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Summary

Background: Therapeutic angiogenesis, if combined with
primary percutaneous tranduminal coronary angioplasty or
gent placement, couldimprovethe outcomeof patients suffer-
ing from multifocal coronary disease.

Hypothes's: Because of the concern that angiogenic growth
factorsmight promoterestenosis, we studied theeffect of asin-
gle intracoronary administration of recombinant fibroblast
growth factor (rFGF)-2 on restenosi s after balloon angioplasty
and stent placement inapig mode of coronary atherosclerosis.

Methods: In 24 Yucatan minipigs, coronary lesionswerein-
duced by arteria injury and 3 months of atherogenic diet.
After 3 months, repeat catheterization was performed with
balloon dilation or stent placement at theinjured Sites, witha
follow-up of 6 weeks. Resultswere monitored using quantita:
tive angiography, intravascular ultrasound (1VUS), and histo-
morphometry.

Results: Intracoronary rFGF-2 2 ug/kg did not affect neoin-
timaformation or remoddling inthismodel. A small but Sig-
nificant aggravetion of latelumenlosswasobservedin theref-
erence segments of the rFGF-2-treated group. Angiographic
and echographiclatelumenloss, intima hyperplasia, and arte-
rial remodeling, aswell ashistologic necintimawereall smi-
lar in the rFGF-2- and the vehicle-treated group. Confirming
earlier sgudiesfrom our group and those of others, stented ar-
teries compared with balloon-dilated arteries had increased
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angiographiclatelumenloss, atrend toward increased intimal
hyperplasiaand decreased remodeling.

Conclusion: We conclude that rFGF-2 does not aggravate
restenosisafter balloon dilation or stenting inthispig model of
coronary atherosclerosis. Future combinations of angioplasty
and therapeutic angiogenesisinasingle session should be pur-
sued asafeasibleand sefe strategy.

Key words. angiogenesis, pig, baloon angioplasty, stent,
restenos's, growth factors, coronary disease

Introduction

Therapeutic angiogenesishasgained cons derableattention
as an alternative strategy for revascularizing ischemic my-
ocardium that isnot amenableto catheter-based revascul ariza:
tion or coronary artery bypassgrafting (CABG).1 4 Recently,
thergpeutic angiogenesis with vascular endothelia growth
factor (VEGF) or basic fibroblast growth factor (FGF-2) has
entered clinica trids as an adjunctive therapy to CABG.>
Likewise, patientswho aretreated with stent placement or per-
cutaneoustranduminal coronary angioplasty (PTCA), might
benefit from adjunct angiogenic growth factor treatment to
target ischemic areas not covered by the intervention. How-
ever, since FGF-2 isanonsd ective mitogen, stimulates prolif-
eration of smooth muscle cells,g and was associated with inti-
mal hyperplasia,® FGF-2 might enhance restenosis. Studiesin
nonatheroscleratic rat, rabhbit, or canine anima modelsonthe
effects of recombinant fibroblast growth factor (rFGF-2) on
intimal hyperplasiaafter balloon angioplasty are contradicto-
ry10-12 and might have limited relevance to the response of a
coronary artery with an advanced atherosclerotic lesion to
stents. Therefore, we decided to study the healing response of
coronary arteries after PTCA and stent placement with ad-
junctive trestment of rFGF-2 in an established pig model of
atherosclerogis 1315

Methods
Yucatan M odd of Atherosclerosis

All animals underwent three procedures: initid injury, an
intervention and treatment session, and thefinal study.
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Fogarty injury
\/ 13 weeks
\/
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24 arteries (n): 24 arteries (n):
Control (6) Control (5)
PTCA (10) PTCA (10)
Stent (8) Stent (9)

4 weeks

\

Sacrifice

Fic.1 Layout of the study. PTCA = percutaneous tranduminal
coronary angioplasty, FGF-2 = fibroblast growth factor-2.

