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Directional Atherectomy for Treatment of Restenosis Within Coronary
Stents: Clinical, Angiographic and Histologic Results
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Objectives. The safety and long-term results of directional
coronary athevectomy im stented coronary arteries were deter-
mined. In addition, tissue studies were toch

three patienis with stenting, 70% to 76% of the intimal cells
showed morphologic features of a contractile phenotype by elec-

the development of restenosis.

Methods. Dir coronary d in
Mmudlntslnn!nepaﬁmu(l.pmadumjum 1,179 days
after stenting. The tlssue was assessed for histologic features of
restencsis, smooth muscle cell phenotype, markers of cell prolif-
eration and cell densily. A control (oo stenting) group consisted of

tran mi py 47 to 185 days after coronary intervention.
Evidence of ongoing proliferation (proliferating cel! nuclear anti-
gen antibody studies) was ahsent in all specimens smdied. Al-
though wide irdividual variability was present in the maximal cell
density of the intimat hyperplasia, there was a trend toward a
reduction in cel! density over firze.

13 patients ireated with directionad coronary atherectomy for
restenosls 14 to 597 days after coronary angioplusty, directional
atluumqyorl-er intervention,

Reuh D ] coronary within
lﬁ:mtmmmltu-wdﬂwﬁhrnlhn:hrwﬁwof
the initial stenting precedure (2.31 = 0.38 vs. 2.44 = 0.35 mm).
Of five patients with angiographic follow-up, three had restenosis
requiring reintervention (surgery in two and repeat

C ions. Although is feasible for the treat-
ment of restenosts in stented covonary arteries and initial results
are excellent, recurrence of restenasis is common. Intimal byper-
plasia is a nonspecific response to injury regardless of the device
used 77 accounts for about 30% of cases of restenesis. Smooth
muscls cefl proliferation and phenotypic modulation toward a
contractile phenotype are ellly evenu and largely emlpleled by
the time of climical

followed by Iater angioplasty in ene).
Intimal hyperpinsia was identified in 80% of specimens after
stenting snd in 77% after coronary angioplasty or atherectomy. In

may be pr cellular, mlmxorlmhthnlta
parmhrmausamm-rypnuﬂ
(J Am Coll Cnnhl 1992;20:1465-73)

R:!lemsls nemnms the mauor imif

in 20% 10 40%
of patients wuunn l.be Ist 6 manths after angioplasty (1). The
implantation of stents in coronary arteries or vein

is has now been documented in 2 sirnif-
icant numbcr of patients in the Ist 6 months after stenting
{3.4). The optimal method to prevent restenosis or 1o treat its

bypass grafts as an adjunct or alternative to coronary angio-
plasty was initially proposed to prevent late restenosis (2).

(or ) after coronary angioplasty or
coronary stenting is unknown. No pharmacologic treatment
has been consistently successful in reducing restenosis rates
after angloplasly (5) Although resienosis occurs Wwith the
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vse of inter other than coronary angio-
lasty, no mndomned trials have yet been reported to
ine if more fz is rates result from their

use. Dncnnnsl alhemclomy is one of these alternative

hanical inter rative coronary vascu-

larization. In selected patients excellent postprocedural re-

sults have been documented (6). Furthermore, because the

tissue can be removed, it offers a unique opportunity
study the histologic features of the restenosis tissue.

In lhe pasl 2 yea:s we have collected data from 10

d for is within a stented coro-

nary segment treated with directional atherectomy, The
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Table 1. Clinical Characteristics of Study Group
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Pt No. Age (yr)Gender Previous MI Previous CABG Smoker Hypercholesterolemia DM Hypertension
t S6M 1586 K82 ~ - - +
2 M - - - + - -
3 41 - - - - - +
4a M Inferier, 1977 197711383 - + + -
5 &M - 1986/1987 + + + +
6 &F Posterior 1986 - + - -
7 L] - 1983
4b s Infesior, 1977 197771983 + +
] “4M Infericr, 1989 -— - + - -
9 T6M Inferior, 1974 1974 - + - -

