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Human coronary ariery is after per )

izntion is a response to mechanical injury. Smootk muscle cell
proliferation is 8 major component of restenosis, resulting in
ohstructive neointimal hyperplasia. Beesuse ionizing radiation
inhibits cellular proliferation, this study tested in a porcine
eorenary injury model the hypothesis that the hyperplastic re-
spanse to corenary artery injury would be attenuated by X-
irradiation.
Deep arterial injury was produced in 37 porcire left anterior
dwcending cnrﬂnary artery segments with overexpanded, peren-
vi ils. Three gronps of pigs were
u-mdmted with 300-kV X-rays after coil injury: Growp | (n = 10),
400 ¢Gy at 1 day; Group Il (n = 10), 400 ¢Gy at 1 day and 409 ¢Gy

at 4 days and Group 1L (n = 9}, 800 <Gy at 1 duy. Eight pigs in
the control group underwent idenbical injury but received no
radiation, Treatment eficacy was histologically assessed by mea-
suring necintimal thickness and percent arga stennsis,

Mean nevinti hick in all i groups was sigail-
icantly higher than tm the contred groups and thickness was
propottional ¢o X-ray dose,

X-irradiation tteliversd at these doses and nmts did mot mmlm
proliferative nesinti Rather, il d the neok
response bo ocute arterial injury amd may have potentinted that
injury.

diated
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The causes of is after p pus transluminal
coronary angioplasty are complex, but they include a hyper-
plastic neointima forming in respons¢ to vessel injury. Clin-
ical trials of drugs including antiplatelet agemts, anticeagu-
lant agents, corticosteroids and calcium channel blocking
agents have proved unsuccessful in r2ducing restennsis
rates. Newer devices including laser and sients have also
failed to reduce the proliferation of nevintima; the mcidence
of restenosis remains at least 30% to 45% (1-1).

Restenotic |¢sions consist of an obstructive. proliferative
mass of smooth muscie cells in a proteogiycan matrix.
RBecause X-irradiuiion is used extensivelv in the treatment of
proliferative neaplastic and nonneoplastic disease (4-6), this
study tested the hypothesis that external X-irrudiation mighe
reduce the amount of proliferative neointima after coronary
artery injury. A porcine coranary injury modei that accu-
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rately mimics the amount and character of human restenotic
neointima (7) was used in these studies, In this model, the
amount of hyperplastic neointima is proportional to the
severity of injury {8}, thus providing a quantitative mecha-
nism for divect comparison of treated and entrented aniials.

Methods

Study amimals. All studies were performed with the ap-
proval of the Institutional Animal Care and Use Committee.
Juvenile domestic crossbred pigs {weight 25 to 35 kg) were
fed a normal laboratory chow diet without lipid or choles-
terol supplementalion All pigs were premedicated with oral
aspmn, 6:0 mg, at leasl 24 h before coronary injury. Genesal

d of i i 12 mg/kg
body weight, and xylazine, 8 mp/kg, injection. The ventral
neck region was infiltrated with 10 ml of 1% xylocaine for
local anesthesia. Oxygen wa.s admunslered by face mask.
C electrocardi (ECG) and 11 ous
hemoglobin saturation momlnnng was performed. The right
external carotid aricry was exposed und an 8F hemostatic
sheath placed for arterial acczss. Heparin (10,000 U) was
administerad as an arterial holus injeciion.

Method of vorenary artery injury. The method of using
metaltic coiis to induce coronary artéry injury has been
described p ty (7). Coil implantation was performed in
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the lefit anterior descending coroaay artery of 37 pigs. This
artery was specifically chosen for is proximiiy 1o the anre-
rior body surface, minimizing the distance needed for the
X-ray beam 1o travel.