Theanima swere preanesthetized with ketamine 10 mg/kg,
intubated, and ventilated with room air and isoflurane 2—3%.
Peri- and postoperative trestment consisted of bretylium tosy-
late4 mg/kgintravenoudy (IV), IV heparinto maintain an ac-
tivated clotting time >300 s, a single intramuscular dose of
0.02 mg/kg buprenorphine, and cefazolin 0.5 gm 1V. Anti-
platelet therapy started 1 day before intervention with acetyl-
sdlicylic acid (325 mg, 2 days) and ticlopidine hydrochloride
(250 mg, b.i.d., 14 days). A #8 Fr sheath (Cordis, Miami, Fla,,
USA) was advanced through afemoral cutdown, which was
repaired for second useduring theintervention. All animasre-
ceived humane carein compliance with the Ingtitutional Ani-
mal Careand Use Committee a Beth |sragl Deaconess Med-
ical Center and the Guidefor the Careand Use of Laboratory
Animals published by the U.S. Nationd Institutes of Health
(NIH Publication No. 85-23, revised 1996).

Male Yucatan minipigs (10-15kg) received an atherogenic
diet (Purinaminipig starter diet with 1.5% cholesterol and 6%
peanut oil) that was continued until fina study. Twoweekslat-
er, coronary angiogramswere made and theleft coronary cir-
cumflex (LCx) and theright coronary artery (RCA) werein-
jured with a standard angioplasty balloon (Guidant, Santa
Clarg, Cdif., USA), at 8amwith adilationratio of 1.2.

Thirteen weeks later, animals received intervention and
treatment randomi zed for artery and animal, respectively, pri-
or to basdline studies. Basdline sdl ective quantitative coronary
angiography (QCA) and intravascular ultrasound (1VUS) of
the LCx and RCA weremade. Stent placement or PTCA was
performed at the site of maximum angiographic stenosis or
maximal plagueload on IVUS. After intervention, QCA and
IVUSwererepeated.

At the final study 6 weeks after intervention, QCA and
IVUS of theLCx and RCA were repested, the animalseutha
nized, and the heartsexcised.

Study Design and Drug Administration (Fig. 1)

The RCA and LCx were randomly assigned to PTCA or
stenting, and in each group four arterieswere assigned to “no

intervention.” Following intervention, 12 animals were in-
fused (10 min per artery, #2.5 Fr coronary infusion catheter,
ACS, Temecula, Cdlif., USA) with bovine recombinant fi-
broblast growth factor (rFGF-2, Chiron Corporation, Emery-
ville, Cdlif., USA) at atotal doseof 2 ug/kg, equally distribut-
ed over the two treated arteries. Twelve animals received
vehicle. TherFGF-2 vehicle consisted of 10 mM sodium cit-
rate, 10 mM thioglycerol, 135 mM sodium chloride, and 100
mM EDTA, pH 5.0.

Balloon Angioplasty and Stent Placement

A #8 Fr guiding catheter (Cordis) was placed in the left or
right coronary ostium. For PTCA, astandard angioplasty bal-
loon, 3-4.5 mmwide, 20 mmlong, (Guidant) wasintroduced
over a0.014" guidewire to the selected site of angioplasty.
Three 1 mininflationswere performed at anominal pressure
to adilation ratio of 1.2 according to the manufacturerstable
and artery diameter onIVUS,

Palmaz-Schatz biliary stents (59 mm wide, 15 mm,
Johnson and Johnson, Warren, N.J., USA) werecrimped ona
angioplasty balloon. After placement over a0.014" guidewire,
thestent wasdeployed by al10sinflationat 4 am. If necessary
for adilation ratio of 1.2 or optima apposition of the stent,
postdilatation was performed.

Coronary Angiography

Coronary angiograms were made at initid injury, before
and after intervention, and at follow-up (FU). Before angiog-
raphy, 2 ml of a125 pg/ml nitroglycerin and 2.5 mg/ml pa-
paverine cocktail (NP cocktail) was injected intracoronary.
Side brancheswere used to localize the site of injury and in-
tervention during follow-up angiography and intervention.
CineQCA (Model LU, GE Medical, Milwaukee, Wis., USA)
was performed in standard right and | eft anterior oblique pro-
jections (contrast: Renografin, Squibb, Princeton, N.J., USA)
using a#7-FR JR4 diagnostic angiography catheter (Cordis).
The cine films were analyzed off-line, using 4X magnified
end-diastolic framesand digital calipers. Thetip of the guid-
ing catheter wasused for cdibration.

