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Abstract

Intimal hyperplasia due to fibrocellular proliferation, mainly of smooth muscle cells, leads to restenosis
after successful percutaneous transluminal coronary angioplasty (PTCA). The mechanism of intimal pro-
liferation of smooth muscle cells was investigated by histological and immunohistochemical studies of
necropsied coronary arteries from 13 patients who died between several hours and 1 year 8 months after
PTCA.

Immunohistochemical examinations clearly revealed smooth muscle cells already migrating from the
media into the injured intima after 10 days. Thereafter, significant proliferation of smooth muscle cells
was observed on the intimal side of the affected regions, predominantly around the circumference of the
lumen at the PTCA site. Arteries from patients with restenosis who died more than 1 month after PTCA
demonstrated proliferating cells with a polygonal shape and large bizarre nuclei. Arteries without
restenosis showed smooth muscle cells with a spindle shape and rather elongated or oval nuclei. Although
these cells were ordered along the luminal surface, the intercellular space still contained abundant ground
substances. A case in which death occurred more than 1 year after PTCA showed these cells were analo-
gous to medial smooth muscle cells. In addition, the extracellular matrix volume was extremely reduced,
and composed chiefly of collagen as shown by positive Masson’s trichrome stain. These histological
findings demonstrated completion of repair and stabilization of the lesion caused by PTCA. Immunohisto-
chemical investigation showed proliferating cells stained positive to vimentin but were negative to
desmin, irrespective of the lesion age.

This study provides pathological support for clinical reports suggesting that restenosis is predominant
between 1 and 6 months and decreases beyond 1 year after PTCA.

Key Words
percutaneous transluminal coronary angioplasty (PTCA), restenosis, pathology,
immunohistochemistry, smooth muscle cells

WILAFR+FHbT BREH . T690 ML EKHET 200
Department of Cardiology, Matsue Red Cross Hospital : Horo-machi 200, Matsue 690
Received for publication November 9, 1993; accepted December 6, 1993 (Ref. No. 40-195)

279



280 LA -EHE IS

= S O I

Wz ) TEBIIRFE BT (percutaneous transluminal coro-
nary angioplasty : PTCA) 25{ThN5 &, ZOREITEHN
BV TMEREDOEEFE L, Zhixd L TEEREER
&L TCOFHAMBEOMIERILH A SN, FTHFIERH
MR DAL PTCAKRDEREICKE(HETHIL
BHbLNTWAY, ZZThhbhid, ZOBHEER

EPEATLIEHNT, PTCAERLIVM1FE8rA S
TORMICRRT L7z 13 BEREIZd5 L LT, PTCA T
B OBhIREE DRREEIZEAL, & \EEHMRROHEE
BRI L ORBABFEN B L RIEMBER IRE
L7zDOTHRET 5.

MHREAE
1990 4E 3 H-1992 4E 11 AZ%4FHIBIT 5 PTCA 1

THD 13 HRBIZ x5 & L, PTCA £ 2.5 Bfé-10 H
DOEIE L6 Pl A B CE, 12 A-1E8»AD
RICFEE L7 7 Bl & BREASE R & 538 L 72 (Table 1).

Ihs X ES NS 21 PTCA REATERAL %
BT 5 16 TREMREEZ A%/ =V - AN/ THTH
EL, B L D2 mm B TEGEICHE L%
(Fig.1), ZOTRTUIFLTINT 7 14 Y ABEREME
ML, ChPLBLNTBOBD4um OELIHIC
%+ L T hematoxylin-eosin 4f&, elastica van Gieson %+,
Masson-trichrome 8 % 17 o 7.

X 5 |2 PTCA ATEML O ETE T T v 7 %% b TITH
BE LTl L2 Z ORif% 1 cm OEMOBERTT v &
OO LT, BERIUAREREIC X Y FEm
Bzt A REREEITo 7. REHEOFHMIITT
ICHRELTED?, HViikorEk%s 6 TICHR
5513 Table 2 |[Z/RY. F/-, MIRHEKROHEEK- <~