Usnder fluoroscopic guidance. a commercial coromary
angioplasty balloon wrapped with a tantalum metallic wire
coil was placed in the 12l anterior descending artery so that
balloon oversizing by & factar of 1.3 10 2 was obiained.
Inflation of the balloon deployed the coil and severely
injured the coronary artery as previously described. This
balloon expansion and coil injury method results in histo-
pathologic injury by each coil wirc segment. A graded
spectrum of injury occusred in a spatially focalized circum-
ferential vessel wall region. yielding a graded response of
neointimal thickness at each wire site (3).

Fluoroscopy and selective contrast injection shortly after
coil implantation confirmed coil location. adequate coil
cxpansion and vessel patency. The carotid sheath was
removed and the carotid artery ligated. The neck wound was
closed with interrupted sutures. The coil location beneath
the sternum was externally identified fluoroscopically and
the skin at this site was marked with an indelible ink marker.
The pigs were returned to quarters for later radiation treat-
ment.

Radiation pretocol. Before implementation of the pig
radiation protocol, a pig carcass was placed in the position
used for irradiztion witk a radiation dosimeter located on the
left anterior descending coranary ariery to verify that deliv-
ered doses were in agreement with calculated doses. Doses
reaching the arery were also estimated by using a phantom
of the pig chest. Estimated accuracy of the dose reaching the
coronary artery was within +£35%.

Four groups of pigs were used: three trealment graips
and one control group. These groups were chosen for 2
variety of radiation doses and timing after arteriaf injury.
The schedule of radiation was chosen soon after coronary
artery injury because of stadies {9} showing smooth muscle
cell preliferation within 48 h of arterial injury. The control
group received no radiation. Group | received 400 Gy 1 day
after coronary artery injury; Group II received a split
radiation dose consisting of 400 <Gy at 1 day and 400 cGy 4
days afier injury and Growp 1L roceived 800 ¢Cy | day after
injury.

A 300-kV General Electric Maxilren X-ray machine.
operated at 300 KV and 20 mA, was used for radiation
treatments, The X-ray beam was fillered by 2 mm of copper
for a half value layer <tighily greater than 1.8 mm Cu. X-rays
were delivered 10 a 25-cm? field centered on the external skin
mark for coil location, at a dose rate of approximately
100 cGy/min. Except for this 25-cm® field. each pig was
shielded with about 3 to 4 mm of lead, and backscatter was
minimized. The port size was thus kept to a minimum. The
pigs were returned to quarters for recovery after irradiation.
With ¢his radiation protocol, no noticeabie ill effects on the
general well-being of the pigs were expected. All animals
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were caretully observad for signs of illness or untoward
effects after radiation.

The presence of the stemt during irradiation would be
expected o cxert minimal influence within the estimated
accuracy of the delivered radiation duse. Ir addition. there
was no rcason 10 believe \bat radiation-stant iateraction
would alter the tissue response 1o radiation.

Histopathologic processing and measurements. Pigs were
killed ai 28 = | days after coronary artery injury with usc of
a commercial intravenous euthanasia solution. The heart
was reitoved immediately at death and the coronary arteries
were pressure perfusion fixed for 24 b with 19% seutral
buifered formalin. Coronary aricry segments conte;ning the
metal coils were carefully dissected free from the epicardial
surface. The vessels were sectioned at 2-mm intervals per-
pendicularly 10 1h¢ vessed long axis, and the residual metaliic
coil fragments were removed. Each arterial segment was
embedded and stained with hematoxylin-cosin and elastic
van Gicson stain, All histopathologic measurements cnd
observations were made withom knowledge of treatment
group by an experienced cardiac pathalogist (W.D.E.} using
a calibrated microscope reticle.

Each 2-mm histologic section of a given artery was
examined to determine the section showing maximal lumen
narrowing. The single section with the most severe stenosis
was used to make alt measurements. The calibrated micro-
scope reticle was used to measure the majur and minor axes
of beth the originel and the stenotic (residual) vessel lumen.
Areas of the ongiral and stenotic lumcas were catculated
assuming an elliptic ¢ross section (Area = [pi X Major
axisf2f % (Minor axis/2]). Percent area stenosis was calcu-
lated as

% Stenosis = 100 x {10 -
{Stenatic lomen area/Original lumen arca)).

