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Emerging Role of Endovascular Brachytherapy in Arterial Restenosis
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Abstract: Angioplasty and stenting are highly effective modalities for the treatment of occlusive arterial
disease yielding excellent immediate results. However, a restenosis rate of 20% to 40% remains a cause
for dissatisfaction. In an attempt to bring down the restenosis rate, radiation has been tried in different
ways using external as well as endovascular radiation. Various beta and gamma emitters such as'*? Ir,
32p, P and '*¥Re have been tried using different techniques such as remote afterloading HDR, manual
remote afterloading, radioactive stents and radioactive liquid Rhenium filled balloons. Results of historical
trials such as the WRIST trial (Washington Radiation for In-Stent Restenosis Trial), the SCRIPPS trial
(Scripps Coronary Radiation to Inhibit Proliferation Post Stenting), the BERT trial (beta emitter for
intracoronary brachytherapy) etc. have been discussed. Although various mechanisms such as recoil, neo
intimal proliferation and vascular contracture have been postulated to be involved in the process of
restenosis, a better understanding of the molecular biology of restenosis and definitions of the actual
targets, the timing of radiation, dose rate and fractionation etc. shall help us in achieving superior results.
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Introduction

The treatment of occlusive arterial disease (coronary or peripheral)
has undergone a slow evolution over past few decades. Various
treatment techniques such as atherectomy, lasers, angioplasty and
stent placements have been tried. Of these, angioplasties and
stents hae provided excellent immediate results but have been
accompanied with a high rate of restenosis (30-40%) within 6-12
months. The incidence of post angioplasty restenosis varies with
the anatomic site: 20% for aorto-iliac' and 40% for femoro-
popliteal angioplasty. Similarly, the mesenteric and renal arteries
have high restenosis rate.

Mechanism of Restenosis

The various mechanisms postulated to be involved in the process
of restenosis are: recoil, neo intimal proliferation and vascular
contracture?. The causes of acute closure include spasm with or
without thrombosis, dissection with complete closure and elastic
recoil. Most common mechanism of delayed post angioplasty
reconstruction is fibro cellular intimal hyperplasia (FIH). The
major constituent of this is the smooth muscle cell (SMC). Bromo
de oxy uridine labeling has shown that 10-20% of medial SMCs
begin to proliferate within 24-48 hrs of balloon angioplasty. These
SMCs then migrate to the intima at around 4 days, where some
undergo further cycles of cell proliferation. The ongoing synthesis
of connective tissue matrix and cellular hypertrophy causes
progressive intimal thickening for up to 8 weeks.

The endotheloid denudation caused by balloon angioplasty results
in loss of growth-inhibitory heparin-like glycosamine glycans?.
Similarly, the platelets that adhere to the area of injury release anti
heparin factors such as platelet factor 4 heparitinase. These
reverse the effects of heparin sulphates produced normally by the
smooth muscle cells. The heparin sulphates are believed to be
responsible for maintaining the smooth muscle cells in a non-
proliferating state*. This leads to actively proliferating SMCs that
secrete extra cellular matrix. The endotheloid injury also results

in platelet adhesion. After adhesion, the platelets release all the
contents of their alpha granules, including platelet derived growth
factor (PDGF), epidermal growth factor (EGF), transforming
growth factor-f (TGF-f) and platelet factor EGF and TGF-f3 exert
a synergistic effect on cellular proliferation. As a response to
vascular injury and inflammation, the aggregated lymphocytes may
play a role in intimal proliferation by release of their cytokines
such as tumor necrosis factor, interleukins and TGF-B°. It has
also been seen that within hours of balloon induced injury, there
is release of fibroblastic growth factor and angiotensin-II. These
activate the proto-oncogene that is responsible for the transduction
of mRNA in neo intimal and vascular smooth muscle cells.

Thus, a number of mechanisms collectively constitute the response
to injury. When healing occurs in a controlled manner, the vessel
wall is remodeled with an enlarged lumen. When the healing is
uncontrolled, the hyperplastic lesion of restenosis results.