Thestewith minimum lumen diameter (MLD) prior tothe
intervention (PRE) was used for calculation of acutegain, late
lumen loss, angiographic stenosis, and dilation ratio. Theref-
erencelumen diameter (RLD) wascal cul ated asthe average of
proximal and distal reference. Angiographic acute gain was
defined as post minus preintervention MLD (MLDpost—
MLDpre), and late lumen loss was defined as MLDpost—
MLDry or MLDpre—MLDgy for “nointervention” arteries.
Angiographic stenosis was calculated as (1-MLD/RLD) X
100. Dilation ratio = balloon diameter on fluoroscopy/RLD.

Coronary Intravascular Ultrasound
For IVUS, we used a#2.9 F Microrail 30 MHz coronary

imaging catheter (CVIS Inc., Sunnyvale, Cdlif., USA). The
NP cocktail wasinjectedinto each artery. The catheter wasad-
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vanced over a0.014" guidewire, withthetip distal fromthele-
sion/intervention siteand manually withdrawn whileimaging.
At MLD, two peripheral sites of thelesion, and at the distal
and proximal reference, the catheter washeld for still images.
Off-line video-tape analysis and quantification of aproximal
and adistal reference and three evenly distributed cross sec-
tions at the level of intervention were performed using soft-
wareavailableintheCVISconsole. Lumenarea(LA), media
bounded area (MBA), and stent area (SA) were manually
traced. Precise sites of measurementswerelocalized by fluo-
roscopy of thel VUS catheter tipwith referenceto sdebranch-
es. Prior to stent placement or PTCA, LA and MBA wereused
to calculate area stenosis (100 X LAmLo/MBAMLD), LA
stenosis (100 X { 1-LAmLp/LARrer}), and plague area (PA =
MBA — LA). Theimmediate gain of IVUS was defined as
LApost —LApre and latelossas LApost — LARy (mmz) or
LApre — LAy for “nointervention” arteries. Intimagainwas
calculated from MBA or SA and LA at follow-up and at in-
tervention, assuming constant plaque load and within-stent
growth of neointima: for PTCA, intima gain = (MBA —
LA)ru — PA andfor stent, intimaareagain=(SA — LA).

TissueAnalyss

After excision, heartswere pressure perfused with parafor-
maldehyde 4% for 2 h. Arterial ssgmentswere dissected and
stored overnight in 20% sucrose at 4°C. Fivemmtissueblocks
were embedded in OCT, frozen, and stored at —80°C. Serid
sections (5 um) were made with hematoxylinand eosin (H& E)
and dadtin van Gieson stains. Stent strutswere microscopical-
ly removed. Photomicrographs were digitally acquired (Spot
camera, Diagnogtic Instruments, Sterling Heights, Mich.,
USA) and stored. Morphometric measurements (Bioscan

TaBLE |  Angiographic parameters

Optimas 6.0, Edwards, Wash., USA) were performed by man-
ually tracing perimeters of lumen, intima, preexistent plaque
(ingents), media, and adventitia

DataAnalysisand Statistical Analysis

All measurementsand dataanayseswere performed by ob-
sarvershlinded to trestment. Dataintext, tables, and chartsare
means(standard error of themean. “No intervention” arteries
weretoo few toincorporateinto the satistical anaysis. And-
ysisof variance (ANOVA) was used to study theinfluence of
treatment and intervention. Bonferroni correction on post hoc
testswas used to eva uate differences between groups. Since
lateloss (angiographic or echographic) usualy correlateswith
immediate gain,16 wetested regression modelswith immedi-
ate gain, intervention, and treatment as independent and late
lossasdependent variables.

Results
Hemodynamics

Intracoronary rFGF-2 infusion a 2 pg/kg did not affect
heart rate or blood pressure. Mean arterid blood pressure
(MAP) was81 + 5 mmHg beforeand 82+ 5 mmHg 20 min af -
ter start of FGF-2 infusion. Inthevehiclegroup, MAPwas 73
+ 4 mmHg before and during theinfusion. Heart ratewas a so
congtant during infusion.

