 2~ 4 | OF BB E R 7LV 7 L VIREWREE LCTHERLE. 3
BREIC 1 ELRBMEE 2 ~4 LIS THERITI &, BRIV AT 0 — 3R EETE 554 mg/dl & D %8
300 mg/dl ~ & 46%1ET, {ELLE ) KEH (low-density lipoprotein, LDL) 2L 2 F 0 — i3 47%{E T,
EELE Y REH (high-density lipoprotein, HDL) IV A F o — i A2%{ETF L7z, SFEY 5 AFTEA
S LAMBRTEFRETIE, PEREFER L MESBRBE ML ML, SABSSAETEL-BREY S
ATIAVATO—)VRS % BER, MBS E & I GEM L7z, 238ENC 1 EABEMEE 3 [ 12 THREAT
Sk, MFKEI VAT 2 — L idREiE 441 mg/dl & D #%{E 266 mg/dl ~ & 40%{ET, LDL 2L 2 F u—iit
BRAET, HDL 2 VAT a—id 4%ET L7, 2 BERBIMAETHREETIE, BXEAZ0.2 u £0.034
OHRERBEEFERLZ7 445 —% 28V, 1RECTHEEZABEL, 2REBEC TBELE) XEH
(very low-density lipoprotein, VLDL), rFRtLE Y RER (intermediate-density lipoprotein, IDL)
LDLRF 2%, 7V 73 v2&0MORI 2 MEERS &£ & b IRM U7, 1EM 1 EAEMEE 3/
WTHERITY &, MER I v A7 o —) L2 FiE 330 mg/dl & D #%{E 136 mg/dl ~ & 59%{E T, LDL oL
A7 =ik 55%ET, HDL 2V A7 o—id 38%ETF Lz, F+A b5 vHleLu—2 % 5 AMME
R PR R M AR T 2 DR T A P S VB VO — AN S LR REEKLELTT
RYKREEBA2EL) REAERESE, ZORMBES L £ HIOEMU, 1B 2 BAEmESE
41 ITHEBERIT cMBER IV AT o0 — Vi3 HIE 218 mg/dl X b #1106 mg/dl ~ & 51%{& T, LDL 2
VAT =ik 60%ET, HDL av A Fo—Vid{EF Liasr-t., 7REYFEEAB, CII, CII, E i,
FNEH 65, 43, 43, L2%BET L2, — A7 RV REHA- T B34 BETLRCTES, A-ILZES LA
ot THFANIVERBREAL D —RA N T AMERTREE TR, tho 3B EA D, MBERER, wES
o7 ) YOETHDRWI:OWRRELE LT, FBRE/EEOH 2 HDL, 7 XY KEH A-1, A1
DET A wizw, EE»DKEKMTELZNETE, BIRELEEERDSH2 VLDL, IDL, LDL 7
UREE B 2BIRNICRET 2 Z L NAEETH o7z, AT OESHEEFH 1oL T ERmE
VAT O—VEBTERDZENTETH /. FFANS VBBV 0— 2% 5 AMBREERIL, K
BERBIVATO-VIEDREE LT, BERE(OFHCENERELELSNL,

Key words familial hypercholesterolemia, plasma exchange, coronary
atherosclerosis, plasma lipoprotein, plasma apolipoprotein

Abbreviations : apoA- I, apo A-II, apo B, apo C-1I, apo C-IIl and apo E, apolipoprotein A-
I, A-T1, B, C-1I, C-Il and E, respectively ; FH, familial hypercholesterolemia ; HDL, high-
density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein;
VLDL, very low-density lipoprotein.
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REXEE I L A7 o—VIME (familial hyper-
cholesterolemia, FH) 1%, MR IL AFo—1 0K
o, REOHE, RRETERELELEEE T2EE
GEEBEECHERETHEY, FEOHEE R, RTES
HEFH TL0 A LA, ~7 oEEHNEFH T
500 Az 1 ADEETEDH 5N 25230, KEORRIL, &
WE) REHA (low-density lipoprotein, LDL) V&
FY—DEEBCHD, TOBRMIBILDL 2V A7
o—ViZEIY 39, FH 0B#EI, LDL o v X Fo—
LMEETSY, BERELICL 2 0ERBEL2ET S %
LB B, ~NT OEESEEFH L Tid v
OhDBRNLEYBH SN T B 0897, REFEHE
HFH TI&, EEACEYBEEIBRE TS 2w, Lk
$oT, FEESEE FH oL T3, 6D,
# % s B 399, partial ileal bypass fiji9,
portacaval shunt'® ffi% EARRASN T2, ZheD
PR ERAEO ST, ML RS SR 2
FEEEZ OGN T WD, MPTWFE I D00
BRENE SN T VLM, ZOESE, EPHEEIL
Ty,