Quaatirative vessel infiry severity and neoimtimal re-
wponse were measured from the elastic van Gieson-stained
seclions as foilows. Vessel injury at every wire site was
assigned an injury score based on the anatomic structures
penetrated by that cail wire. This value could vary from 0
(least injury} through 3 (most imjury). Table 1 shows this
numeric injury-coding melliod. The mean arierial injury
score for a section was calculated as the mean injury caused
by all wires in that section:

X weights for each wire
Mean injury score = Number of coil wires present :

Nevintimal thickness at each wire site was measured.
The mean neointimal thickness for aif wire sites in the
section was used as the index of injury response. For each
arterial segment in this study. there was thus a mean injury
score and a mean thickness of necinlimal response.

Statistical metheds. Two approaches to lincar modeling
affowed for guantitation of resuits. The first modeling pro-
cedure was performed to determine (scparately for the
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Table 1. Assignment of Yesse! Injury Score
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Tohle 2. NDemographic Dala for Al Groups

Description of
Assigned Weight Injury
] Internal ¢lastic famina intact: enduthiclivm {ypically

denuded: media may be cumpressed but not Jacerated.
] Intemz clastic famina facerated; media typically
compressed but not Jacerated.

2 Internal elastic lamina lacerated; media visibly lacerated;
external elastic Ju intuct but may be compressed.
3 External elastic [amina lacerated; typically large

lacerations &f media extending through the exicrnal
elastic lamina: cail wires sometimes residing in
adventilis.

untreated and the treated groups) the relation between injury
and proliferative thickness. The second modeling procedure
permitted comparison of Lhe groups. [n this second method,
three linear models were used to relate the mean prolifera-
tive thickness (dependent variable) 10 the degree of injury
(independent veriable) to quantitatively compare the re-
sponses between treated and untreated groups. A slope and
intercept for each relation (treated vs. untreated) were
oblained from the models, Dillerences in response to treat-
ment were thus reficeted by significant aifferences in slopes
or intercepts, ur borh

Linear regression analysiz for mean necintimal thickness
v score was pedformed by using pigs fromt
aii groups (irradiated and nonirradiated) except those pigs
experiencing sudden death. Rinary variables {(valie @ or 1)
denoting treatment group were added to the regression
equation to ¢valuate the significance of the treatment.

Three such regression models were made to test differ-
ences in 1) intercept assuming equal slopes, 2) slopes assum-
ing arbitrary interccpts, and 3) slopes assuming cqual inter-
cepts. Each was performed as follows. For the first model,
which tested for differences of intercepts, the repression
equation was

Thickness = u % Injury + & % Gl = ay % G111 a3
¥ GItf + Constant. [1]

For the second mudel, in which slopes were compared
assuming an arbitrary intcreept, the madei uscd was

Thickness = u % Injury + &) X Gl + a» x GI| + a3 x GIHI

4 Upy %G1+ By X GIL + B2 % GIH) # [mjury + Constant  [2}

Spontanecus Days
Pigs Deaths Sponteneous

Uroup no.y {na.) Death
Contral 3 [} -

1140 <GY) 10 2 Sand®
11 (4001400 Gy) o 1 4
1114800 ¢Gy) 9 | i5

= — uig deaths,

GI, GIf and GIII were the hmnry group variables for each
irradiation group. was blished by
evaluating the resulting o, and B, coefficients., The o, and 8,
in each medel conld be interpreted as differences between
the respective {realed group and control group intercepts
and slopes.

Results

Thirty-seven pigs underwent successful coil implantation.
Table 2 gives the number of pigs in ach group. Not all pigs
survived the expected 28 days: sudden death vecurred in
faur pigs at various times ofter caronary injury.