Angiography

In five animals (vehicle/stent; two, vehicle/control: two,
FGF-2/control: one), the angiographic datawere not available.
Thesizeof thearteries(RLD beforeintervention, Tablel) was

Intervention Nointervention PTCA Stent

Treatment Vehicle rFGF-2 Vehicle rFGF-2 Vehicle rFGF-2

N 4 4 9 10 6 9
PreRLD (mm) 2.80+0.15 2.91+0.08 275+0.11 262+0.14 2.67+0.07 244+0.15
Pre-MLD (mm) 240+0.17 2.78+0.17 257+0.11 249+0.13 2.58+0.10 2.25+0.09
Pre-diam stenosis (%) 9.6+3.6 46+57 57+19 42+31 31+14 76+35
Dilationratio NA NA 1.16+0.06 1.22+0.13 1.23+0.01 1.19+0.06
Post-RLD (mm) NA NA 254+0.13 2.65+0.12 2.28+0.24 248+0.27
Post-MLD (mm) NA NA 2.81+0.06 259+0.11 278+0.11 252+0.20
Post-diam stenosis (%) NA NA —-10.1+0.7 23+05 —4.1+06 -21+11
FU-RLD (mm) 2.79+0.39 2.99+0.23 277+0.07 2.39+0.10 225+0.21 227+0.25
FU-MLD (mm) 2.61+0.36 2.68+0.23 257+0.12 2.26+0.13 1.76+0.20 154+024
FU-diam stenosis (%) 94+47 104+6.0 82+29 57+37 202+74 33.0+15.2
Ref lateloss(mm) NA NA —-0.22+0.15 0.26+0.082 0.03+0.2 0.21+0.112
Immediate gain (mm) NA NA 0.25+0.08 0.08+0.11 0.19+0.05 0.26+0.09
Lateloss(mm) 0.09+0.09 —-0.04+£0.04 0.25+0.14 0.33+0.10 1.02+0.11° 0.98+0.11°
ap=0.033 for treatment effect (ANOVA).

bp<0.001 (ANOVA).

For al unmarked data, p>0.2.
Abbreviations: PTCA = percutaneoustranduminal coronary angioplasty, NA = not gpplicable, RLD = referencelumen diameter, MLD = mini-
mum lumen diameter, FU =follow up, rFGF-2 = recombinant fibroblast growth factor-2, N = number of arteries.
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not different between the treatment groups (ANOVA, p =
0.364). Stenoses were also comparable (p = 0.672). A smdll
angiographic latelossin thereference segments of treated ar-
teriesdueto transient vasospasm was maximaly 0.03mmin
the vehicle group and 0.21 to 0.26 mm in the FGF-2 group
(Tablel, ANOVA, p = 0.033 for treatment effect, not signifi-
cant for intervention effect).

Dilation ratio and immediate gain determine the extent of
arterial wal injury and thustheresultant lateloss. Dilationra-
tioswerevery smilar inthetreatment andintervention groups
(Tablel, p=0.847 and p = 0.789, respectively). Immediate
gainwasaso not different for either intervention (p=0.593) or
trestment (p=0.521). Angiographiclatelosswashigher inthe
stent than in the PTCA groups (Tablel, Fig. 2, p<0.001) but
similar inthevehicleor FGF-2 groups(p=0.869). Inaregres-
sion model with immediate gain, intervention and treatment
effectsonlaeloss, immediategain, and interventionweresig-
nificant determinants of |ate loss (beta coefficients 0.55, p =
0.05and 0.67, p<0.001, respectively) and thetreatment effect
wasnot (beta: 0.07, p=0.63). Power cd culation reved ed that
the study had a80% power to detect adifferenceinlatelossof
0.4 mm between treatment groups.

Intravascular Ultrasound

Forty-three arterial segments had complete serial scans
(Fig. 3). Arteriesinthevehicle/PTCA groupweredightly big-
ger than in other groups (Table 11, ANOVA: p = 0.046), but
areastenosisand lumen stenosisweresimilar.