ARETIE, L L THREHESEEFH XL, &
LRI RS (R IRRE), HFLE Y 7 A
FHEA 7 207 & B IMBETIERE, 2 EREMRHE
B, FFEAFIURBELT 245 A0 K BIMER
#fEE: (LDL-7 7 x L — > A) D 4 ik % LIRS L
e, BB, ~NToBESEEFH 9flicxt LT, FF
AN URBEE N T — A A T LM B 2 T L
BE2mA .
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BRI, 37T FORUBET, TFCTHEERD
HEENHIR, Z0RSBCHBELRED, 23312
BIVAT o—VIMEERERS A, 28 FEE D HiE
RS L, BEDLOIIAEE 2 NRAR. K&
BTk, WHiE, ~7ToBESEMEFH tE2 s 0%
BTREL TH D IMERIZE, 11 ADAT oSkt
FH, FmELSIC 2 AO R eiESEME FH 2589, 7
NELDERBICTICLE: (B1), AR LT,
LHBEHL (R, 8%, F K BEL o%a
M, 7+ v AROEE 42 mm (X & 2REQER
fEiE, 6.3+0.2mm', ¥HE+SEM.), SEMAE
WXEHETH ol MERI L AT 0— 570 mg/
dl, LDL 2 v A7 u— 381 mg/dl & EHLEHEE R
L, mtE Y #EH (high-density lipoprotein, HDL)
IV AT o—id 3l mg/dl TH Y, Fredrickson 54F
Type Il a DEBMETH > 7-. RERE, BRIV
ATa—l, 7¥vARE, SHEFHREECY X
T =T w4 LD, REHESEM FH, receptor
defective type X ZH¥r & iz, LEHTIR, EBIEHN
%, EPL STET2RL, BRWEBREEFRRT
g, 3FMAERE, L AKBIREEAATY, BES
RABEBOBAENRD o/, BEEEBLIUELOD
EYEERIT o208, Heb @RI/ T, 1980
XD MEETTHERE % FR L 72,

&5 IAT OEAKNEFH 98, BIRNTEIRE

mEte EO
43t
sudden
death
Z 4 @74 O O 419
BNt @t 6Dt | @nt 70 63
ocard. myocatd, heart 259 285
infarct. infarct. disease 115 114
AGE 42)t 46 44 37 43 39 31 (30)t 32
CHOLESTEROL 586 sudden 272 250 618 527 myocard.
TRIGLYCERIDE 107 death 82 44 80 55intarct.
Fig.1. Pedigree of a family with familial hypercholesterolemia. Three

homozygotes and eleven heterozygotes are affected. Seven of them died as a result

of coronary heart disease. O,

normal femele; ®,

homozygous male; @,

heterozygous female ; @, heterozygous male suspected ; arrow, propositus. ; (25) »,

the patient died at the age of twenty-five.
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EHmRICTEELBRELEL, RERE, XM
THS L RRIRSE S b - HEFICEE~T 0
EEMEFH EEZ 7S A LI VB 00— D 5
LZ X B MR A 1985 £ X DBHRAL 72, &I,
REHESHEFH 36, ~7 oEeEt FH 1L fl28
7z,