CABG = coronary artery bypass surgery; DM = diabetes meHitus; F = female; M = male; M1 = myocardial infarction: Pt = Patient; — = not present; + = present,

purpose of this study was twofold: 1) to determine the
feasibility, safety and late results of directional atherectomy
for treatment of restenosis within coronary stenls; and 2) to
assess the tissue removed from the restenotic lesion that
caused the narrowing within these stents. Aithough resten-
osis after coronary angioplasty has been ch i by
proliferating smooth muscle cells associated wiln extracel-
lular matrix formation, we were particularly isterested to
assess whether differences existed in restenosis after stent-
ing. In addition, because the temporal changes in the his-
tologic pattern after coronary angioplasty have been studied
in only a limited number of patients (7), we wanted to study
the proliferation rates and cell density of restenotic tissue
remuved at specific intervals of time to better characterize
the develop of is. For the pathologic studies,
we comp tissue retricved by coronary
nine patients with restenosis in stentcd arteries with ussue
nlmmed from 13 panents with restenosis after coronary

stent. Five of the patients were treated in Rotterdam, two in
Belgium, one in the U.S. and one in Toulouse, France. The
clinical characteristics are presented in Table 1, Five of the
procedures were performed in stents placed in bypass grafts
and the other four stents were implanted in native vessels
(Table 2). Six of the stented vessels contained the Wallstent
(Schneider), which is a self-expandable, stainless steel wo-
ven mesh stent (3,4). Two patients had an implanted Palmaz-
Schatz sient (Johnson and Juhnson), which is a balloon-
expandable stainless steel tbular stent (8). One patient had
received a Wiktor stent (Medtronic), a tantalum balloon-
expandsble stent with a helical coil design (9). In five
patients stenting was performed for a primary lesion; in the
remaining four patients stenting was originally performed for
restenosis after coronary angioplasty. Two of these patients
(Patients 4 and 9) had multiple restenoses, and one of these
(Paticnl 4) underwent a second atherectomy procedurs
within the stent for a recurrence of restenosis after the initial

or h without adjunct stent-  atherectomy. All patients with coronary stents were treated
ing. with heparin initially and then naintained on therapy with
aspirin and vitamin K antagonist (warfarin or eceno-
Methods cotmarol) for a mezn of 230 days (range 42 to 1,179).
et Atherectomy was performed within the narrowed steat 82 to
The stent study groups consisted of nine patients who 1,179 days aﬁer stenting. Three of the patients had separate
underwent 10 dures within the  coronary angiof procedures for stent-related p
Table 2. Characteristics of Vessel and Lesion
Reason for
Stenling Stent Diameter Time 10 Atherectomy Present Status
Pt No. Steat Vessel tlesion type} Stent Type {mm) {duys)* (NYHA class)
1 CABG Primary Wallsient 35 47(14) Surgery for resienosis
2 LAD Restenosis Palmaz-Schatz 3 ) Surgery for resieaosis
3 LAD Primary Palmaz-Schatz 35 ® Cras 1
4 CABG Restenasis Wallstemt 35 6 (462) Laser angioplasty
5 LCx Primary Wallstent 35 130 Dead (retial failure)
6 CABG Primury Wallsiem 4 135 Class [
7 CABG Primary Wallstent 4 9 Class I1
4 CABG Reslenosis Wallstent 3.5 156 (366} Atherectomy
8 RCA Restenosis Wiktor 35 183 Class 1
9 CABG Restenosis Wallstent 5 609 (1,179} Class 11

*Figures in Mnlhms represent the number of days afler the stent procedure when additional procedures were required. CABG = coronary artery bypass

graft; LAD = left L il
artety.

artery; LCx = lefl circumf

coronasy artery; NYHA = New York Heurt Association; Py = Patfent; RCA = right caronary
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before the atherectomy. Patient 1 initially underwem coro-
nary angioplasty for restenosis 97 days after stenting and
then required atherectomy 47 days later for a second resten-
osis within the stent. Patient 4 underwent balloon angio-
plasty for restenosis 210 days after stent implantation and
thcn atherectomy 156 days later {366 days after slemlng)
of is, a second ath d

performed 96 days after the first atherectomy 62 days after
stenting). Patient 8 had a symptomatic acute occlusion 5
days after stenting. After ion with i y
streptokinase and coronary angioplasty, he bad an unevent-
fu? :ecovery until angina recurred 5 months later because of
restenosis within the stent. Patient 9 received a second stent
for a diffcrent Iesion in the bypass graft 570 days after the
first stent. A lesion subscquently developed in the initial
stent and was treated by atherectomy 1,179 days after the
first stent implaniation (602 days after the second stent
implaatation). After atherectomy, two patients (Patients |
and 9) remained on Coumadin therapy and alt patients took
aspirin for at least 3 months after atherectomy.