Immediategainwasdightly but not significantly higher af-
ter stenting than after PTCA, and similar for the vehicle and
FGF-2 groups (Tablell, Fig. 4, ANOVA, p=0.108 for inter-

1.2+ T
1.01
0.8
0.6

0.4 1
0.2

Change in diameter (mm)

0.0 Acut Late Acute Late
gain loss gain loss
PTCA Stent

Fic.2 Angiographic resultsof PTCA and stented arteriesfromthe
vehicle group (black bars) and the rFGF-2 group (hatched bars).
* p<0.001. AbbreviationasinFig. 1.

ventionand p=0.956 for treatment effect). No treatment effect
was seen on lateloss (p = 0.585), intima.gain (p = 0.717), or
MBA loss(p = 0.765). Regression of echographicimmediate
gain and trestment on echographic late loss again showed a
significant relationwithimmediategain (beta: 0.87, p<0.001),
but not with treatment (beta: 0.34, p=0.579). Stent placement
resulted in Significantly lessMBA loss (Fig. 4, p=0.05) than
PTCA, but showed atrend toward increased intimagain (p =
0.108). Consequently, late losswas similar in the stented and
PTCA-treated arteries (p = 0.744). Late lossin the reference
segmentswassimilar inthevehicleand FGF-treated animas
and wasattributed for 60-75% and 100% to necintimaforma:
tionin PTCA and stent-treated arteries, respectively.

98- Fid

] '
Jisanl, 10 ime

Fic.3 Intravascular ultrasound (IVUS) crosssectionsfrom coronary arteriestrested by PTCA (A, B) or stent placement (C, D), and with vehi-
cle- (A, C) or rFGF-2- (B, D) treated coronary artery immediately after (Ieft panels, post) intervention and at follow-up (right panels, follow-up
[FU]) 6 weekslater. Lumen and media-bounded areas were manually traced and their measures displayed (A1 and A2, respectively) inthein-
sets. AbbreviationasinFig. 1.



M. J. Post et al.: Intracoronary FGF-2 and restenosis 275

TaBLE Il Intravascular ultrasound parameters

Intervention Nointervention PTCA Stent

Treatment Vehicle rFGF-2 Vehicle rFGF-2 Vehicle rFGF-2
N 4 4 9 10 7 9
Preref area(mm?) 5.93+1.20 6.45+0.70 8.83+0.592 6.98+0.60 6.94+0.23 6.70+0.58
PreMLA (mm?) 543+1.19 6.39+0.86 8.06+0.53 6.92+0.74 5.97+0.46 5.87+0.43
PreLA-stenosis (%) 8.6+6.5 04+7.0 80+£37 14+49 139+6.0 11.2+45
Preareastenosis(%) 14.2+59 15.7+6.3 132+4.3 93+4.1 228+75 15.7+45
Post ref area(mm?) NA NA 8.42+0.93 7.09+0.58 7.45+1.09 7.94+0.90
Post MLA (mm?) NA NA 8.88+0.78 7.25+0.77 7.18+0.51 7.64+0.88
Post LA stenosis (%) NA NA —-114+101 —-35+71 15+10.8 16+82
FU ref area(mm?) 6.88+1.24 4.89+0.27 7.47+051 5.40+0.56 6.26+0.77 6.84+0.50
FUMLA (mm?) 6.47+1.04 5.30+0.40 6.01+0.53 464+0.37 475+£0.79 407+0.73
FU LA stenosis (%) 39+44 —-8.2+54 19.0+4.7 7.0+£9.2 20.0+24.0 423+73
Ref lateloss(mm?) 0.93+0.52 169+0.55 1.19+0.83 110+0.71
Ref MBA loss(mm?) 0.70+0.35 104+045 103+0.28 1.28+0.28
Immediate gain (mm?) NA NA 0.82+0.44 0.34+0.38 1.22+0.46 1.77+£0.76
Laeloss(mm?) NA NA 2.87+0.85 261+0.74 243+0.76 357+0.70
Intimaareagain (mm?) NA NA 147+0.55 0.98+0.42 219+0.77 3.19+0.73
MBA loss(mm?) NA NA 141+0.38 163+0.89 0.24+0.25P 0.38+0.21b

ap=0.046 vehicleversusrFGF-2.
bp=0.02 stent versusPTCA.
For al unmarked data, p>0.2.