nu.x &

1. %Y REES

) REQOERE-LAHTIE, Havel 590 HEIC
L7243, Beckman #H8E@ 04 LS 5 & F L8, At
BMo—ry—503TiBLU40.3Ti*HVTTFo7.
Mm% BELE) REH (very low-density lipo-
protein, VLDL) (}t&E d<1.006 g/ml, 10°C, 40,000
rpm, 24 FFREEOE BB R ERER), SRILLEY BB
(intermediate-density lipoprotein, IDL) (1.006 g/
ml<d<1.019 g/ml, 10°C, 40,000 rpm, 48 RERIE.0 8%
LB %), LDL (1.019g/mi<d<1.063 g/ml,
10°C, 40,000 rpm, 30 BFRIELB EEEEHE) B LU
HDL (d>1.063, 10°C, 40,000 rpm, 30 BFfE.08 F
[BEFER) oML/, MFES LU KBEOSED
BAVAFo—VIEBEREICL TS £+ -TC (%
AT 4 20, B, FHIEHIBRECLIZYEN
A L—R (REH;, KR LB 7eFLT7ELN>
BICE2 MU 7V R SHEF (FHEE, BHR) 2/
WTHIEEL 72,

2. TRV REQBEOHE

ME7XRY REEE, —RTREEEEN L2
Fv b FE1EE FX 2RAOCAELE.

3. MR

1) #EOAMEBITHEE (B cfugs)

M58, ~E27 427 A (HMF30, Haemone-
tics, Braintree, US.A.) MRS DEEBE 2HER L T
Tot. K&, TRBEOERNBCAV v M %
ERIL, Y @ MERIL DIRML, Thi2SEEROE
BR YV E &80T, MRS © MERR S % 28,
MRS P OLBMAOER 2B TINET 2, @EERY
VAR, MBERAR ST CToi U 7 B i CEIE % ohir U sk
B EEPIGRINT 2 L w S FEEI S ETX1F5, m
RS IEET 2O THITEI & U CHERI L £ /-
B5%7NT I IMBRERRERLL, Z0BE%:
1A 7V ELTFEMPBRBEE2~4 ] IETHET
By A 7V 0EL, HER 3 ERIC 1E, THN
iz 30 EIMEAT U 7z, HLEEEFE, ACD (acid-citrate-
dextrose) E iz~ %Y 2 {ERL 7.

2) ZAEA T AFKES 7 AMBET R

WEHZ, RECHREBLEEZEL B FY
102y 2DBAEYSAEFTIRMU AT L (75

Vit, I CTHEE 600ml ThHore, MEESEET I+
YEZ—A 7N a—VEERLLPELE (BAET
BO.2u, 77 Vi, B 2ER L. BELHB +
> MERAZ L D ERMIAE, [MHESMEERRC TSt % 8, 0
BeHAEY 7 AKMEY 7 L EBRS CRERDME
&, IBRA ST & & b3 L 72, WEBEE IE 50 mmHg %
Bahuwrk 3o LBMmEER L2, FERSI~
vEERL, NBMFRIR I HARCI—ETLY
SRR EGER UL, EEE 2EMIC 1E, EHs
41 EIFETT L 7z,

3) 2 E B4R B A% (double-filtration
plasma exchange)

RO E=Z— 7 a—VEERLLFELE (B
BEFLE 0.2, 77 V4L, ML) 2 LIRBEE U CHEMAL,
MEFRKS %8, TFL > E— AT La—LVEES
REFERLL 2 RIE (EVAL 4A, BRBEFLER 0.03 4,
72 v, B T 2 B A A AR £ T L
Fo. ALERIMEREE 3 1, BUBEEHRNE ~ ) > 2 ER LG
FeHRIE 5 %7 VT 3 B E 500~750 ml B L 72,
FEZ 2EM 1, E#IC6E, ZO®REEY1
B 1B, EHEIC 66 BIFETL 72,

4) FEAM I UREBYL O —R P T AMETHE
# (LDL-7 7 =L —¥ R)

RV ANT ¢ v 2 AL hZe R (587 Bk,
KR MBI UCERAL, M, FFAb
Z VBV T—RA AT A (Er#E, KR 2R
BERLLT, 7RYKEAB 2850 ) REA 2RE,
ZOBMIREL ST & & b GRM L 7, PugEERNIE, ~°
Uy, HRBETEAOA, 5%7V7 2 v % 500ml
ERLY, ZoREE{FEALZ» -7z, LEMmE
i 37, SEEIR 1B 1=, BRI 34 EETL
jo. WEAFLOWE EIVATU—L T~7.5¢ Th
Z LFEIRIT 2 720, AEMERE 1500 ml TH—O 2
KEDH T LKL, two-column method & L7z,
ELHEMBIVAT -V EETEE 2D two
column method T 18Iz 2 EOEE T, 33 [EET
L.