For the histologic evaluation of the tissuc, we selected a
control group that consisted of all patients in the Thorax-
center experience who underwent an atherectomy procedure
for restenosis after coronary angioplasty. atherectomy or
laser treatment (n = 13) (see Table 5). This group consisted
of 11 men and 2 women, from 400 7] years old. The interval
between the most recent jutervention and atherectomy for

msumsls ranged from 14 to 597 days
hic analysis. All ci were anal
with use of the fur-assisted cardi k

phy analysis system (CAAS), which has pmvmusly been
discussed in detail {10), In brief, any area 6.9 x 6.9 mmina
selected cine frame {overall dimensions 18 X 24 mm) encom-
passing the desired arterial segment can be digitized by a
high resohution CCD camera with a resolution of 512 x 512
paacls and elght bits of gray level. Contours of the desired

ically on the basis of
weighted sum of the first and second derivative Functions
applied to the digitized brightness information along scan
lines petpendicular to the local centerline directions of the
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Figure 1. Transmission electron wicrograph showing (A} a smooth
musclc cell with the synlheuc phenotype. There are abupdant

lum, Golgi ap-
plnllls and rib Ouly a few myofi present and are
located in the periphery of the cell. B, Contractile smooth muscle
cell cytoplasm consists mostly of myofilaments and a few mitochon-
dria.

specimens were processed according to standard proce-
dures. and then parafiin sections were stained with hematox-

vessel segment of interest. A computer-derived estimation of
the original dlmenswn at l.he site oﬁhe narrowing is used to
define the i This techniquc i

based on 2 computerderived estimation of the original
diameter values over the analyzed region (assuming that no
narrowing was present) according to the diameter function.
'l'h: absoluw dnmeter of the stenosis and the reference

] by the computer, which uses the
dmmeur ohhe guldmg cmheler asa calibration factor after

Tisse sudnk. After extraction of the tissue with the
Simpsan Coronary Atherocath, the specimens were care-
fully removed from the housing chamber of Ihe catheter,
washed with 0.9% salin¢ solution and cut into pieces approx-
imately 1 x t to 2 mm, Represemtative picces were fixed in
10% buffered formalin for light microscopic studies. The

phloxine and with van Gieson. Three to five slides
were prepared at various levels through the paraffin block.
The tissue wes specifically asmsed for the presence of
intimal hyperplasia and ath plaques Jing o
the definitions of Johnson et al. {11). Intimal hyperplasm was
defined as highly cellular tissue consisting of randomly
an'dnged stellate and spindie cells in an abundant, collagen-

matrix. Ath | plaques
consisted of dense fibrous tlssne wnh abundant coBagen,
bl and lear cells in-

cluding lymp hagelic

lmmuunhstothemul studies. in d:paraﬂ'mued sections
immunostaining was performed with monoclanal antibodies
directed against alpha-smooth muscle cell ncun (Sigma) with
the use of an indirect
Proliferating cells were identified lmmumcymchenucally by
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Table 3. Angiographic Results
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Before Alter r
Reference Stenting Stenting Stemt Follow-Up Atherectomy Atherectomy Follow-Up
Diameter MLD DS MLD DS  Days* After MLD DS MLD DS Days After MLD
PtNo (mm) (mm  (F)  (mm (%) Stenting (mm} ) {mm) %) Atherectomy  (mm) (%)
1 237 107 56 195 a2 49 (144} 031 (7] 258 8 n 0.63 “
2 px 115 59 267 5 8 119 56 1% % 14 L8 »
3 314 18 49 284 M ] 134 58 218 2 “ 13 58
L™ 3l % 0.0 58 233 a7 -
5 31 i1 & 21 " 130 130 » 237 5 —
6 29 06 n 20 3 135 063 » LT 32 186 246 2
7 22§ 075 B 255 W 143 0.70 ©® 21 2 -
ab 31 12 61 28 15 156 (366) 10 % 281 2 % 09 58
8 3313 0.96 nn 2.3 » %3 LN (] 234 2 ke 237 2
9 AL 140 o 21 2 6 081 n 24 2 _
Mean 28 Lz e 24 2 (L] 64 23 i 1w »
+5D 0.35 0.36 5 03 10 024 7 0.28 10 067 19