Clinical effects and gross examination. As expected from
results in humans with comparable radiation doses, no
adverse cliical or benaviural effects were apparent in any
irradiated animal serviving until induced death. Gross exam-
imation: of the hearts after death also showed no radiation
effect. Figure 1 shows representative photographs of the
neointimal proliferation found on gross inspection in the
conirol and three treatment groups. Progressively more
neointima and greater stenosis are seen in this series of
pholographs as radiation dose increases. Figure 2 shows
caronary ariery ph graphs that are repre-
sentative of irradiated animals.

Histopathologic examination. Microscopic examination
revealed proliferative neointimal responscs and lumen sten-
oses of varying magnitude in all groups. The characteristics
of this neointima have been previously described (7). In
Group 1i1 (300 <Gy} there werc a few giant cells, a finding
associated with irradiated tissuc in humans. In this highest
radiation dose group, med:al edema was routinely observed.
There was to severe myocardial and adventitial
fibrosis in all three radiation groups (Fig. 3). N fibrosis was
noted in anv control pig. The areas of fibresis were the
hypo:ellular and patchy areas typically seen afler radiation,

For e third madel. slopes were compared ing that
the intercept was the same, The regression equation for this
model was

Thickness = . % Injury + (g % Gl + as % GI1 + ay % Gl
% lajury + Constant. 3]

Inall three of these equations, the Tespective g, a,, and 8,
were coefficients estimated by the multiple regression, and

1y, of coranary arteries that were not
injured by the cail but were within the radiation field showed
essentially no rgaction te the radiation, and appeared en-
tirely normat {Fig. 4).

Table 3 lists the mean arterial injury scores and percem
area stenosis for ench vessel in each group. Table 4 shows
the results of the linear regression modeling performed for
each group separately. For the 8)-cGy group (Group 11I}, a
meaningful regression line coulkd not be generated because
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Figure 1. Photographs of representative
coronary artery segments at 28 days
after injury in the control group (A) and
the three groups treatad with Y-imadia-
tion: Gromp © (400 <Gy at 1 day) (B).
Graup (L (400 cUy at | day and 409 cGy
at4-days) (C) and Group [I1 (8¢0cGy on
day 1) D). Wires from the injuring coils
are shown, The degree of cellukar pro-
Liferation mcreases in the groups receiv-
ing higher duses of radiation.

there were no Jow level imjurics. In Figure 5, which shows
the data graphicatly, it is evident that the regresston lines For
the Ireated groups are higher than the conicoi lines with
roughly equivalent slope but differing intercepts. Overall.
these resuits are similar to those of prior stiidies i which the
degree of neointimal proliferation was proportional to vessel
injury.

‘Table 5 shows the results of the thkree linear regression
modefs. Thesc results confirm those of Table 4. In model 1.
the intercepts are significantly different for the treated
groups. In model 2, the slopes cannot be proved different in
treated versus controt groups. In modet 3, the results show
that if the intercepts are conslrained to be equal. the slopes
are significantly diffcrent. These results parallel the results of
model 1.

Morphologic results in pigs experiencing sudden death.
Sudden dealh occurred in four pigs, all in radiation-treated
groups, Histopathologic ¢xamination of the coronary arter-
ics in these animals showed severe stenosis consisting of
organized neointima, but also with fresh thrombus at thuse
injury sites.

Discussion

The restenosis problem remains a major limitztion of
percutaneous interventions for coronary ariery disease. De-
spite wharmacalogic and device-oriented research aimed at
reducing neointims| hyperplasia after caronary artery injury.
there has been litile progress. Smaoth muscle cell prolifera-
tion is thought to play a major role in ihe genesis of
obstructive restenotic [esions. The utility of X-irradiation for
the t of both mali and li prolifer-
ative conditions is well esiablished. The hypothesis of this
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study was that radiation would inhikit replication of smooth
muscle cells forming the ohstructive neointima so that the
overall acute effect would be a reduction of proliferative
neointima.