BWES, P OERE=Y—, MEE=Y—%
FERLUR2S, BTHLEERD T, REBREZEOH L
7o, BRIME, REFERIRTITY, EHCMRIRE,
DEMRERZEML 2. SRZHRML TR, #
HlO S, BoliE L, METREH, £ 33 EHEENA
EHAL.
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1. BORMBTEFE

@a v AT -k, HifE554114 (FHPfELSE.
M.)mg/dl 7> 5 {E 300+ 8 mg/dl ~ & 46%1ET L,
LDL 2 v A 7 =)k | 434+16 mg/dl »» & 231+ 9
mg/dl ~ & 47%ET L, HDL 2V A7 u—id 33+
1mg/dl 5 19+ Img/dl~& 2%EFTL (R1,
E2).

MmyERE Tid, Mm/AR2HE{E35.1 73/ mm® 5
1.3 5/mm® ~EEA L, HIERBTERD s h 258

bhot: (F2), MEBBRS TR, RESa 7Y >
PEREEEEERE L (£3).

2. BIEY 7 AFTEY 7 LMBETHEE

BV AT o—NiE, Ei{E 441+ 6 mg/dl b o HBIE
266+ 5mg/dl Nk 40%1ET, LDL 2 v A7 u—id
325+ 8mg/dl » & 200+ 5mg/dl ~ & 38%1E T,
HDLa2 Vv R 7 a—iid, 27+ 1mg/dl & 5 15t 1
mg/dl ~& 4BET L (&1, K2),
MERETH, BIROEWELEEE2TADHE L0
M/MRIZIRA Lot (F2).

Table 1. Serum and lipoprotein cholesterol levels before and after treatments
Treatment Interval Serum VLDL IDL LDL HDL
week  potore  After Before After Before After Before After Before After
Simple plasma exchange 3 554+14 3008 2144 11+l 405 19+2 434+16 23148 33x1 1941
Porous glass beads 2 441+6 266+£5 1942 941 40+£3 20%2 32548 20045 27+1 15kl
Double-filtration 2 37816 166+5 19=£5 61 36+4 1343 240414 11048 316 151
Double-filtration 1 330+9 13645 2941 941 2741 1141 18744 84+2 32+1 20+1
LDL-apheresis (one column) 1 44445 255+2 2541 941 29+1 17+1 31544 180+2 39+l 33x1
LDL-apheresis(two columns) 1 4135 14042 32+l 8+1 29+1 11+l 278+4 772 47+1 33+l
LDL-apheresis(two columns) 1/2 218+8 106+5 1942 4+1 18%3 5+1 118+6 47+4 39+1 39+1

All values are milligrams per deciliter and are given as means+S.EM.

SIMPLE PLASMA
EXCHANGE

600

500

400

3004

CHOLESTEROL ( mg.dl)

200

1004

SERUM LDL

HDL SERUM LDL

Fig. 2.
treatments.

POROUS GLASS BEADS DOUBLE-FILTRATION

HDL

LDL-APHERESIS

SERUM LDL

MEAN £ SEM

Changes of whole serum and lipoprotein cholesterol levels before and after
The methods of plasma exchanges used are indicated above.
shaded columns indicate cholesterol levels before plasma exchanges.

The
The open

columns indicate cholesterol levels after plasma exchanges. Each column represents

mean+S.E.M.
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MBEERS T, MERED I 19%, 1gG 13 21%,
IgA i3 17%, IgM 32 24%{E T L 7=, #i{k & Cy &8
27%, C.50%ETL: (%£3).