Exploring the role of vascular radiation

External Radiation : Radiation is known to be effective in the
treatment of benign proliferative disorder such as keloids,
heterotropic bone formation, pterygium of eye, graves exopthalmos®
and gynecomastia. This concept has been extended to the
pathologic proliferative response after angioplasty. Various groups
carried out treatment with external rdiation to see the impact on
restenosis. Schwartz et al’ tested a dose of 4 and 8Gy to stented
pig coronary artery using Orthovoltage radiation and met with
poor results. This was attributed to the use of Orthovoltage
radiation, low dose of radiation and use of metallic stent. Styles
et al® used mega voltage x-rays (14Gy) immediately before, after
or 2 days after the balloon injury. They found reduced neo intimal
formation as compared with controls. They showed evidence of
focal myocardial necrosis. To reduce the incidence of toxicity
from even high doses sophisticated treatment techniques had to be
evolved. The advantage of treatment with external radiation are
that it can be done in a regular radiotherapy room, has the potential
for fractioning the treatment course and time the treatment in
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accordance with available information on growth kinetics of the
medial smooth muscle cells. It provides more uniform dose distribution
circumsferentially around the vessel wall, which is good especially if
the lumen wall is eccentric. Presently, external radiation with electrons

is advisable only for arterio-venous fistulas. The location of most
arteries precludes the use of external radiation owing to the high
integral dose and attendant toxicity.

Endovascular Radiation : Following extensive research work in
porcine & swine models, favorable results achieved in humans
have led to ongoing randomized clinical trials of endovascular
radiation for coronary and peripheral vessels using various types
of radioactive isotope (gamma & beta emitters) using various
techniques like catheters and stents. Wiedermann et al® noted neo
intimal suppression at 4 weeks afater angioplasty by delivering 20
Gy at a radial depth of 1.5 mm just before arterial injury and
persistence of this effect at 6 month. Waksman et al documented neo
intimal suppression using '’Ir with a dose response effect in vessels
treated with 3.5, 7 and 14 Gy at a radial depth of 2mm and continued
benefit at 6 months in a rteries treated with 7 and 14 Gy. They have
shown that radiation was just as valuable an adjunct to stenting as
it was to angioplasty'’. Figure 1 shows comparative neo intimal
growth in irradiated versus non-irradiated pig coronary artery.

Fig.1: Substancial neo intimal growth in (a) non irradiated stented pig
coronary artery versus minimal growth in (b) irradiated artery at 1 month
as ween on light microscopy. L-Lumen; M-Media; N-Neo intimal; S-Stent wire
Endovascular Brachytherapy is ideally suited for delivery of
moderately high doses of radiation to the vessel walls as it allows
for a very rapid fall off of the dose beyond the target volume. The
various approaches to endovascular brachytherapy are : (i) *HDR
remote afterloading "Ir# (ii) HDR remote afterloading **P# (iii)
Manual remote afterloading **Y* (iv) Manual remote afterloading
Ir (v) Radioactive *?P stents (vi) Radioactive liquid Rhenium
filled balloons.

Treatment using HDR remote afterloading '**Ir is possible only
in a brachytherapy suite in a single fraction at the time of angioplasty
and is therefore not suitable for coronary brachytherapy. The time
required for the treatment is 2-4 minutes. Figure 2 shows a
diagrammatic representation of '’Ir afterloading irradiation technique
within the stent of a superficial femoral artery.

Treatment using manual afterloading '*Ir is applicable for all
sites, feasible in catheter laboratories and has to be done at the
time of angioplasty. However, special shields are required and the
overall treatment time is 27 to 43 minutes. HDR Remote after
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Fig.2: Catheter and loading system of Endovascular irradiation using 1921r
afterloading technique within the stent.

loading 3?P permits treatment for all sites in a catheter lab in a
single fraction at the time of angioplasty without any radiation
protection issues. Fig. 3.