External radiation and proliferation after acute acferial
injury. All hree imadiated groups i this study showed a
statistically significant increase in the neointimal thickness
formed as a zesvil of coronary arcry injury. The mecha-
nisms responsible for this finding are unclear, although
endolhelial cells are more «~diation sensitive than are medial
smooth muscle cells, Thus, radiation may have enhanced the
endothenal damage done by the wire coil alone. Alterna-
tively. it may have prolonged the time required for endothe-
tialization of the injury site, thereby causing either a more
prolonged exp: of subinti ! 1o flowing blood
or, possibly, a larger area of damaged endothelium (10~12).
Permeability of the internal elastic famina has been shown to
result from radiation damage (13), as has arterial spasm (14).
both of which might also have contributed to the observed
proliferative respense.

The results from the 8300-cGy group (Group I} were
anomalons. In this group of pigs, measured injury scores
were substantially higher than in all other groups. There
were no mean injury scores <2.3. It is distinctly unusual for
this mode! to have such a lack of overall variation in injury,
because the amount of injury is gencrally difficult to stan-
dargize. The lack of lower mean injury scores might have
been a coincidence or. aliernatively. an indication that
higher dos:s of radiation mighi enhance the mecharicat
camage dong by the wire coifs. The prevalence of higher
injury scores prevented development of a meaningful regres-
sion model]. Additional studies using this higher acute radi-
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of ph phs showing

are substantially different from those in atheromatous coro-

radiated coronary arferies, Severe stenoses and mechanical injury
resulling from the coils are evident. A, Cantrol group, no itradiation;
B, Group [, 400 cGy on day 1: C, Group 11, 400 cGy at 1 day and
400 cGy at 4 days; D, Group [I[, 800 <Gy at 1 day. All panels,
hematoxylin-eosin stain % 10, reduced by 17%.

ation dose will bz required to clarify whether this finding was
coincidental.

Results from previous studies. Only limited data are avail-
able on the effects of X-irradiation on arterial structure and
function. Normal, uninjured coronary arierics are resistant
to radiation in small and moderate doses (15). Howsver,
radiation-induced coronary artery disease from larger doses
of radiation given for aoficoronary nzoplasia is well docu-
mented. The first report in (967 (16) described o fatal
myocardial infarction in a 15-year old boy who received
40 Gy for Hodgkin's dis¢ase. The association between
arterial stenosis and irradiation for both wmscular coronary
arteries and |arger elastic vessels has becn known for =30
years (17-21). Patients who received large doscs of radiation
are reported o have unusable inlernal mammary arteries if
coronary arlery bypass grafting is contemplated $22).

Human coronary arery lesions resulting from radiation

nary discase (23,24). They typically exhibit dense fibrotic
reactions, and generally affect vessels in the more proximal
portions (25,26). The human coronary lesicns present lale,
typically 6 to 12 years afier radiation exposure (27-30).

There are no studies of irradiated coronary arterigs with
fresh mechanical injury as performed here. Short-term ani-
mal studies using noncoronary vessels have shown the
induction of a proliferative response. One swdy using hy-
percholesterolemic rabbits with iliac artery lcsions showed
strong synergism between lipids and yadiation for inducing
atheromatous-like [esions (31). Others (32) have found sim-
ilar potemtiation of radiation injury by hyperlipidemia

Implications. The resulls of the curremt study indicate
that X-ray therapy, administered at the doses and limes
piven. is unlikely to be a viable sirategy for preventing
restenosis. They clearly supgest that this treatment may
exacerbate the restenosis problem. Mcchanical injury to
coronary arteries appears 1o be exacerbated by subsequent
irradiation. This hypothesis may be corroborated by the
observation that injury scores in the 8%0-cGy group tended
to be higher than those of the control and other treatment
groups.