3. 2 ERBMFTHREE

BRI 1 BT L7 3\E 2 v R 7 o — L idlE
330+ 9mg/dl 2> &, #{E 136+ 5mg/dl ~ & 59%1E
FL, LDLI v XF a—ik, 187+ 4mg/dl» 5
84+ 2mg/dl N 55%{ETL, HDLaVv AR5 o—n
i 324+ 1mg/dl 5 202 1mg/dl ~ & 38%ET L7
(&1, ®2),

MPERE T, BHIBRBLLUMCEREIITD Shka

oz,

MEBEERSTIE, RES07) COET2R,
LBRIZ 1 BOMEEETIRETRNEL L, MfErn
TV¥, TATIBEORMBELEL Lk, B
IgM i3 66%{& T, 1gG b Bl {E 871+11 mg/dl, % fg
60613 mg/dl EEBEL(EMEEE L, HBEES L&
SIZET 2D (£3).

4. FERALTURMBELT— R A T LML
% (LDL- 77 v —3¥ &)

MER IV A F 0—id, 444+ 5meg/dl 25 255+
2mg/dl N B3%ETFTL, ILDLI L A F o—a g

Table 2. Changes of hematologic findings before and after treatments
Simple plasma exchange Porous glass beads Double-filtration LDL-apheresis
Before After Before After Before After Before After
RBC  (x10% 421 449 44443 408+4 439+4  423+3 462+5 44848
Hb (g/dl) 15.0 14.0 12.740.1 12.0+0.1 13.2+£0.2 12.9+0.2 135402 13.0404
Ht (%) 425 42.0 384404 36.21+04 39.0+0.5 38.2+0.9 411406 39641
WBC  (x10? 51 84 6142 1214 53+0.8 128+%2 50+09 7242
Plts. (X104 35.1 11.3 24.3+£0.6  21.0+0.6 22403 21+03 17409  18+06

All values are given as meansS.EM.

Table 3. Changes of serum proteins before and after treatments

Simple plasma exchange

Porous glass beads

Double-filtration* LDL-apheresis

Before After Before After Before After Before After
Total protein (g/dl) 6.7 6.2 7.4+0.1 6.0+0.1 65+0.1 5.8+0.1 7.1£01 68%0.1
IeG (mg/dl) N.D. 644 1254414 996+10 871+11 606413 123427 1114425
IgA (mg/dl) N.D. 93 19942 166+2 14742 85+2 19510 16942
IeM (mg/d)) N.D. 63 29545 225447 134+2 46+3 262+7 2246
C3 (mg/dl) N.D. 86 73+2 53+1 611 37+1 59+1 50+1
C4 (mg/dl) N.D. 16 22106 11+0.3 18+1 8+0.3 1604 13403

All values are given as means+S.EM.
double-filtration plasma exchanges. N.D., not determined.

* thirty seven grams of human albumin solution were infused during the

Table 4. Changes of serum apolipoprotein levels before and after LDL-aheresis

Before After %
Apo A—1 (mg/dl) 140+3 135+3 4
Apo A—1 (mg/dl) 31+04 3104 0
Apo B (mg/dl) 123£2 43+2 65
Apo C—1 (mg/dl) 3.74+0.1 2.1%0.1 43
Apo C—1I (mg/dl) 7.0+0.2 4.0+0.1 43
Apo E (mg/dl) 5.2+0.1 2.2+0.1 42

All values are given as means+S.EM.
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315+ 4mg/dl 2 5 180+ 2 mg/dl ~ & 43%{ETF L,

HDL 2 v A7 92— id 39+ 1 mg/dl > 5 33+ I mg
JAANE16BET LIz, TEL F L 2 KEB LI two-
column method T, 1M 2 EIfE{TL 72354, MiE
@ AT o— it 2184 9mg/dl 5 & 106+ 5 mg/
ANESIBETL, LDLaVRAFo—nid 118+ 6
mg/dl 5 47+ 4 mg/dl N & 60%{ET L7243, HDL
AV AT U=V ET 2D a»r-o70 (R, H2).