Table 1 Baseline clinical characteristics of patients who died after PTCA

Patient Age Sex Diagnosis before Target* % diameter Interval Cause of death
(yrs) PTCA stenosis (—death)
Early death
Emergency 1 MS 91 M AMI LCX ® 10025 2.5 hrs Cardiogenic shock
' ® 10025 (rupture of papillary muscle)
2 MM 80 F AMI LAD @ 9925 6 hrs Cardiogenic shock
3 RT 90 M AMI RCA © 10050 2 days Congestive heart failure
LcX ® 10075
4 KM 68 F AMI RCA @ 10025 10 days Congestive heart failure
5 KO 8 M AMI LCX ® 10025 10 days Congestive heart failure
Elective 6 YY 61 F OMI, AP RCA @ 75-50 2 days Unknown (sudden death)
@ 9950
® 100—50
100—50
Late death
Emergency 7 KM 86 M AMI LAD ® 9925 1 mo Pneumonia, liver metastasis of colon
cancer
8 MO 73 M AMI RCA ® 9925 1.5 mos Pneumonia, renal failure
9 KT 74 F AMI LAD @ 100-25—100 4.5 mos Sepsis (postoperative state of IVS
(with thrombus) rupture)
10 TO 60 M AMI LAD ® 100—25 6 mos Congestive heart failure
11 TF 80 F AMI RCA ® 100-25 1 yr,8 mos Liver metastasis of gastric cancer
Elective 12 YF 77 M OMI, AP LAD 10025 5 mos Sepsis, pneumonia
LCX ® 9925
13 KM 67 M OMI, AP LAD @ 9025 8 mos Extrahepatic bile duct cancer
LCX ® 9025

* Segments according to the American Heart Association committee report
Emergency =emergency PTCA; Elective =elective PTCA; AMI=acute myocardial infarction; OMI=old myocardial infarction; AP=an-
gina pectoris; LAD=left anterior descending artery; LCX=left circumflex artery; RCA=right coronary artery; IVS=interventricular

septum;

hrs =hours;

mos =months;

yr=year
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Fig. 1 Correlation of angiographic morphological findings at the PTCA site in patient 6

a: Before PTCA b : After PTCA

¢ : The right coronary artery, which was subjected to PTCA, is sec-

tioned serially at 2 mm intervals. Note the atherosclerotic plaque cracks and localized medial dissection.

077 — TR & Rt &N 57-0, ik
f=ou7 7 =ik r W TREEZTo 7.

& ES

1. PTCA E#DTBIREAREE DL

PTCA 2SHEAT S N7 EH D MERE I - PED
B, NEOHEE, FEOHEEELR EOFEIED LN
7z (Fig.2). TN5 OFF RISHIREILRZE % 56 < TR LB
5 EAAHA D LR F e 8053, B B\ IZE DIERER
ZHOLICALN, SHIREREONF~DOMRELR D
FTRLBOONT:. T 7EARETOMMENE (fibrous
cap) NEVD, HDHWIIITL A EFE LR WER T
%, 55HE (atheromatous plaque) DHEHEB & UFIi 7% &
DFrfL b BIZE S L7z (Fig. 3-a).

DX NI — YHEERIC X B HE 4 O IS REIEE O
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HMAEDLEORHER, PTCAICLZAEDIL KT &N
TWAH I ERRENT:.

2. PTCA (& 3 BREBIREHGEIHAICH S W79
HZE1E

PTCA [ifT#% 9 TIZ 10 HEIZBWT, PR O

FeER & 0 PR ML o 7 7 F U PR O TS 55

fa#t D AR~ OEFEDTED 5 N7z (Figs. 3-b, ¢). F

2, NG DFEHMILIIPILYE X »F U HERYE, B

TAI VKBTS - 72,

3. PTCA WiTRDBEIRIEEAIC H | 185
PTCA 1471% 5 #» A B THHEZEORED 5 h726ITit
RO HEHR/AME L 72 RE (Fig. 4-a) D&M J")f:o
THEEHMBEOZERLEAENBD SN, ZAE5DFE
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Table2 Monoclonal antibodies used for immunohistochemistry

Antibody Specificity Cells identified Source Working dilution*
1A4 SMC oa-actin - SMC Sigma Laboratories 1:800
V9 Vimentin SMC Dako Laboratories 1:10
Fibroblasts
M¢
Endothelial cells
D33 Desmin ) SMC Dako Laboratories 1:50
KP1 Subcellular fraction M¢ Dako Laboratories 1:20
of M¢
* As supernatant fluid
SMC=smooth muscle cells; M¢=macrophages
BRI S CER R HEEREL R L TEY (Fig. - "

4-b), 72, BOBOOHMBIIAEICAKEROBK/MED
AONDERLIBHPFET LD, H5VIZERE
ABOBEETHINRYE, HFHLS - MO
% B LTV (Fig.4—<). LD EOFEHMRIE REmE
ZWIHERS a 77 F v, EX Y F Uh
ki, BLTA I VHAEREOHERZHL MIRLT
V72 (Fig. 4-d, e).