These resulls extend those of prior animal studies in that
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Figure 3, Paichy areas of myocardial fibrosis were found in the
irsadiated groups. A region of extensive myocardial fibrosis is
shiown in a pig that received 800 ¢Gy of X-irradiation at | day after
injury. A small area of resklual myncardial cells is noted. Hematoa-
ylinosin stain %S0, reduced by 355,

compuratively lnw dase radiation is able to cavse a measur-
able increase in postinjury cellular proliferation. To the
extent thal this model is applicable to humans, it sugpests
caution when radiation therapy is given o patients with
recent cororary angioplasty if the site of arterial injury is
within the radiation field. The results of this study suggesi
that it would probably be prudemt 1o avoid radiation therapy
to an area encompassing arterial injury in Ihe immediate
period after coronary angioplasty.

Limitations of the study. The model. The issue of how
well this model reflects the human restenosis problem is
quite important, as is true for all animal madels of human

Flgure 4. Crass section of & curonary ariery that was within the
radiation field but not in a segment injured by Ihe coils. This pig
received X-imradiation at a dose of 300 Gy, The artery is cssentially
normal in appearance. Hematoxylin-gosin stain = 1§, reduced by
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Table 3. Injury. Meointimai Thickness and Percent Sienosis

Mean Injury M=an Neointimal “
Pig No. Scare Thickrtess Stenosis
Lanlok goup
1 0.3 nas 5
4 3 108 #
3 2 0.53% n
4 5 0.57 55
5 13 055 62
& (K3 0.61 83
? 24 0T 43
L 3 0.87 k]
Mean 2 066 58
Sp 0.7 2.3 0
Gromp 1300 ¢Gy)™
1 1 o4 8
1 28 076 €B
k) 18 D.66 n
4 22 09 7%
3 23 105 %
L3 A 116 5%
7 1 X3} 032 &
¥ 1 0.58 *
Mean L9 0.79 67
5D a7 [ x2) 3k
Group I 400400 £Gyl™
1 1 0.42 55
2 18 0.96 0
3 14 LB %
1 b 0.0 9
3 3 119 97
6 15 083 3
7 i3 0.85 ®
8 29 13 N
9 25 112
Mean 22 850 81 =
SD ot o 1
Group 113 1300 <Gy)t
1 27 115 Eu
2 24 L1s L
3 3 1.02 22
4 ) 115 9%
5 1 0.5 %
L3 28 073 n
7 23 088 9
3 26 0.8 5
Mean X1 (2] 91
hit) 0.2 0.7 ?

=Nl including (wo pigs it died suddenly. tNok including nne pig thal
died suddenly. *Not incl+ding one pig that dicd suddenly.

pathologic processes. In this model, the coronary arteries
are used hecause they are muscrlar vessels, as in humans.
Other animal models use carotid or iliac arteries, which are
elastie in nature. When comparing the resuits of this model
with the human response, the inciting event is identical—
severe mechanical vascular injury. In both cases, this injury
is followed by an aggressive neointimal respanse frequently
associated with lumen ise. The hi hologi




itz SCHWARTZET Al

CORONARY ARTERY INJURY AND [RRADIATION

Table 4. [ndividual Lincar Regreszion Results: Mean Neointimal
Thickness Versis Mean Arterint Injury Score*

Slope  p Value Intercept  p Value ¢ Value
Control group 021 00 025 NS 0.73
Group I (400 cGy) 026 a4 0.30 NS§ 07
Group [ (400400 cGy;  0.25  0.005 0.37 0.3 n.a

*For Growp {ll. there were ro low level injuries: thus a meaninglul
regression line cosld mot be Gerived.

features of the neointima are identical 10 those of human
restenotic neointima. Thus, both macroscopic features of
this model (luminally abstructing neointima) and the micro-
scopic appearance seem to mimic those of humars quile
well. The limitations of this medel remain unknown, a5 is
true with all ather animal models. Specifically, the lime
course of cellular events fiom arterial injury Lo obstructive
lesion is unknown in humans because sufficient human
pathalogic specimens are not available for study during key
stages of development.