MERE CIEBRED AMREELUMCER TR S
nihol (F2).

MEEERST T, FRALZFEDIRHEREEZS
N5 W%BEOHS TH-7: (£3), BEKLY s
v, €4 2V ER, LDLABEGTEET 2729,
MBHEBRIETET L 22, BRI EE I EE

L Tz,

7TRYREHE, 7RB CI,CIHLE &, #hzFh
65%, 43%, 43%, S8RIETL22a, 7HA- 1134 %
BTLRECTES, 7RANBELLE»-7 (&
4),

S, AT OEAEEFH Tb, MHEMSE,
B2 2853 LT, Mo vAaro—L%
BT LMWAEETH -2 (FH),

BLE 4 AR, 200 —REERRE R,
m#& GOT, GPT, CPK, LDH, R%, &%, R, 7
V7 F e rrEbid@Bo oot

1. MmEETMAEDREI R

1980 £ 3 B & v m.OR MM E 2 3 BMIc 1
EOEETIT, 1982 E 9B X DAY 7 AFIRA

Table 5. Changes of serum and lipoprotein cholesteral levels before and after LDL-apheresis on the
heterozygous patients with familial hypercholesterolemia.

) ) ) Interval the number Serum LDL HDL
Patient  Diagnosis n
(week)  of columns Before After Before After Before After
S.0. Heterozygous 1 1 2506 101+3 159+6 4444 404+2 37+£3 74
K.T. Heterozygous 1 2 23946 89+4 16449 35+5 42+2 36+2 T2
HXK. Heterozygous 1 1 196+5 108+4 1205 603 28+2 22+2 56
MY. Heterozygous 1 1 2346 121£5 156+4 73+£3 22+1 20x1 36
ON. Heterozygous 1 1 19523 99+11 140+22 63+£8 37+3 32+1 22
FM. Heterozygous 1 1 36711 222410 222417 12010 72+4 5244 10
ML Heterozygous 1 1 263£8 127x4 156+8 70+2 39+3 42+3 24
KK Heterozygous 1 1 193+12 87+£5 95+5 36+x4 303 29+2 34
M.N. Heterozygous 1 1 271£18 109+£3 189£17 64+3 43+2 34+2 28

All values are milligrams per deciliter and are given as means+S.E.M.

n, number of treatments.

TREATMENT SIMPLE PLASMA EXCHANGE POROUS GLASS BEADS DOUBLE-FILTRATION = El
INTERVAL 3 weeks 2 weeks 1 week 1/2 week
mg /it ™g/dl
700 4 - 4700
600 i 600
soo4 T I 4500
400 4 . 4400 §
_ ks BT
g 200 i Ui HJ,L l{m Hls 4; UJX}I\J 'ﬂ M#Mr M "{irff!‘ i‘}:ﬁ'lqrﬁ!ﬂ 200 §
H L2 RV Jit
100 4 3 G u ’[‘h 4y lllllt"!"“. 100
° 1980 1981 1982 1983 l9‘5l 1985 1986 °
Fig. 3. Immediate and long-term effects of plasma exchange on serum cholesterol

levels in a patient with homozygous familial hypercholesterolemia. The methods
of plasma exchanges used and the interval of plasma exchanges are indicated
above.
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‘FigA4‘ Xanthelasma, teﬁdon xanthomata over the interphalangeal, mtcarp-
phalangeal, knee and ankle joints of a patient with homozygous familial hyper-
cholesterolemia before plasma exchange.

Fig.5. Xanthel metacarpo-
phalangeal, knee and ankle joints of a patient with homozygous familial hyper-

cholesterolemia after five years of plasma exchange. A marked resolution of the
xanthomata has been observed.
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LTk B MR AEEE IR B L, 28N 1 BoE
THEFTL 72, 1984 &4 Hp o it, 2 BB Facis
BEEIZEE, 1984 7 A2 513 1EBNC 1 B0 ss({bRE