4. BEREODBH 5> hiv PTCA BO&ET

PTCA KifT#% 8 # A 2B THOEREDRO LW
Bl (Fig. 5-a) ICBWVTIE, MEPRERICHEE T 5T
BB I SISO - B EE L, W
LCERE LAZELHKRDOES 2R L TV (Fig. 5-
b). LAL%DS, ZhSFHEHMAEICIBRERHE
BWERZZLWIRET, EERSHPEEICHFETSHT
AR S N7 (Fig.5-¢). $72, ThoIERHMRO
RIEMBREREEE, BREMICROONb DL
Fol{A—THho7.

5. PTCA 7% 1 £LIE % & /- BIREDAREE DARES
PTCA #4T# 1 £ E 1 F 8 # A) 2R TH AN
& {BAfE L TV B ERAL (Fig. 6-a) TOEETIZ, N
iR o THETE L - R Ak, SR EEEPIROZ
hEF o AROEREEL TBD (Fig.6-b), FiFE
5 4IRS 1 13 Masson-trichrome 8 CTHBICIEBLET 5
BEGHEOHAELTDON, ERINIHEEEERL
Tw /- (Fig.6-c). 72, ThoOFEmMiaE, Ch
FCLRAULHTES o 7 7 F Y PulkEdE, e x>
F iR, LT A I Uik OMIKRERL:
(Fig. 6-d, e).

PTCA |2 & 2 MEAEDOILRBFICEL T, »>
C Griintzig? IZ L VRGBS N7 &) BHEDOHEMEICL -
THLRZDTIIRL, ST LMBEEROBEOR
BIZIBLDTHAH I LI, BEER SN TVES. b
NHNORE TS PICAERICIE, PBELLFRICK
SBHEDDCIIREL L, B4 OBIREDEBEDOITR
BEDH LNz,

MR DEBEHHE U 5 & EE TR IIBERES
Veghd 245, MEBEICBWTHFS TR, Thb
D PTCA 73V — 12 & 15 L TSRO KIS
RO HN, L ICTHEHEG * E LT 5 HRHEME
MO GIIER L ShTwaen, FiEghii
DHEFEL, PTICAR12HD ) BIZALNDEEWVIE
BB L WEDNH L0, SEODRLDOIORE
MG REIZETIX, PTCA 10 B HITIZHE X h AR
AN TlEET 5 FE MR ICRD b .

Z S M QM RERINEE L EE S 5 i i i
&, ML) B L THE X Y F U HUkBHE, T A
I UK EORERBEN YT E L. FEH
W OHREET7 4T A2 POBELAELL E LT,
SDERAVFVEFAI VD2 ODVHELET S5, B
B’74 54y MIMRRBERERT 5855 & LTHE
WCEETHY, FMEoSREiEL b HEICHR
THILEFHMOENTWEY,

b MERBIRO FEEEBRT 5 R G X Y
Fr, FRAIVELIIHEOBRERT DOHFE R
HHNBH, ZOBIREILEPIZERD b5 FHEFHM
BB REERE, EXVF OB, FTAIVE
HTH B L)1,
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Fig. 2 Histological sections of dilated coronary arteries from patients who died soon after PTCA

a: A section of the left anterior descending artery in patient 1. Progressive intimal-medial disruption and medial
dissection are observed in the arterial wall located opposite the atheroma.

b : Note intimal desquamation, thinning and stretching of the atherosclerotic plaque-free wall segment, and lacera-
tion at the border zone between the plaque-free wall and the atherosclerotic lesion (patient 2).

Journal of Cardiology 1994; 24: 279-291
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Fig.3 Seg
a : Note plaque fracturing at the PTCA site.

T T o S =

ment of the right coronary artery from Patient 4 who died 10 days after PTCA

b, ¢ : Magnified views of the region in a indicated by an arrow. Note the cells migrating from the media through the
splitting of the internal elastic lamella (b-arrows), stained with anti-o-SMC actin monoclonal antibody (c-arrow-

heads).