angioplasty of stenotic lesion in coronary vessels with poor results
of 40% restenosis rate. Waksman et al'3 have published results of
2-year follow up of the beta WRIST & gamma WRIST trials. 50
patients were enrolled in B WRIST, y WRIST & placebo arms each
in B WRIST arm. 90Y pure B emitter with a maximum energy of
2.28 Mev (Million electron volts) and an initial activity of a 130m
Curie was used. The source was a flexible 0.014-inch wire delivered
into a centering balloon. The prescribed dose was 20.6 Gy (Gray)
to a distance of Imm from the surface of inflated balloon. In the
v WRIST study, a 5 French non-centered catheter was used. The
prescribed dose was 15 Gy to 2mm from the surface of the source
for vessels between 3-4 mm and 15 Gy to 2.4 mm for vessels more
than 4 mm in diamter. Beta radiation showed a 36% relative
reduction in target lesion revascularisation (42% vs. 66%, p=0.16),
target vessel revascularisation (46% vs. 72%, p=0.08) compared
with placebo at 2-year follow up. Most of these presented with an
event within the first 6 months after the index procedure. All
patients received post angioplasty clopidogrel 75mg or ticlopidine

*HDR=High dose rate; *'*Ir = Iridium 192; **P=Phosphorus32; *°Y=Yttrium99
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500mg for one month. Late total occlusion of the culprit lesion
occurred in 12% of beta WRIST and 8% of gamma WRIST patients.

WRIST trial (Scripps Coronary Radiation to Inhibit Proliferation
Post Stenting) : Teirstein et al'* have reported 100% clinical follow
up with Ir reated patients and have shown reduction in total lesion
revascularisation by 74% at 6 months and 68% at 3 years. They
reported reduction in angiographic restenosis by 69% at 6 months
and 48% at 3 years. No perforation, aneurysm or pseudoaneurysm
was reported.

Leon et al'® have reported results of a multicentric double blind
randomized clinical trial, the gamma one trial wherein they have
shown statistically significant decrease in the rate of revascularisation
of the target lesion in the '!IR group (24.4% vs. 42.1%) as compared
to the placebo and also a decrease in the rate of progression to the
prespecified compsoite primary end point of death, Myocardial
infarct (MI), emergency bypass surgery and revascularisation of
target lesion in the 192Ir group (28.2% vs. 43.8%) in the plaebo
group. They however pointed out an increase in the late thrombosis
(5.3% vs. 0.8%) in IR vs. placebo group resulting in more late
MI (9.9% vs 4.5%). This occurred in patients only after
discontinuation of antiplatelet therapy and who had received new
stents at the time of radiation treatment. These findings are similar
to those in earlier reports from several other trials of vascular
irradiation using different isotopes in which therapy with anti
platelet drugs was used for only 1 to 2 months following radiation'.

BERT Trial (Beta emitter for intracoronary brachytherapy) : Spencer
King et al'7 have used® Sr/Y for intracoronary brachytherapy and
reported restenosis rate of 15%. This was the first trial of
endovascular brachytherapy approved by the FDA and resulted in
significant decrease in the treatment time and operator exposure.

RHENIUM - 188 Trials : Park et al'® have described treatment of
diffuse in stent restenosis with rotational atherectomy followed by
radiotherapy with Rhenium-188 Mercaptoacetyltriglycine-filled
balloon. It can be applied to coronary arteries with a large diameter
as well as angulated arterial segments without the aid of a centering
device. '®8Re is a high energy beta emitter with a maximum energy
of 2.12 Mev that is available as Rhenium perrhenate solution from
the 188W/188Re generator (Oak Ridge National laboratory,
Tennessee) and has a half life of 17 hours. Restenosis rate of 10.4%
has been reported at a follow up of 5.8+-1.7 months of 50 treated
patients. This is encouraging considering the long length of lesion
(25.5 + -12.7mm). These results were superior to those by Hoher
et al'. This may be attributed to inclusion of only restenosis
patients, and use of atherectomy and optimal balloon angioplasty.
The advantages of this form of treatment are that it can be used
for treatment of vesseles of various sizes, angulated segments,
uniform dose distribution and no centering device issues. No late
thrombosis has been reported so far and may also be attributed to
the 6-month use of aspirin and cilostazol. Figure 4 illustrates the
difference in dose distribution achieved by centering versus non-
centering source of radiation. Two feasibility trials the CURE trial
at Columbia University and the RADIANT trial are using radioactive
liquid filled balloon.