Abbreviations: Ref =reference, MLA =minimum lumenarea, LA =lumenarea, FU =follow up, MBA =mediabounded area, N = number of ar-

teries, NA = not applicable.

Histology

Histomorphometric analysis of harvested arteries con-
firmed IVUSfindings (Tablelll, Fig. 5). Treatment or inter-
vention had no effect on morphometric parameters; however,
in the rFGF-2-treated group, media area showed atrend to-
ward reduction (p = 0.06, ANOVA). Ultrasound and histo-
morphometric parameters at follow-up, such aslumen area

Late loss Intima gain MBA loss

Change in area (mm?)

PTCA Stent

PTCA Stent

PTCA Stent

Fic.4 Intravascular ultrasound results of immediate gain and late
lossinthe PTCA and stented arteries from the vehicle group (black
bars) and the rFGF-2 group (hatched bars). The data correspond
withthosein TableV.* p=0.05. MBA = media-bounded ares; other
abbreviationsasinFig. 3.

(Pearson, r = 0.636, p < 0.001) and intima area (r = 0.580,
p<0.001), correlated fairly well.

Discussion
Clinical Background

In numerous preclinical experiments with either
VEGFi651117.18 or with FGF-1,19 20 FGF-2,2L 2 or FGF-5,2
blood flow to ischemic myocardium could be enhanced by
angiogenesis, which resulted in improved myocardia func-
tion in some studies.1- 20. 23 Surprisingly, thisfunctiona an-
giogenesiswastriggered and sustained by asingle adminis-

TasLE Il Morphometric results of recombinant fibroblast growth
factor (rFGF-2) trestment and intervention

Vehicle rFGF-2
PTCA PTCA

N 9 6 10 9
Adventitia(mm?) 317+0.39 1.81+0.23 264+049 2.09+0.21

Treatment Stent Stent

Media(mm?) 161+024 1.31+022 1.09+0.15 1.01+0.15
Inima(mm?)  1.75+065 1.96+051 2.01+047 319+059
Lumen(mm?)  4.60+0.36 2.72+0.31 3.16+0.37 350+0.35

Abbreviationsasin Tablel.
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A)

(B)

Fic.5 Photomicrographsof stented arteriesfrom avehicle- (A) and rFGF-2- (B) treated animal stained with eastin van Gieson. The arteries
arethesameasused for Figure2. A = adventitia, M = media, | =intima. Thearrowheadsindicate voids of stent struts. Bar = 750 um.

tration of FGF-2.24 During thelast 2 years, theclinical safety
of growth factor administration wasdemonstrated for FGF-1,
FGF-2, and VEFGiss either as adjunct to CABG with local
delivery or asstand-alone systemic therapy,> -2 dlowingthe
implementation of larger scale phase Il/phase 11 trials. Ina
phase| tria with singleintracoronary FGF-2 administration,
15pg/kg/artery (toatotal doseof 3 pg/kg) wasthelowest that
improved perfusion on single-photon emission computed to-
mography (SPECT).26

Inthisstudy, wefurther support the feasibility and safety of
suchadtrategy by showing that restencsisisnot enhanced by a
single intracoronary administration of 2 pg/kg FGF-2. This
was true both for PTCA and for in-stent restenosis in an
atherosclerotic environment. Thehigher neointimain the stent-
ed arteriestreated with FGF-2 was ttributed to adifferencein
acutegain, sincethetreatment effect wasnot significantinare-
gressonmodel that corrected for theinfluence of acutegain.