Y X 2 F v EROIMIMI DS REEDTUE & B
LERDH B E Vb T WA ANe, I FiE IS
BUTHEA Y F U ERIPBET, 723V EROR
PLTWDHDRBEROFGNIEVFHLNTY
BV I, N — UHEKB A WIE L — W —BREt
EDA vy —Rya  BOBEERIVTTFL Y b
I =& o TR S Nz P Ol i, &L

(EBVWiEEfRLEEETYATLILLHRESIATY
%190 | 7=5%5 T PTCA WifTHRIZHEE LIEFET 5T
BHHREEIEX CF U EBOEELER (AT
REE) THhHrZ LidtaERLN, SEODADIO
FIEABFIRE, B O N ERIIFEE ISR YUED
HHLDEEDLNS,

T/, TS OFEEHMARSEREDHE I, D
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Fig. 4 Cross-sections of the circumflex artery at the site of dilation 5 months after PTCA (patient 12)

a: Note the excentric luminal narrowing.

b : Magnified view of the spot marked with an arrow in a. Significant proliferation of the pleomorphic cells is
evident.

¢ : A detail of the site shown in b. These cells have large, oval or slightly folded nuclei with stippled chromatin of
variable density. Some have large nucleoli.

d : Proliferating cells show distinct staining with anti-o-SMC actin antibody.

e : Adjacent section stained with anti-vimentin monoclonal antibody. The majority of the cells are reacted posi-
tively.
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Fig. 5 Micrographs of a segment of the left anterior descending coronary artery 8 months after PTCA (patient 13)

a: The PTCA site shows moderate intimal hyperplasia, but no restenosis.

b, ¢, d : Enlarged views of the area marked with an arrow in a.

b : Almost all of the cells in the fibrocellular tissue are spindle-shaped with oval nuclei, and are ordered along the
luminal surface.

¢ : There are few collagen fibers in the intercellular space.

d : These cells clearly show immunoreactivity to anti-a-SMC actin antibody.

Journal of Cardiology 1994, 24: 279-291
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Fig. 6 Micrographs of the right coronary artery in patient 11

a: The site of PTCA shows good patency with mild fibrocellular response.

b, ¢, d, e : Magnified views of the portion indicated by an arrow in a.

b, ¢ : The smooth muscle cells are closely packed in the subendothelial space, and the intercellular space contains
abundant collagen fibers.

d, e : These cells show intense immunoreactivity to anti-vimentin antibody (d), but virtually no desmin reactivity in
the cytoplasm (e).

Journal of Cardiology 1994; 24: 279-291
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Table3 Histological findings of 16 coronary arteries in 13 subjects after PTCA
Patient Artery* Depth of Interval Morphology of Other cells Restenosis
laceration PTCA/death  proliferating SMC
1 LCX® Intimal-medial 2.5hrs Undetected Occasional =)
® M¢
2 LAD® Intimal-medial 6 hrs Undetected Occasional (-)
M¢
3 RCAQ® Intimal 2 days Undetected M¢ (+) (with thrombus)
LCX® Intimal-medial
4 RCAQ® Intimal-medial 10 days Pleomorphic Mo¢ (+) (with thrombus)
5 LCX® Intimal-medial 10 days Pleomorphic Occasional (-)
M¢
6 RCAQ® Intimal-medial 2 days Undetected M¢ (+) (partially, with thrombus)
®
®
7 LAD® Intimal-medial 1 mo Pleomorphic Not conspicuous (-)
8 RCAQ® Intimal-medial 1.5 mos Pleomorphic Not conspicuous )
LAD® Intimal-medial 4.5 mos Pleomorphic Occasional (+)
endothelial cells
10 LAD® Intimal-medial 6 mos Pleomorphic Occasional (+)
endothelial cells
11 RCAQ® Intimal-medial 1 yr, 8 mos Spindle-shaped  Endothelial cells (-)
12 LAD Intimal-medial 5 mos Pleomorphic Occasional (+)
LCX® Intimal-medial endothelial cells
13 LAD® Intimal-medial 8 mos Spindle-shaped ~ Endothelial cells ()
LCX® Intimal-medial

* Segments according to the American Heart Association committee report

Abbreviations as in Tables 1, 2.

59, PTCA #EH» L REBIChIzoTHREX Y F
kY, TR vHEREOEIRE R LET 2
ZEICELTE, BERDOE X Y F U EEMEMNT S
WO TF AR I VOHiEEIIEDLR, »O7R - 1l
R EBETIBICZOERINHEET 4T AL b
OFREHFEENLT LT 27205, H5WIIRAH»
LY XVF VBB, TRIVREDSEHEEOMIRE
BETHAFRHBMBOERISFEL, ZOMBHDY
PTCA BR OB ERBIC L L Tk - HEZITo 2D
PR, ZD2OOEEDNT LI ELEE LTER
Sy (-