Indian trial “INDIRA” of “Intracoronary irradiation in the prevention
of coronary re stenosis” is a prospective randomized trial in
collaboration with the Long Beach Memorial Medical center USA
and involves four major medical centers in India i.e. MediCiti
Hospital, Care Hospital, Apollo Hospital and Bibi Cancer center.
800 de novo patients are to be randomized to receive 11 Gy at
3mm radius. The study was approved by the Atomic Energy
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Fig.4: (a) Dose versus distance away from center of source. (b) Source
centered in artery. (c) Source not centered in artery.

Regulatory Board and the trial was started in December 1998.

The European society for therapeutic radiology (ESTRO) and
oncology working group® and the American association of Physicists
in medicine task group on “Intravascular brachytherapy?' have
addressed general terms and concepts for target and dose
specification as well as detailed recommendations for dose
prescription, recording and reporting in Endovascular brachytherapy
for both peripheral and coronary arteries. An example of
prescribing, recording and reporting for a coronary artery with
gamma radiation ("?Ir, non centered) as recommended by ESTRO

is shown in Appendix A.

Conclusion

Endovascular Brachytherapy is still in its infancy. A better
understanding of the molecular biology of restenosis and definitions
of actual targets responsible for restenosis shall help us in achieving
superior results with the same modality as well as help develop
newer concepts in the treatment.

Issues such as the timing of radiation, length of the segment to
be treated, dose, fractionation, dose rate and the point of prescription
are still investigational and are being addressed to in various
clinical trials. Prevention of late thrombosis following vascular
brachytherapy needs to be looked at. A close collaboration between
the interventional cardiologists, radiobiologists, radio oncologists,
medical physicists and the industry is required.

Appendix A

Clinical Situation : 59-year-old female with a history of coronary
disease for 2 years. Twenty-four months ago stenting of LAD was
performed. Control angiography showed in-stent restenosis.

Aim of Therapy : Angioplasty of in-stent restenosis to establish
normal arterial patency and endovascular brachytherapy to prevent
restenosis.

Technique : Dilatation with 30mm/3.5mm diameter PTCA balloon
and brachytherapy using 4F diameter non-centered radiation
delivery catheter with IR ribbon source (14 seeds, 55mm).
Following GRANITE, GAMMA 2 protocol with modifications.

Description of source, devices and technique

Isotope: '*Ir, encapsulated in stainless steel. Source type : Source
ribbon, 14 seeds (each seed 3x0.5mm, Imm spacing), S5mm
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length. Source strength: Reference air kerma rate of 0.133 cGy/
h @ 1m, 854.4MBq (23.09mCi) per seed, 65.1cGy/min at 2mm
from the source axis. Source movement: None Delivery device
: Manual afterloader (Cordis Checkmate IRT (TM) System).
Delivery catheter: 4F non-centered catheter.

Recording and reporting lengths, depths and dose

Lesion Length: 12mm; Interventional Length: 30mm; Clinical Target
Length/Planning Target length: 40mm ASL:35mm; Reference
Isodose Length: 46mm; Reference Lumen Diameter: 3.4mm:;
Reference Depth: 1.0mm

Dose prescription

Prerscription point: 2mm from the source axis; Dose and dose
rate: 14Gy, 0.65 Gy/min.

Dose recording and reporting

Reference Depth Dose (2.7mm) - 9.5Gy; Reference Lumen Dose
(1.7mm) - 18.2 Gy; Minimum and maximum values for non-
centered device: Reference Depth Dose min/max-6.4/19.5Gy;
Reference Lumen Dose min/max-9.7/100Gy.

Time dose pattern
Total Treatment Time: 21.5 min

Total Reference Air Kerma: 0.048cGy@1m
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