Animal M ode of Atherosclerosis

The study was performed in an established model of coro-
nary atherosclerosis, 13 4 which closaly mimicshuman pathol -
ogy and theresponseto arterid injury1315.27. 28 n spite of mild
disesse. A dilation ratio of 1.2 was used to avoid overdisten-
sion, which resulted in ahealing response comparableto that
after PTCA or genting in human atherosclerotic arteries. 8

Fibroblast Growth Factor-2and Arterial Healing

In gtented arteries, neointimaformationisthe primary cause
of restenosis. Since FGF-2 isamitogen for endothelial cells,
smooth muscle cells, and other mesenchymal cells, its effect
on neointima formation is not obvious. FGF-1 and FGF-2
may reduce neointimaformation by accelerating endothelial
regeneration.11-2%.30 FGF-1 reduced intimal hyperplasiaina
rat carotid artery mode!,2° but no inhibitory effect of FGF-2
onintimal hyperplasiahasbeen shown yet. Instead, inabal-
loon injury model in the rabbit, asingle injection of FGF-2
has lead to enhancement of intimal hyperplasal? Severa
strategiesaiming at inhibition of the FGF-2/FGF-R1 pathway
either through antibodies against FGF-2,31 an FGF-2-toxin

fusion protein,32 or antisense FGF-210 resulted in reduction of
neointima formation, also suggesting that the mitogenic &f-
fect of FGF-2 on smooth muscle cells might be dominant.
However, these studies have been performed primarily inthe
rat carotid artery intheabsence of preexistent intimaandwith
sustained delivery of FGF-1, FGF-2, or FGF-2inhibitors, and
the present study suggests that this effect may be of little
practical relevance.

Potential SdeEffectsof Fibroblast Growth Factor-2

A second potential side effect of FGF-2 in atherosclerotic
plagueisthe acceleration of plague angiogenesiswith the po-
tential of creating a vulnerable plague that may rupture and
hemorrhage, causing an acute coronary syndrome. Indeed,
hemorrhagesinthevicinity of newly formed vessdsof athero-
scleratic plaques have frequently been identified,33 and this
may be exaggerated by FGF-2-stimulated interstitia collage-
nase activity.3* We observed no plague ruptures or hemor-
rhagesinthismode of mild disease.

Fibroblast Growth Factor-2 and Geometric Remodeling

In this study, neointima formation accounted for 51 and
38% of lumen renarrowing in the vehicle and FGF-2 PTCA
group, respectively, and for virtudly al of therestenosisinthe
stent groups. Thisfinding is consistent with previous studies
using theiliac andfemord arteriesinthesamemodd 1335 The
complementing portion of lumen renarrowing is attributed to
remodeling, whichwasnot influenced by FGF-2.

Limitations

This study was performed in a small nhumber of animals.
Higher numbers of observationswere obtained by using both
branches of theleft coronary artery. Although Stetistical anal-
ysis accounted for more observations in one pig, the overall
power of andysiswasborderline (0.8 or higher). The FGF-2
was given asasingleintracoronary infusion and recent clin-
ical data (FGF Initiating Revascularization Tria [FIRST])
indicatethat thismode of delivery haslimited efficacy.36 Al-
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though double-blind randomized phase 11 trids of intracor-
onary FGF-2in patientswith CAD (FIRST) andintra-arterial
FGF-2 in patients with peripheral vascular disease (Thera-
peutic Angiogenesis with FGF-2 for Intermittent Claudica-
tion [TRAFFIC]) demonstrated significant symptomatic
relief and functional improvement in subgroups of FGF-2-
treated patients, this effect wastemporary. Thefina proof of
efficacy of thisapproach, however, must await pivotal phase
[1 trids. It remainsto be shown whether longer exposuresto
these growth factors are more efficacious and equaly safe
with respect to restenosisand atherogenesis.

Clinical Implications

Theseresultsimply that intracoronary FGF-2 may beused
asan adjunct to PTCA or stent placement with theintentionto
improve perfusion and function of ischemic areasthat are not
directly targeted by theintervention. In the absence of adverse
effects on restenosis, a larger group of patients will benefit
fromsuch astrategy.

Conclusions

We conclude that a single intracoronary administration of
rFGF-2 does not aggravate restenosi s after balloon angioplas-
ty or stent placement in arelevant model of coronary athero-
scleross. TherFGF-2 affects neither neointimaformation nor
remoddingtoaclinically significant extent. Thisopensposs-
bilitiesfor theimplementation of trialsinwhich angioplasty is
combined with rFGF-2 angiogenic therapy.
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