"Figures in perentheses represent the number of days after the stent procedure when additional procedures were required. DS = diameter stenosis; MLD =

minimal lumen diameter; Pt = patient; — = not done.

using a moncclonal mouse antihuman proliferating cell nu-
clear antigen antibody (PCNA) (DAKO-PCNA, PCI0). This
antixeq is a deoxyribonucleic acid (DNA) polymerase aux-
iliary protein and is expressed during G1, S (DNA synthesis)
and G2 phases of the cell cycle (12-14) but not in the
quiescent G, phase. Small intestinal mucosa served as
positive control for PCNA staining.

Electron microscopy. Representative pieces were fixed in
a solution of glutaraldehyde-formaldehyde (4CF-1G). Post-
fixation was done with osmium oxide,. The specimens were
then embedded in Epo 1 and ultrathin sections were slained
with urany| acetate and lead citrate. All specimens contained
smooth muscle cells in an abundant extracellular matrix.
Cells were assessed as either contractile or synlhem: type
smooth muscle cells based on the followi

Results

Clinical findings. Al atherectomy procedures were tech-
mically successful (residual stenosis <50% with retrieval of
tissue), and there were no procedural complications other
than a transient ischemic attack that occurred during coro-
nary angioplasty of a separate lesion in one patient. The only
technical problem occurred with the Wiktor stent; after the
procedure the configuration of the stent was disrupted,
although no complications ensued. Tiny fragments of the
tantalum wire were observed in the atherectomy material.
All patients had immediate alleviation of their symptoms. At
late follow-up study (4 to 1S months), Patient 2 had died after
bypass surgery for restenosis after atherectomy and Patient
5 had died because of md-slm renal ﬁnlule Two other

features (15): 1) The synthetic cells were ch ized by

patients requi inter of

extensive cytoplasmic organelles, including endoplasmic re-
ticulum, Golgi apparatus and ribosomes, and by peripheral
location of myofilaments (Fig. 1A); 2) the cytoplasm of the
contractile ceils consisted mostly of myofilaments and a few
mitochondria (Fig. 1B); and 3) cells were counted in multiple
fields (at Jeast 150 cells in total) and classified according to
these criteria into two phenotypes.

Cell deasity of intimal h/perplasia. In hematoxylin- and
azophloxine-stained sections, arcas of intimal hyperplasia
were identified, and cell nuinber was assessed in several
fields by a computerized morphometry system (IBAS, Kon-
tron). The maximal value recorded was used to determine
cell density, which was exp d as cell bey/mm?
intimal tissue. Specimeny without intimai hyperplasia were
excluded from this measurement because this part of the
study was specifically designed to look for temporal cnanges
in cellularity occurring in areas of intimal hyperplasia formed
in response to the coronary procedure,

due to is after ath Patient 1
underwent bypass surgery 6 months after the atherectomy,
and Patient 4 was treated with excimer laser therapy. Five of
the patients remained in New York Heart Asscciation func-
tional class I or II,

Quantitative angiog (Table 3). diately after
placement of the stent there was an overall significant
increase in the minimal lumen diameter and a significant
decrease in the percent of the diameter with stenosis (chang-
ing from a mean value * SD of 1.12 + 0.36 10 2.4 &
0.35 mm and from 63 = 9% to 21 = 10%, respectively; p <
0.001). However, at follow-up study before the atherectomy,
all of the lesions had deteriorated, and the respective overall
values were 0.99 = 0.24 mm and 64 = 7%. The immediate
result after atherectomy was similar 1o the immediate results
of stenting (2.31 £ 0.28 mm, 27 + 10%). Late follow-up
study after atherectomy was performed in only five lesions,
with significant deterioration (Joss =0.72 mm) occurring in
three lesions. Figure 2 shows an example of the angiographic
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Table 4. Histologic Results in Study Group

li'lg!nl. Stcnuusmapmmnlbyplssmﬂ A,Betorenenung

Duntion Afier
Pt Procedure Intimal
No. (days}* Hyperplasin  Media  Adventitia Actin  PCNA

1 47144 - - ~ +4+ -
2 2 + + - NA NA
3 ] + - - ++ -
A 96 (462) + - - ++

5 130 + + - NA NA
6 135 + - - ++ -
7 143 + - - ++ NA
4b 156 (366) - - - ++ -
8 k<) + - - ++ -
9 69117 + - - ++ -

*Duration afts refe " bers i
parcaiheses represent the pumber of days after the steat pmcedure when
additional procedures were required. NA = not assessed; PCNA = prolifer-
aling cell nuclear antigen; P1 = palient; — = not present; + = present; + + =
strongly positive.