¥ -4 ROBEIZB\WT, PTCA #EREZE L/
BB LUy AEETOHREORD LR WHIOM
FEICIE, PRGOS 5 B EICE L
TEHELRERHNFED SN, Wanibuchi 52 OB
BENBEEICBVWTY, PTCABRBHICALNSESR
L BETETRE & R R SRR, HENEAIEE
ThHHD, IAT4FAVIPDZLY, WHbWAEK

BOMEIE L 2 505705, BBV TIIHBREAN
234 747 A 7 MHTEH L 2R O iR s iR A
FRETHAILIFHEHEI ATV S,

PEnZ &6, PTCA HifTEH2 & i HhHe
50— VLRI o THE SN AHEERO B %
BoTHEL YABENEEL, €I TIEEY LG
BINLERBPE2EMRL, BVHERLEGL TS,
AITE - HEERVET. ZOLDOAEDRED
BAIEITL, ChHPBREOREZREERDLE
ZbhB22s, Z0BRIZERLEZEDSNS PTCA
B12A- By AOBOBEREDOZHE® Z2IFHEIZL K
BLTW5,

X5IZPTCAR 1 FHEZBENE, TEHHMaTH
B & N B MENIEE DS (EBEREOAE L D
Sh, BEOTEREE L IZIZEEOERK SRS
FRLTBD, FECLRELABBEZEL TV
Nobuyoshi 52 &, PTCA MEATHAEE % #E7-BhIREE I
1%, PTCA |2 X 2B DORBFIBETE L VITLDRE
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M%#&S L, PTCA % ifT L7oREMORBRIELRDH
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W, WELHEMIIAHETH LY, Tk RFE
FRHIR DA L BETEIC T L CIEE \HEME L SR E R AT
FETA I LPHON, HEHEZEDTWSY, /O
77 = VIEHEFES TS, L) mEEE
KRB LEAODEELEELZRBAT LI EFMONT
WA, ZO—FlE L THEOHERT % EE - K
L, THICE ) FEHHOBEIER LEES &
UBEMREND 2L BHESNTVED, —FK, A
Bz AlRa L TR MR O BEFEHIRIZN R & Fo /X Rk
WMERTORY T T T Lk EDYE %5 L4,
MM DSEA S NBIZONTHEGBEIMICASNR
5B MO ITER L T Ewn)»,
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A EIOEEEBIZTDH, PTCA DBFEETAMICBWT
M~ u 77—V ORENEALN, RICEEBERE
A A THEBEDBEN TR SN D IZHE > THIEEICH
BHIBOBENROON, TR IZIFHEEDET
FHRBHABOTARIC O BLIEL B L v ) EIIZD
57z (Table3). L72d5oT, Thon&TEE4H
FEMEEERICE o THEGHROEEIZEL X
I}, PTCA MifTHORELRIIBHINLE D DEEZD
n7-.

PTCA 1714, 30% RN BEZIIHERENELD,
NWHBRERAKOMES L 2> TwWh, BRERBEOMN
kD722, FEGHMBEOHENGH I RO EETD
5D, FDDICIELUED X BB OHESE
BIRER EREICIBBT A LN ETHBEELILR
5.

# &=
REMABENRFICELT, T, THHEVAEETL
RBRFEFRREFEE RNRZHEE CMAR IR
HHoLEd.

#

PTCAEH% IV 1E8»FTTOMITELA 138218 L LT, PTCA MEATERALO I BE
DIEEEZEL, & ICFEHHRROMERR ¢ HEAKFN B L UREMARZERN ICRE L.
PTCA fifT1% 3 TI2 10 HH T, WHEMROBEER L ) AR T O EFEH Ml 0k
HROOLN, REIZFOBERERHLRY, 1 2 ADEOERELA SN LRELRTIE, FiEH
MBS THEE L CERLEERELZ R L. L2LadD, BREZZEDLZVAIZBY
Tid, BRI SR ORio 28R4 2 L, P LTERE LR.GHKROR
Fl#RL, SH5ICPTCABR 1 ELXRBT S L BOBODOFEHABEOBERMEDOREE L FED
bh, BREOHEOEEL ZIZAKOER SN BEGEZED. T2, ThoOFEHMR
E—B L TR o 77 F iR, Y 2 2 F UHURRYE, U7X 3 U HukRED
HIRERL:.

DD RIEPTCAREATHR 1 n A S8y AOMICEERMICAD N2 EREO S E X { Kt
LT, -1 EDEEEET S LHABENICORETOBENREIROLND Z LI,
PTCA% | FHLUREOBREROK T2 L EMFITHEbDEZER LN,
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