FEAGEITL 2, 1985 FE 10 Hd (3 7 % A }\ 7 y%ﬁﬁﬁi‘é
’(:/I/D-Xﬁ"/Lx & B MR EE 1986
5 HA st BRI 2 BRI HE, 1986 46 A
7oL, two-column method TiE#EAX {T-72 (4 3).
BB Ao (B4, [5). 7L R
BEIT4 45 mm, % 40 mm 2545 20 mm, /2 20 mm
~NERENL T,

SR EIIRE R L, EHRAT 1980 2 A, 3:8MZ
ks O AR AR R AT L T, 15 7 AMERE L
7219815 H, 16 7 A& L 72 1982 49 H, 2.4
L &LEA 7 AT A F 208 & U 2 ERBME

Left coronary artery

1980. Feb.

1982. Sep.

REBEEAE, 22 7 AR, a5 1BMZ w7y AR
BT L 72 1985 4E 2 Bkt L 7. #ﬁ@bﬂfm%:n ET
13, seg7 H50% % 5 1985 2 AR T
1%%&@(*Am%/wQJJLSgau&i&ﬂm
BiRd 0 MEIMITEE 2 L CERZ S Twrz, BIERCE
BkE O segl3 3 50% WR%B s o 100%3%E (55 2EH%E)
~NEETTL, IBIMITEE 24 L TEEshTw, A
TEIRIT, seg? MELREO AL THEE, FLAYED
SHZ OLIREED S TE%IEEA EHEIT LR 6,K7).

% =

Framingham study?"%#1& & T % % { OEF KW
2L 0, IR CLOMRERFE LT, 2V AFo—,
FHZ LDL 2V A 7 o—b, BIREE(COFERS L L

RAQO 30°

1981. May.

1985. Feb.

Fig.6. Coronary angiograms in a patient with homozygous familial hyper-
cholesterolemia showing left coronary stenoses (arrowed) before and after five
years of plasma exchange (thirty-degree right anterior oblique view). The stenosis
of the left anterior descending artery has progressed from 50 per cent stenosis
(upper, left frame) to complete occlusion (lower, right frame). The stenosis of the
circumflex artery has progressed from 50 per cent stenosis to complete occlusion.
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THDL av AT u—uh@ES N T 5, HEEINE
HEOREL, BEOMFZEWTYH, IDLaLVRF
u—, LDL 2LV A 70— ki, AR, HDL 2 v
AFu— & 3EEEERT Z LG s,
#fE Y~V T Goldstein S223R4 L 72 & 512,

M LDL i&, LDL pathway & © #if@f& LDL U + 7
§— e LHRACERD A EN 2535, BIIRBE(LFRE
Tid, ZOLDLY € 7 ¥ —% f & % \» scavenger
pathway (Zfi] & » O &AL % 3 1F 72 modified LDL #3
WoAghnavAFo—LVvREr &kt eErLonT
w3, FHTIE, LDLY 27y —pEEsNT D
&, 2O scavenger pathway %% T modified LDL 2%
YA BRI ETT 2 5260 %, HDL

Right coronary artery

1980. Feb.

1982, Sep.

Fig.7. Coronary angiograms in

a patient with homozygous familial hyper-

&, RIEHAEANERE 2 v 25 0— 110 acceptor & |
THEEL, OV AT O— LI AFALELT, HDL %7
AICE DA, FFEoiRtans e £z Ty, -
MBI FRAZHAL T AT D 1 DL ana
hTuwae,

EHELDEHYERICLY, MEILAFa—
FETERLZ LWL -T, BIRELE OB -
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cholesterolemia showing right coronary stenosis (arrowed) before and after five
years of plasma exchange (sixty-degree left anterior oblique view). The stenosis of
the right coronary artery has progressed from irregular aspect without significant
stenoses (upper, left frame) to 75 per cent stenosis (lower, right frame).
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Table 6. Comparison of plasma exchange procedures

Simple plasma exchange Porous glass beads

Double-filtration

LDL-apheresis

Plasma separator centrifuge
Extracorporeal volume (ml) 400—670
Blood flow (ml/min) 30—50
Infused solution FFP and/or albumin

Sorbent volume (ml) -

Removal specificity none
Treated plasma volume (liter) 2—4
Cholesterol reduction (mg/dl) 254
Cholesterol removal (g)