B, result after steating. C, Restenos. in the stent distal
to the original site of stenosis. D, Immediate esult after atherec-
tomy within the stent.

appearance of the lesion before and immediately after stent-
ing and at follow-up study before and after atherectomy.
Histology. After stenting (Table 4). The characteristic
feature in tissue obtained in sight of the lesions was intimal
hyperplasia, defined as a proliferative cellular response
associated with a matri:” of loose wnmcuve hssue The area
of intimal hyperplasia was typ sharply d
from the underlying sclerotic plaque. However, the cellulas-
ity, amount of collagen and extracellular matrix of the
intimal hyperplasia varied among patients (Fig. 3 and 4). In
eight of the lesions the main cell type within the lesions was
identified as smooth le cells as dbythep
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Fignre 3. Hematoxylin-azophloxine-stained section of tissue re-
moved from a stent 89 days after stenting. The section has the
typical appearance of intimal hyperplasia (highly cellular fissue
consisting of randomly arrazged stellale and spindle cells in o lnose
extracellular matrix). Original magnification x25, reduced by 35%.

of smooth muscle cell specific alpha actin. Reuults of spectﬂc
stammgfor dothelial cells ard }

in two specmwns tested althongh lymphocytgs were identi-
fied in tissue from Patient 3. No giant cells, indicative of a
foreign body reaction, were identified in any tissue speci-
men. Prominent capillary ingrowth was evident in three
specimens. In two specimens the internal elastic lamina an¢
adjacent media were identified (Fig. 5). No cvidence of
adventitia was recovered. Ultrastructural studies in three
patients with stenting (Patients 1, 6 and 8) showed that the
majority (70% to 76%) of intimal cells were contractil2 in
morphology. No differences could be appreciated at the
different time intervals. No differences were fourd in his-
tologic or i istry features b typee of le-
sions (primary vs. de novo), vessels (native artery vs. bypass
graft) or stents.

After angioplasty or atherectomy (Table 5). In the con-
trol coronary angioplasty or atherectomy group, the his-
tologic appearance of the tissue was indistinguishable from
the stent tissue. Intimal hyperplasia was evident in 10 of the
13 specimens, and various stages of cellularity were evident.

Vol, 20, No.
Dmmher 1952 1465‘73

Figare 4. Hematoxylin-azophloxine-stained section of tissue re-
moved from a stent 156 days after stenting. No intima! hyperplasia
was present. The tissue consisted of a few cells embedded in an
abundant collagen-containing extracellular matrix. Original magni-
fication %10, reduced by 35%.

Media was obtained in three (22%). No evid
of adventitia was recovered.

Proliferation studies (Tables 4 and 5). In all specimens
studied, 0o ceils could be identified that reacted with the
antibody to PCNA.

Cell density. The maximal cell density of the intimal
hyperplasia in the patients with stenting and the control
group is shown in Figure 6. Although wide individual vari-
ability was present, there was a trend toward a reduction in
cell density of the intimal hyperplasia over time.

Discussion

Restenosis persists s an important limitation to all forms
of nonoperative coronary revascularization despite increas-
ingly more complex forms of interventions, such as stenting,
athereclomy and iaser-assisted therapy. !t remains to be
established whether any mechanical method can effectivel;
treat (and prevent recurrent) restenosis after coronary bal-
loon angjoplasty or stenting. This study demonstrates in 2
limited number of patients the feasibility and safety of
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Figure S. Hematoxylin-azophloxine-stained section of tissue re-
rmoved from a stent 82 days after stenting. The presence of the media
is indicated by the interna! elastic lamina (arrew) and the typical
architecture of the smooth muscle cells in the media. Origisal
magnification %10, reduced by 35%.
performing directional ath for stent is. In
fact, atnerectomy may be a safer procedure in stented than
in nonstented vessels because the wires appear to limit the

Time Post Procedurs (days)

Figurc 6. Maximal cell density {cell pumber/mm?) in restenotic
lesions after stenting and co~onary aigioplasty (PTCA) or atherec-
tomy (ATH). The x-axis represents the rumber of days after the
procedure. Only restenotic lesions with intimal hyperplasia were
evaluated. There is a trend toward decreasing cellularity over time
in these lesions, although considerable individual variability is
evident.

depth of the cutter into the vascular wall and thus reduce the
possibility of perforation. However, it is still possible 1o
remove media (as in Patients 3 and 6) either between the
stent wires or if the steat wire has penetrated the internal
elastic lamina.