Radiation dose and timing. The timing and doses of
radintion given in this study represcnted a “'best guess”
estimate because there were no previous daia 1o guide these
vaiiables. It is possible that lower doses would have been
efficacions in reducing the cellular proliferation. Prior stud-
ies Suggest that higher doses might have caused un increase
in the profiferative response. Because radiation clearly

r
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Table 5, Livear Regression Resuis

Valie

Vartable SE p Valye
Maodel 11
Constant 0.19 (A N§
” 0.24 0.05 0.00§
a 015 0,08 N§
a 021 0.8 0.01§
[ 918 008 0,045
Mudel 2+
Constint 217 0.18 NS
L 0.26 0.08 0.008%
e 0 0.25 NS
@ 0,20 0.26 NS
my 180 ne9 NS
) 001 [IE] NS
#® 002 [BE NS
.3 -0.38 627 NS
Model 3z
Constant .30 a.0s 0.007%
'] 0.19 a1 0.002%
@ 0.07 0.04 NS
s 0.00 0.04 0.02§
o .07 0.04 0.04§

*Thickness = g x Injury + & X Gl - &y % GIl + o, % GI1i + Constant.
=Thickness = g ¥ Injory + a, % GI + g3 % Gl % e % GUI + (8, % GI -
Bz % Gl ¢ fy % GUI) = Injury + Constant. $Thickness = g x Jmjury + (o
% GI 4 oo X GIL+ e, X GI[I % Injury + Canstaat. §S(asistically significant.

F — = 2 -
2 % Treated z * Trestad I
% & Gontro! ; & Control
g 18 ] |.5r-
2 z |
H i i
-} yr26x+.30 o y=.25% .37
z =78 — 4 e84 x
= I =
2 3
l‘g 0.8 3 5
= Yr2ix ¢ 25 '3" yo2ix + .25
3 73 3 73
~ e - . s .= pl— e ' - a : '
a 95 18 2 25 3 ac [} 23 1 5 2 25 2 38
A Mean Injury Score B Mean Injury Score
Figure 5. A, Scatterplot of neointinal thickness versus mean injury
seore in contro! versus Group 1 pigs (400 eGy at | day) and respective
z ¢ . repression lines. Mean neointimal thickness in mm is the dependent
E * Treated variable. plolledhas afuncﬁ!ion lilf ‘mean arterial injury scﬁre. Pigsin lh:;
. Canlvol treated groups had significamtly morc neointimal thickness than di
E 15 — control animals. The siopes of The ragression lines are not sigeificantly
5 different, but the y i differ significantly. The line
E . v expressions and Pearsan correlation coefficients are showa for each
2 A « group. B, Neointimal thickness versus mean injury score in control
4 versus Group [I pigs (400 cGy at 1 day and 400 cGy at 4 days after
g coronary injury). The difference in intercepts ia again statistically
3 significant, while that of the slope is not. C, Mean neointimal
g os thickness versus mean injury score is plotied for Group 111 pigs
g yn2ix +.26 (800 ¢Gy at 1 day after corgnary artery injury). There were not enough
5 rurg dalz points with fow valugs of injury score (0 make a meaningful linear
~ . ) ion model. The lack of low injury values may be a coincidence
o 06 sz 5 3 35 Or an indication that the higher duse of rediation exacerbated the
] Mean Injury Scare mechanical injury from the metal coil,
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inhibits cellular proliferation, il is pussible that alternative
doses or timing, oF both, might have vielded better results.

Conclusions. Empirically based clinical trials aimed at
reducing or eliminating restenosis after coromary interven-
tion have largely falled. Few of thesc trials have been
performed first in animal modzls 10 test iheir potential
efficacy, This trizl was performed in a proliferative coronary
artery model in the pig. The results suggest that a wrial in
humans using comparable doses and times after coronary
artery infervention would not be prudent withuul further
study.
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