Operation intermittent
Blood access vein or A-V shunt

hollow-fiber filter
480
60—100
none or albumin
600
lipoprotein
3
175
5
continuous
A-V shunt

hollow-fiber filter
530
60—100
albumin and globulin
(250)
lipoprotein, IgM
3
194

continuous
A-V shunt

hollow-fiber filter
650
60—100
none
400
VLDL, LDL
3—4
112
75
continuous
A-V shunt

DA T LD
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Abstract

The effectiveness of four types of plasma exchange treatments has been evaluated in a
homozygous patient with familial hypercholesterolemia. Simple plasma exchange was carried
out with intermittent-flow centrifugation. On each treatment, 2-4 liters of each patient’s plasma
was replaced with an equivalent volume of either fresh-frozen plasma or albumin solution. The
treatment at three-week intervals reduced the mean serum cholesterol level from 554mg/dl to 300mg/
dl by 46 per cent, mean low-density lipoprotein (LDL) cholesterol level from 434 mg/dl to 231
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mg/dl by 47 per cent and mean high-density lipoprotein (HDL) cholesterol level from 33 mg/dl
to 19 mg/dl by 42 per cent. Plasma exchange using plasma separation by hollow-fiber filter and
adsorption by porous glass beads at two-week intervals reduced the mean serum cholesterol level
from 441 mg/dl to 266 mg/dl by 40 per cent, mean LDL cholesterol level from 325 mg/dl to 200
mg/dl by 38 per cent, mean HDL cholesterol level from 27 mg/dl to 15 mg/dl by 44 per cent.
Double-filtration plasma exchange utilizes two hollow-fiber filters with different pore sizes. The
plasma separated by the first filter was subsequently led to the second filter of ethylene
vinylalcohol co-polymer hollow fibers, which differentiate very low-density lipoprotein (VLDL),
intermediate-density lipoprotein (IDL), LDL from other plasma constituents. Treatment at
one-week intervals reduced the mean serum choletserol level from 330mg/dl to 136mg/dl by 59 per
cent, mean LDL cholesterol level 187 mg/dl to 84 mg/d! by 55 per cent and mean HDL cholesterol
level from 32 mg/dl to 20 mg/dl by 38 per cent. LDL-apheresis using plasma separation by
hollow-fiber filter and adsorption by a column containing cellulose beads bound with dextran
sulfate by the two-column method twice every week reduced the mean serum cholesterol level from
218 mg/dl to 106 mg/dl by 51 per cent and mean LDL cholesterol level from 118 mg/dl to 47 mg/
dl by 60 per cent. Mean HDL cholesterol level showed no changes. Apolipoprotein B, C-II, C-
Il and E level reduced by 65, 43, 43, and 42 per cent, respectively, while apolipoprotein A- [
reduced 4 per cent and A-]I showed no changes. The simple plasma exchange reduced the
number of platelets and produced a bleeding tendency, while the other methods showed no
significant changes in blood cell counts except transient leukocytosis. The simple plasma
exchange, the porous glass beads plasma exchange and the double-filtration plasma exchange
reduced serum protein and immunoglobulins, while only LDL-aphersis caused no significant
changes and required no exogenous plasma constituents during the treatment for the maintenance
of osmotic pressure. VLDL, IDL, and apolipoprotein B are atherogenic and HDL, apolipo-
protein A-I and A-II are anti-atherogenic. ~The LDL-apheresis can reduce atherogenic
components effectively without reduction of anti-atherogrenic ones. LDL-apheresis reduced the
cholesterol levels of the heterozygous patients with familial hypercholesterolemia similar to that
of the homozygous patient. The treatment carried out for five years with the simple plasma
exchange, the porous glass beads plasma exchange and the double-filtration plasma exchange in
the homozygous patient with familial hypercholesterolemia resulted in a marked resolution of
xanthoma, a reduction of Achilles tendon thickness and a progression of coronary stenosis.
Because of the selectivity of LDL removal, the LDL-apheresis seems to be a better method than
the other methods for the treatment of patients with familial hypercholesterolemia.