Aungiographic Andings. The angiographic restenosis and
the requirement of mm:rvemmn after 4 of the 10 proce-
dunssuggesttlnt’ ional is not particularl;
effective in p ing of is in stented
coromary armizs. ‘The high rate (42%) of angicgraphic
Testenosis in our control group (5 of 12 patiems) also
supports other smdles thnt indicate l.hat athermomy is not
superior to comnary p in
the of ] lesions
(and, in particular, -plmnoux vein bypass grafts) (16). The

Table 8. Histologic Results of R is After Coronary Angioplasty (PTCA) or Ath in the Control Group
Age () Duration After Intimal

R No. Gender Vessel Procedure Proceduce (days)* Hyperplasia Media Adventitia PCNA
[} GF LAD PTCA " - + - -
H SIM LAD Atherectomy u8 + - - -
3 M RCA PTCA 56 - - -
4 M LAD PTCA 80 + - - -
] oM Cx PICA ® + - - NA
6 M LAD PTCA 95 - - - NA
7 M LAD PTCA 1 + + - NA
8 M LAD PTCA 126 (00 + - - NA
9 40M LAD Athereclomy 13 + - - -
10 F LAD PTCA 134 + + - NA
[} 49M LAD Laser 165 + - - NA
12 &M LAD Athereclomy 195 + - - NA
[¥) M RCA PICA %7 + - - NA

*Duration after procedure refers to the most recent procedure; mumbers in parentheses reprasent the number of days af'er the initial coronary intervention
when additional procedures were required, Abbreviations and symbols as in Tables 1, 2 and 4.
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logic agents designed to reduce proliferation may only be

stented vessel within 3 months of the stenting procedure also
emphasizes the relation between recurrence of restenosis
and a short interval b initial p and p

tion of restenosis seen in several angloplasly sludles (17,18).

Similarly, a recent (<4 months) coronary angioplasty pre-
dicted is treated with directional atherec-
tomy in a study in which the restenosis rate was 44% (19).

Histologic findings. Histologic evaluation of the tissue .

mneved from m!cnotlc lesions (after stenting, caronary
y or laser ) confirms the

quired in the Ist 2 months after the procedure rather than
the 6 months usually prescribed.

Tre vast majorlty of smooth muscle cells modulate
toward the contractile phenotype early after the procedure.
Therefore, only a relatively small p of the smooth
muscle cells (that is, lhnse with the symheuc phenolype)
appear to be ible for the of
matrix proteins because in vitro studies have shown that the
production of proteoglycans and collagen is 5-fold and 26 to
45-fold higher, respectively, in the synthetic phenotype
(28,29). In our study synthetic type smooth muscle cells only

findings of previous studies: 1) intimal b plasia is the

24% to 30% of the overall smooth muscle cells in

characteristic feature in 75% to 80% of restenotic fissue
specimens from arteries treated with ath , and the

the three patients with stented arteries who underwent

renjaining 20% to 25% of specimens contain only ath )

[ 47 to 183 days after coronary intervention. In

rotic plaque material without the features of intimal hyper-
plasia (11); and 2) smooth muscle cells are the predominant
cell type found in restenotic lesions (20-22). It is unclear
whether the abscnce of intimal hyperplasia in such lesions is
due *o a sampling error by the atherectomy catheter or
another mechanism of resicnosis, such as elastic recoil or
inadequate initial dilation. If larger studies confirm this
observation, it indicates that restenosis interventional trials
(pharmacologic or mechanical) with the intention of prevent-
ing smooth muscle cell proliferation and the formation of
intimal hyperplasia can potentially affect only approximately
75% of patients at risk for restenosis. Future study designs
may consider this in determining sample size for restenosis
mals In addmon, our study aiso illustrates that intimal

in ic tissue dless of
the i lmuatmg procedure, with no unique features

contrast, Nobuyoshi et al. (7) identified “synthetic™ type
smooth muscle cells as the predominant cell type in the 1st&
months; thereafter, the “‘contractile™ type smooth muscle
cell was dominant. This earlier predominance of contractile
smooth muscle cells in our sludy may be due to differences
of py vs. less
mlmble light microscopic features in the series of Nobuyoshi
et al.) or possibly related to differences in procedures
(stenting vs. coronary angioplasty alone). In a balloop injury
model in rats, Kocher et al. (30} observed a phenotypic
change (toward a contractile type) similar to that in our study
in lesions 75 days after injury, based on the ratio of smooth
muscle to nonmuscle actins that had returned to levels of
normal medial (contractile) smooth muscle cells.
Lesion cellularity decreases as a function of time but with
a wide immndlwdual variabllity. As a consequence, lesions

to stenting in general or to a particular Lype of stent. This
observation underscores the fact that intimal hyperplasia is a
nonspecific response to vascular injury regardless of the
method of damage (23,24).

The temporal sequence of events in the formation of
intimal hyperplasia after coronary intervention remains
largely unknown. Our results suggest the following:

Smooth muscle cell proliferation is an early event and
barely detectable 2 months after the procedure. To date
shere are no data on the cell proliferation rates in humans
after balloon angioplasty, although the use of cyclin to label
proliferating cells in human de novo atherosclerotic plaques
has previously shown a labeling index ranging from <1% to
>49%% (25,26). Our results, showing no proliferative activity
in the smooth muscle cells 82 days to 700 days after stenting,
suggest that smooth muscle cell proliferation is an early and
limited process after vascular injury in humans. This is
similar to the results after vascular balloon denudation in
animals in which smooth muscle cell proliferation is first
observed 48 b after vascular injury, and peak proliferation
occurs at mbout 1 week, followed by a rapid decline and
reaching baseline values by a month after the vesse! injury
(7). Owing to the limited petiod of smooth muscle cell
proliferation early after coronary angioplasty, ph

bep iy cellular, matrix or a combination at a
particular time after a coronary procedure, Restenosis has
been regarded as a process that is largely completed by 6
months after a procedure Althuugh cellular proliferation
and matrix synthesi ized as the of
the restenotic lesion, lhe remodeling of the vessel wall after
vesse! injury is not understood and the relative contribution
{and possibly the presminent role) of the matrix components
(proteoglycans and collagen) has not been appreciated. An
inverse relation appears to exist between the cellularity of
the intimal hyperplastic lesions and the number of days after
a procedure, although there is great individual variability.

A temporal relation between the cellularity of the intimal
hyperplastic lesions appears to exist, although wide individ-
ual variability is present. Because cellular proliferation ap-
pears to be an early event, the cellularity of the lesion is
primarily related to the amount of synthesized matrix. The
wide range of cell density at a particular time interval may be
related to either inberent biologic variability or possible
sampling error. The total amount of matrix present at a
particular time is related to the syntbesis and resorption of
the particul The of proteogly is
unknnwn, nlthorugh the limited data show low collagen and
elastin turnover in experimental models of hypertension
(31). The individual variability in cell density emphasizes the
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differential importance of matrix deposition in individual
lesions. Determining the composition and extent of the
matrix synthesis during remodeling of the vessel afier
atherectony, stenting or coronary angioplasty is an impor-
tant step in understanding the process of restenosis. It
should lead to new and synergistic pharmacologic ap-
proaches beyond control of smooth muscle cell proliferation,
which appears to be an early process and difficult to limit.

Study limitations, This study is primarily limited by the
relatively small amount of tissue extracted by the atherec-
tomy catheter, which causes a potential sampling bias error.
In particular, the device may not have removed the region of
intimal hyperplasia containing the highest cell density or
high cell proliferation or possibly even may have completely
missed arcas of intimal hyperplasia in specimens that
showed only old atheroma. Thercfore, the findings from this
study with respect to the remodeling of the lesion over time
should be confirmed in more extensive studies.

We gratefully acknowledge the assistance of Coby Peckstok for histologic
processing of specimens, Lianne Vroonhoven for the PCNA and immunostain
preparations. Cor Sorber for IBAS operarion and Eline Montasban van
Swijndregt and Marie-Aungele Morel for quantitative coronary angiography.
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